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ABSTRACT 

This paper is an assessment, in quantitative terms, of the molding 
properties of "hot" clay bonded, green molding sands at temperatures in 
excess of 35C. It compares these properties with those obtained at room 
temperature and with those of the limited amount of literature 
published. It is a limited investigation of several sand mixtures with a 
view to minimizing the adverse effects of hot sand in the foundry. 

The properties of hot sands when compared with the same green 
molding sand mixes at the same moisture content, tested at room 
temperature, illustrated these differences within their normal molding 
moisture range:-

a) Green compression strength, on average, decreased by 10%. 
Addition of starch or dextrin decreased this difference to negligible 
levels. However, a base-exchanged (sodium for calcium) mont-
morillonite-containing sand exhibited an average increase of 5%. 

b) Dry compression strength, on average decreased by 50%. Additions 
of dextrin or starch decreased those differences to about 3 0 % below 
that of the room temperature sand. 

c) Bulk density and rammability of the synthetic sands exhibited no 
clear differences. However, a naturally based sand illustrated a 
decrease in these values of about 3%. 

d) The shatter index values of synthetic sands decreased on average by 
10%. Apart from increasing overall shatter index values, the 
addition of dextrin and starch had only a small effect. Shatter index 
ofthe naturally based sand changed from a 1 0 % to a 3 % decrease as 
moisture content increased across the normal moisture range used 
for molding. 

e) Wet tensile strength values of western bentonite bonded and base-
exchanged (Na for Ca) sands decreased, on average, by 3 0 % and 
4 0 % respectively. The addition of dextrin substantially reduced 
peak values of those curves but narrowed the differences to a 
decrease of 14%, on average. The naturally based molding sand 
exhibited properties which were less susceptible to changes in 
moisture content than those of synthetic sands. O n average the 
difference in wet tensile strength amounted to a decrease of 14%. 

f) All sands exhibited decreases in permeability, which on average, 
amounted to about 15%. The addition of dextrin narrowed this 
difference to about 10%. As with green compression strength and 
wet tensile strength tests, the base-exchanged mix illustrated 
anomalous behavior in comparison with other mixes tested. 

There were consistent and reproducible, but unfavorable differences 
between room temperature and hot sands when tested at the same 
moisture level. These differences varied for different clay types and 
could, in general, be mitigated with cereal additions. 

The author's work expresses in quantitative terms the differences 
between room temperature and hot sands expressed qualitatively by 
many foundrymen. The only obvious disagreement seems to lie in the 
fact that the author found consistent decreases in permeability number, 
whereas other researchers found no such differences in this property. 

Introduction 

W h e n molten metal is cast into a green sand mold, most ofthe sensible 
and latent heat contained in the metal is imparted to the sand compact. 
This causes temperature of the sand to increase to a level governed by 
such factors as pouring temperature, sand metal ratio, S A / V ratio ofthe 
casting and time lapse before stripping. 

When sand is reprocessed, some cooling does take place within the 
system. But in many plants this is insufficient and, since the sand is 
recycled, temperature tends to rise by increments to a more or less 
constant "hot" value. 

The deleterious effects of very high temperatures reached near the 
metal mold interface are now relatively well documented and widely 
appreciated. However, the same cannot be said for the effects of more 
moderate temperatures which result in the bulk of the sand after its 
reconditioning and recycling back to the molding machines. 

This work tries to rectify this state of affairs by quantifying the 
differences in properties between so-called "hot sands" and properties 
of the same sands tested at the same moisture contents at room 
temperature. 

Hot sand is generally described in the literature as having a 
temperature ranging from 35 to 50C. Better defined, temperature ofthe 
recycled sand is so high that difficulties are encountered in molding or 
faults occur in the finished castings. Foundries situated near the equator 
and certain foundries in the American motor industry are said to operate 
satisfactorily at relatively high sand temperatures — probably as a 
consequence of high ambient temperature and comparatively high 
relative humidity. Even if "hot sand" is thus a relative term, conditions 
generally involve hot sand problems when temperature of molding sand 
exceeds ambient by about 10° C or more1'2'1'4 

Literature Survey 

Note that temperatures measured at the muller are as critical as those 
measured at molding stations, since excessive temperatures beyond this 
point lead to evaporation of water which cannot be corrected for during 
sand transfer to the molding station. M a n y foundries (at least in 
America and Sweden) are well aware of the dangers associated with 
using hot sands. An American survey5 gave the following results: 

6 8 % were aware of hot sand problems and took 
remedial action. 

2 4 % were aware of hot sand problems but took 
no remedial action. 

8 % gave no indication. 

In the literature, hot sands resulted in a higher percentage of scrap. This 
could be attributed to one of the following undesirable characteristics of 
hot sand1'2. 

Heterogeneous Properties — These are due to variations in moisture 
content of sand and formation of layers in system hoppers. Recycled 
sand always has uneven composition but the differences increase as 
temperature of the sand (or part of it) increases - particularly if some 
parts of the returned sand arc drier than others. Also, hot molding sand 
dries out on the surface on its way from the mixer and in the molding 
machine. 
In mold production, one mold may by chance be made up of batches 
of material with different properties. If they extend into the outer layer 
the risk of faults in the casting is considerable. Furthermore, complete 
molds may differ from one another. This may lead to a whole series of 
sand faults such as adhesion or penetration, cracks of various kinds, 
flaking, etc. A good remedy for uneven composition is to keep sand at 
just the right moisture content during transport between various stages 
of mixing. Hetrogeneous properties also account for the often erratic 
results obtained in testing of hot sands. 
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Separation of Fines — Considerable dust formation and silting can 
occur during transfer and recirculation if the sand is dry or has a low 
moisture content. This effect increases with air flow and may be very 
great, particularly in machines used for cooling dry sand. There is an 
abundance of literature dealing with methods of cooling hot sands. The 
technique most often employed is forced air cooling and water 
evaporation. However, excessive air pressure could lead to dispersal of 
fines and expensive addition requirements. Excessive amounts of water 
which must be added to cool hot sands could also result in "balling" of 
clay and cereal fines, thus adding even more complication4. This could 
also be aggravated by short mulling cycles, since hot sands need longer 
mulling cycles than do sands at room temperature. 
Surface Drying ofthe Mold — The drying of hot mold surfaces is due to 
heating of air in contact with them, so that its relative humidity 
decreases and evaporation of water from the mold increases. Drying 
causes the surface layer to become brittle, with the risk of loosening sand 
particles during handling and casting. Here, there is an appreciable 
difference between molding sands using sodium bentonite and synthetic 
sodium bentonites, on the one hand, and those using calcium bentonites 
and clays on the other. Water lost from the surface of a material ofthe 
latter type is immediately replaced by water diffusing outwards, so 
evaporation must take place over a relatively long time before the 
surface dries. In a sodium bentonite mixture, on the other hand, no 
transport of water takes place and drying occurs fairly rapidly. Lower 
dry and hot strengths of hot sands contribute to the ease with which they 
"cut", "wash" or "spall". This leaves the sand friable, giving rise to sand 
inclusions and metal penetration. 
High Vapor Pressure — This phenomenon tends to give atmospheres 
high in water vapor which could cause mold/metal reaction and metal 
penetration defects. This also promotes the tendency to gas defects 
which could be exaggerated by the fall in permeability which was shown 
to occur. 

Sticking is due to the fact that when hot moisture-saturated air in a 
sand is in contact with a cold surface, the dewpoint is exceeded; water 
condenses and the binder adheres to the surface, particularly on 
patterns but also in the sand hoppers, on belts, in elevators, etc. 
Decreased wet tensile strength (which has been shown to occur) also 
increases scabbing tendency of the sand. 

Scabbing is primarily due to stresses in the outer layer of the mold wall 
and occurs because sand grains in the surface expand due to heating 
when the mold is poured. Scabbing can be avoided if the grains are free 
to expand. It is considered that sodium bentonite or soda treated 
calcium bentonite (which swell by water adsorption and which are 
present between the grains of sand) give a buffer effect in conjunction 
with removal of water by heating during casting. Absorption of water 
and swelling take a relatively long time if the bentonite is dry. 

During investigations2 a statistically significant connection was found 
between the tendency to scab and temperature of the molding sand. 
High vapor pressure surrounding hot sands was also thought by some 
to account for their more brittle nature, which was quantified in terms of 
lower deformation value (in the above reference) and its markedly lower 
shatter index (as shown by this author). 

Summary of Literature Survey 

From the literature survey there was qualitative reason to believe that 
hot sands exhibited changes in green compression strength, dry 
compression strength, hot compression strength, density, deformation, 
friability, mold hardness number, scabbing tendency, surface drying 
tendency, dust formation tendency, and susceptibility to gas and sand 
inclusion defects — when compared with the same sand mixes tested at 
the same moisture contents at room temperature. 

Object of the experimental work was to determine, in quantitative 
terms, the differences between test properties of hot sands and those of 
the same sands, at the same moisture contents, at room temperature; 
also to suggest ways in which the differences could be minimized. 

Experimental Procedure 

Sand Preparation — All mixes were prepared in a small, wheel-and-
plough sandmill, in 4 kg batches. Clay and cereal additions were 
weighed to the nearest gram and care was taken to ensure that they were 
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Fig. 1. Green compression strength for a westem-bentonite-
bonded sand (upper left), a sodium-for-calcium base-exchanged 
sand (lower left), sand with dextrin addition (upper right) and a 
naturally based sand (lower right). C o m p a r e the properties of 
room temperature sand with hot sand. 

well mixed with the base sand. The initial mulling cycle was for not less 
than 15 minutes and each subsequent retemperingcycle was followed by 
at least five minutes mulling. Thus variations in properties due to 
inadequate mulling were known to be at a minimum. 
Heating to Produce Hot Sands — This part ofthe exercise was the cause 
of much concern and many wasted hours of experimentation before the 
final method of heating was developed. The method finally adopted 
involved sealing prepared sand in double plastic bags inside a tin 
container. This had a very tight fitting lid to prevent blow-off. 
Approximately 20 cm' of "free" water was placed inside the can but on 
the outside of the plastic bags. This gave an adequate vapor pressure 
inside the can to prevent appreciable drying of the sand. 
Sand Testing — The following tests were conducted in the normal 
manner on 2 in. standard A F S 3-ram test pieces: 

Green compression strength 
Dry compression strength 
Green permeability 
Shatter index 

In addition, tests were run to establish temperature of testing, wet tensile 
strength (using commercial apparatus), length of the standard test piece 
and moisture content (using a commercial high-speed moisture in
dicator). 

The moisture detector was found to be quite accurate when checked 
against dried samples in determining moisture content of both room 
temperature sand and hot sand. Moisture in hot sand was measured by 
forming an approximately 4 in. diam ball of hot sand, allowing it to cool, 
then testing a sample from the center of the ball in the normal manner. 
Sands used to obtain property values at room temperature were also 
tested in the normal manner. 

The testing of hot sand was conducted as quickly as possible to 
prevent temperature and moisture losses. For the same reasons the 
specimen tube was warmed to prevent excessive cooling or condensation 
of moisture from the sand. 
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Fig. 2. Dry compression strength for the same sands as Fig. 1. Fig. 3. Shatter index for the same sands as Fig. 1. 

Summary of Results 

Green Compression Strength — Room temperature and hot sand curves 
of all mixes tested illustrated the expected tendency for green 
compression strength to decrease with increasing moisture content — 
drastically near their peak-strength moisture level and more gently at 
increased moisture contents (see Fig. 1). 

Western bentonite bonded hot sands exhibited values which were 
about 10% lower than those of room temperature sand, in the normal 
molding moisture range of 2.2 to 3.0%. Addition of dextrin to these 
sands reduced the differences between hot sand and room temperature 
sand to zero at lower moisture contents but they progressively 
developed again at higher levels of normal moisture range. 

Tests were also conducted on a natural sand with unspecified clay and 
cereal additions, as used in the cast metals laboratory. This naturally 
based sand exhibited a hot sand value which averaged 8 % lower than 
that at room temperature. This difference decreased at the higher end of 
the normal moisture range. 

The base-exchanged (sodium for calcium bentonite) bonded sand 
illustrated a hot sand green strength which was substantially more than 
that of the room temperature sand, especially at lower moisture 
contents. But in the normal range of 2.4 to 3.2% moisture the difference 
was about 5 % more than the value at room temperature. 

Dead clay, as such, was not found to have any appreciable effect on 
green strength in the quantities introduced (20%) during these limited 
tests, providing that active clay content was maintained. 

Dry Compression Strength — With western bentonite bonded sands, 
dry strength of hot sands was generally substantially below that of room 
temperature sand. This was especially so in the higher regions of normal 
moisture range where hot sand dry strength was more than 6 0 % lower 
than that of room temperature sand (see Fig. 2). 

Addition of dextrin changed the form ofthe hot sand curve to give it a 
peak at a much lower dry strength and moisture content. Although the 
relationships were not of a simple nature, in the normal moisture range, 
addition of dextrin to the sand generally decreased the difference in 
properties between room temperature and hot sands. At the same time, 

in the higher moisture range it tended to decrease the absolute value of 
dry strength of the hot sand. 

In general, dry compression strength of the hot naturally based sand 
was markedly less than that of room temperature sand, especially at 
higher moisture levels. However, because ofthe complex shape ofthe 
room temperature curve, it could be argued that by using sand in the 
lower end ofthe moisture range, these differences could be minimized. 

Hot sand bonded with the base-exchanged clay showed vastly lower 
dry strengths than did room temperature sand throughout the normal 
moisture range of 2.4 to 3.2%. As moisture content fell below this range, 
differences decreased markedly. 

Length of the Standard Test Piece — All synthetic sands produced a 
decrease in testpiece length, which represented an increase in rammabili-
ty and bulk density with increasing moisture content. 

No definite differences between room temperature and hot sands was 
apparent from the graphs, due probably to the large amount of scatter. 
Analysis of this graph illustrated that room temperature tests tended to 
be displaced towards the top ofthe range. However, insufficient results 
were available to test the statistical significance of this observation and, 
therefore, no definite statement could be made. 

In contrast, naturally based sand showed no definite trends towards 
increasing bulk density and rammability with increasing moisture 
content at room temperature. However, hot sand exhibited markedly 
lower bulk density and rammability, which became still more marked 
with increased moisture. 

Shatter Index — The western bentonite bonded sand showed marked 
maximums in both hot sand and room temperature curves. As with all 
other mixes tested, hot sand values were on average 10% lower than 
those of room temperature sands. In general, differences increased the 
further moisture content was from that of the optimum shatter index 
value (see Fig. 3). 

Curves for the naturally based sand were noticeably flatter than those 
of western bentonite bonded sand. During the lower half of the normal 
moisture range, room temperature and hot sands differed by about 10%, 
but in the upper half this difference decreased to about 3%. 
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Fig. 4. W e t tensile strength for the s a m e sands as Fig. 1. Fig. 5. Permeability for the s a m e sands as Fig. 1. 

Curves for the sodium-for-calcium-base-exchanged mix were again 
flatter and at a lower level than those for one western bentonite mix. The 
hot sand curve was about 1 0 % lower than that for room temperature 
sand. 
Wet Tensile Strength — The room temperature curves for both straight 
synthetic sand: clay mixes increased with increasing moisture content, at 
substantially the same rate. However, the hot sand curves decreased 
with increasing moisture content. Wet tensile strength of the base-
exchanged sand decreased almost four times as fast as that of western 
bentonite bonded sand (see Fig. 4). 

Thus it could reasonably be said that in the normal moisture range of 
both sands, the differences in wet tensile strength rapidly increased with 
increasing moisture content. Hot sand had a value in the middle ofthe 
range that was approximately 3 0 % lower with western bentonite and 
4 0 % lower with the base exchanged mix than the same sand at room 
temperature. 

The addition of dextrin to western bentonite bonded sand completely 
altered the shape of the curves. They both exhibited the right hand half 
of a "humpback" shape and fell, progressively and parallel to each other, 
with increasing moisture content, over the range examined. The hot 
sand curve, on average, had values 1 4 % below those of the room 
temperature curve. 

Yet again, the naturally based sand showed its greater tolerance for 
changes in moisture content by exhibiting relatively flat curves. The hot 
sand curve had a value about 1 4 % lower than that of the room 
temperature curve. However, absolute values for this sand were only 
about 2 0 % of those of straight sand: 4 % clay mix and 4 0 % of those of 
sand: 2.5% clay + 0.35% dextrin synthetic sand mix. 

Permeability — Permeability ofthe western bentonite bonded sand fell 
with increasing moisture content. The hot sand curve fell likewise, 
parallel to, but at a value 1 7 % lower than that ofthe room temperature 
curve. Addition of dextrin left the general trends ofthe curves unaltered 
but the difference in permeabilities decreased from 1 7 % to 9 % (Fig. 5). 

The plot for naturally based sand permeability versus moisture 
content fell as expected. Hot sand had values about 1 3 % less than room 

AFS Transactions 

temperature sand. The room temperature curve for the base-exchanged 
mix fell with increasing moisture content to a minimum and then began 
to increase again. The hot sand plot was a straight line which increased 
with increasing moisture content, the two crossing at approximately 
2.4% moisture. 

Apparently, in the normal range of moisture content of this sand, hot 
sand permeability would be, on average, 1 6 % higher than that of room 
temperature sand. N o reasonable explanation of this unexpected 
behavior was immediately apparent to the author, nor could any 
explanation be found in the literature (which, as far as it was possible to 
determine, did not cover this phenomenon). However, the number and 
consistency of results appears to substantiate its validity. 

Summary of the Effects of Cereal Additions 

Most results from which the following assumptions were made were 
obtained from investigation of dextrin containing sands. However, from 
the limited examinations made, similar effects could be expected from 
the use of starch additions. 

In summary, the presence of dextrin in a green molding sand mix had 
the following effects which were (as far as could be ascertained) in 
proportion to the amounts present. 

1. R o o m temperature green compression strength and permeability 
number remained substantially unchanged — at least in the range of 
the present experimental data. 

2. Hot sand dry compression strength decreased substantially above a 
certain moisture content. 

3. R o o m temperature shatter index increased markedly by about 1 5 % 
on average and the curve became flatter. 

4. R o o m temperature wet tensile strength became drastically different 
from that of a straight sand: clay curve. This was due to the influence 
of dextrin in lowering the peak of the curve and moving it to a lower 
moisture level. A graphical representation of this hypothesis is 
represented in Fig. 6A. 
Dextrin also appeared to affect the differences in properties between 

room temperature and hot sands in the following way: 
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a) It reduced differences in green strength to little or nothing. 
b) It affected differences in dry strength in a complex way, but generally 

reduced them in the normal moisture range. 
c) It had little effect on differences in shatter index in the normal 

moisture range. Since it flattened out the room temperature curve 
but not the hot sand curve, these differences became greater as 
moisture content moved either side of this range. 

d) It decreased the difference in permeability to a measurable extent. 

The Effect of Dextrin on Wet Tensile Strength 

According to Khana7, the peak of the wet tensile strength curve for a 
straight western bentonite water bonded sand should occur at a 
moisture level three times that at which the peak green compression 
strength occurs. N o w this peak green strength occurs at a moisture level 
equivalent to one-third ofthe percentage of clay present8, Thus peak wet 
tensile strength should occur at a moisture level approximately 
equivalent to the percentage of clay present, i.e.: 

3 x 4.0% x 0.33 = 4.0% moisture for 4.0% clay 

From this it was expected that a 2.5% clay/ water mixture would have 
a peak wet tensile strength at a moisture content of 2.5%. However, the 
sand: 2.5% clay 4- 0.35% dextrin curve actually peaked in the region of 
1.7% moisture. From this fact and extrapolated data, Fig. 6A was 
constructed, showing the influence of both hot sands and cereal 
additions on wet tensile strength versus moisture, based on a 4 % sodium 
bentonite mix; therefore the addition of dextrin to a straight 
clay/water,/sand mix tended to lower peak value of the wet tensile 
strength curve and to move it to a lower moisture level. Moisture value 
of the new peak occured at a percentage of moisture equivalent to 0.65 of 
the percentage clay present (for western bentonite bonded sands 
containing dextrin). 

Dextrin reduced the peak ofthe wet tensile strength curve. This gave 
rise to an apparent anomaly since dextrin is often used in practice to 
increase scabbing resistance. However, this is not as contradictory as it 
may at first appear, because Scabbing Resistance = Wet Tensile 
Strength/Hot Compression Strength. For this, even if dextrin does 
lower wet tensile strength by, say, 5 0 % (providing it also lowers the hot 
compression strength by more than 50%) then it effectively increases 
scabbing resistance, as expressed above. 

Discussion and Possible Explanations 

Clearly, there were significant differences between properties of room 
temperature and hot sands and the mechanisms involved in causing 
these differences could be modified by dextrin additions. 

Thermal analysis curves for these materials illustrated no phenomena 
in these temperature ranges of 15 to 80C (60 to 180F) which could 
account for the differences in properties between room temperature and 
hot sands. It was therefore concluded that the mechanisms responsible 
for causing these differences must involve relatively mild changes in 
moisture distribution within the mold compact. 

It is convenient to consider that water in a mold is present in two main 
forms: as relatively "rigid" water in the clay film and as relatively "loose" 
water in the sand grain interstices. The changes which occur in relative 
distribution of water between the two forms account for the differences 
between room temperature and hot sands. Consequently, no changes 
need occur in the overall (as tested) moisture content ofthe mix in order 
for the following model to apply. 

The following hypothesis was developed solely to fit the results 
observed. Its validity was not tested directly at any time in the present 
work and it should, therefore, be treated with reserve. 

There seem to be two conflicting tendencies which occur in hot sands. 
Depending upon which predominates, hot sand will exhibit either a 
higher or a lower green compression strength and permeability than the 
same sand, at the same moisture content, at room temperature. 

Evaporation Tendency — Hot sand tends to dissipate its excess thermal 
energy by evaporating moisture from the clay layer into the sand grain 
interstices. The amount of water distributed in the clay layer is then less 
than that at room temperature. Consequently, strength of the clay layer 
is higher, because the green strength curve is intersected at a higher level 
(see Fig. 6C). However, because the clay layer volume will decrease, 
permeability increases (Fig. 6B). 
Swelling Tendency —- Again because the sand is hot, surface tension of 
the water will decrease and the contact angle between water and clay will 
decrease, thus causing an increase in wetting characteristics ofthe clay, 
which allows it to absorb more water. Therefore, the amount of water 
actually distributed in the clay layer will tend to be greater than at room 
temperature. Consequently, strength of the clay layer will be lower, 
because the green strength curve will be intersected at a lower level (see 
Fig. 6C). Also, as the clay film becomes larger, the interstitial volume 
becomes smaller and consequently permeability will decrease (Fig. 6B). 

In any hot green molding sand, both evaporation and swelling will 
tend to occur. The evaporation tendency, giving higher hot sand green 
strength and permeability, can be expected to predominate in clays with 
a relatively low swelling capacity, such as calcium bentonites or the 
sodium-for-calcium base-exchanged bentonite (swelling capacity = 25 
ml) used in the above work. 
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The swelling tendency, giving lower hot sand green strengths and 
permeability, can be expected to predominate in clays with a relatively 
high swelling capacity, such as sodium bentonite (swelling 
capacity=67ml). 

Application of Hypothesis to Effects of Dextrin 

The influence of dextrin in reducing differences between hot and room 
temperature green strengths and permeabilities can easily be explained 
using this model. The swelling tendency causes a fall in green strength 
and permeability, of swelling clays such as sodium bentonite. Dextrin 
normally combines with the so-called "loose" water and therefore must, 
to a certain extent, restrict its mobility. Thus absorption ofthe "loose" 
interstitial water into the clay layer is restricted; i.e. dextrin restricts the 
operation of the swelling tendency hypothesis set forth above. 
Consequently, dextrin reduces (and can even eliminate) the decrease in 
hot sand green strength and permeability, which occurs in swelling clays, 
by restricting the amount of "loose" water which is available for 
absorption in the hot sand. 
Conclusions 

This research illustrated that hot sands suffer significant and 
reproducible changes in properties when compared with the same green 
molding sand mixes tested at the same moisture content at room 
temperature. 

The 1 0 % decrease in green compression strength which was generally 
found to occur would account for lower molding properties of hot 
sands. 

The 5 0 % decrease in dry compression strength would account for 
decreased resistance to spalling and "cutting" 

The 1 0 % decrease in shatter index would also account for poor 
stripping characteristics of hot sands. 

The substantial decrease in wet tensile strength would rationalize 
lower scabbing resistance. 

Finally, the 1 7 % decrease in permeability number would account for 
the increased tendency to gas defects which occur in hot sands. 

It was also seen that in most cases a 0.5% dextrin addition helped 
mitigate the differences between properties of room temperature and 
hot sands. Differences in green compression strength could be obviated 
with this addition. 

The anomalous behavior of the base-exchanged sodium for calcium 
bentonite mix suggested that differences between properties of room 
temperature and hot sands could be minimized by using it as a part 
replacement for sodium bentonite. Similar comments could apply to a 
partial substitution with calcium bentonites. 

The naturally based sand clearly illustrated greater tolerance for 
variations in moisture content than did any of the purely synthetic 
sands. For this reason, foundries suffering from lack of control (which 
can only be exaggerated in hot sand conditions) may find it 
advantageous to base their system on a natural sand, with cereal and a 
combination of clay additions to suit their o w n circumstances. 

Finally, two points must be stressed: 

1. The above outlined research was of an essentially practical and 
elementary nature and could be easily followed by the average sand 
technician in order to test alternative solutions to hot sand problems 
on his o w n system sand. 

2. In conclusion, it must be emphasized that adequate sand cooling 
facilities are not only the most easily controlled, but are also by far 
the most effective method of curing hot sand problems. 
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