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AESTRACT

An assumption was made that an increase in moisture content
in the sand would resvlt in an increase in the amount of volatile
matter retained in a sand, clay, water, and sea coal mixture which
had been subjected to the heat of molten iron. Because of a lack
of positive evidence to support this assumption, it was concluded
that the volatile matter retained within the sample is independent
of the moisture content.

It was also shown that the volatile products do not travel
back through the sand, away from the mold-metal interface. 2ather,
the volatiles escape from the sand and are present as a thin film

of gas between the metal and the mold.
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I. INTHODUCTION

Sea coal is the name given to very finely ground bitwuninous
coal prepared sspecially for usz in the foundry industry as an
addition to %re molding sand in grey iron and mallszable iron foun-
dries. 3ea coal is characteriz=d by having a low ash content, a
high volatile content, and a low sulfur content. Rerresentative
proximate analyses show the sea coal te contain 0.75 to 2.25% water,
32.0 to 28.0% volatiles, 50.0 to 58.0% fixed carbon, C.70 to 1.0%
sulfur, and 3.0 to €.0% ash. Because sea coal is a gas former and
because most non-ferrous metals are gas absorbers, the use of sea
coal is not practical in non-ferrous foundry overations.

S2a coal has been used in the foundry industry for over two
hundred years. It was considered a necessary evil and was used only
because it prevented sand burming onto the casting and gave tne casting
a smoother and cleaner surface finish. In addition, it was found as
the years went by, that the use of sea coal in the mclding sand would
help to eliminate pinholes, rat-tails, buckles, and other expansion
defects; control shrinkage; resist metal penetration; and help to
give better dimensional tolerance in the casting. The foundrymen did
not know why sea coal wonld perforr all of the services mentioned
above and, at tire present time, all aspects of the action of sea coal
in the mold are ncot fully urderstood.

Cne facet of the problem which seems to have been overlooked by
most investigators corncerns the volatile products of the coal and the

products of comhustion after tne coal has been subjected to the heat
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of trke molten metal. Toriello and ijallace, 5)in an investigation

of the enlargemant of grey iron castings due to mold wall movement
and subsequent enlargement of the mold cavity, noticed that their
molds, after the castings had been removed, contained three distinct
layers of discoloration. The zone closest to the mold cavity was
silvery grey and was due to the coke remaining from the sea coal.

Thz next zone was a charcoal grey color and supposedly contained

the recondensed heavier volatiles. The farthest zone from the casting
was ligrter in color and supposedly contained the lighter volatiles
from the sea coal.

As this was the only reference to tire recondensation of the
combustion products which could be found, it was decided that a
study of the volatile content. of tre sand as a function of distance
from the mold-metal interface would be useful. In particular, the
study was concerned with the effects of the moisture content of the
sand on the distance througr which the volatile products will travel
before recondensing in the sand.

Tt was felt that a study of this type would be of wvalue, not
only because it sheds additional light on the overall problem of the
effects of adding sea coal to a molding sand, but also because it
may give a keener insight into the action of the sand during the

critical pouring and cooling periods,



II. REVIEW OF LITZRATURE

Most of the investigation in this field has been conducted in
one of two aspects of the problem. These two areas of endeavor have
been to determine the effect of sea coal additions on the physical
properties of a clay, sand, and water mixture; and to determine and
explain the reactions taking place when the sea coal in the molding
sand is acted upon by the hsat of the molten metal. These two areas,
while they may appear to be quite independent of each other, are ac-
tually very closely related since the properties of the sand will
often determine the effect of the heat upon the sca coal. Likewise,
the product left after the coal has burned during pouring will often
have a serious effect upon the properties of the recycled sand. How-
ever, these areas will be discussed separately for ease of explanation,
and will be drawn together only when it is deemed necessary to mcre
fully explain some facet of the complicated series of reactions which
may take place in a molding sand to which sea coal has been added.

Two of the most important properties of a clay, sand, and water
mixture are the green compressive strength and the permeability. The
green compressive strength must be sufficient for the sand to with-
stand the weight and metallostatic pressure of the liquid metal. The
permeability of the molding material must be sufficient to allow the
gases, generateéd by the heat of the molten metal striking the mold,
to escape through the sand in order to prevent porosity, blow holes,
or any other number of gas-caused defects in th= casting. Both of
these properties are greatly affected by the addition of sea coal to

the molding sand.



Both Morrison(ls)and Zirzow(zs)have stated that the slightest
addition of sea coal to the molding sand will sharply reduce its
permeability. This is due to the fact that sca coal, being very fine,
will clog up the pores betwesn the sand grains. :%lso the ash in the
sea coal will gradually accumulate in the sand as it is recycled. As
the ash is also very fine, it will also act to fill up the voids and
reduce the permeability.

Schauss(23)has studied the effects of a variation of fineness of
the sea coal on the permeatility of the sand. He found that sand which
had a permeability number of 70 when sea coal with an AFS fineness
numtcer of 95 was used, would have a permeability number of 58 with AFS
fineness number 120 sea coal, 48 with AFS fineness number 140, and 40
when sea coal with an AFS fineness number of 165 was added. In each
case the weight per cent of s=2a coal in the mix was the same. uhen
presented graphically, these data showed that the permeability decreased
almost linearly as the size of the grains of sea coal decreased.

Saunders and Saunders(zz)

showed that the permeability of a sand
containing sea coal was markedly affected by an increase in temperature.
They showed that the permeability dropped sharply in the temperature
range from 150-200 C, depending upon the per cent of sea coal present.
This drop in permeability was explained by the fact that the volatile
content of the s=2a coal was being driven off in this temperature range
in the absence of air. This created a back pressure and lowered the
permeability. At higher teriperatures the permeability decreased, but
less rapidly. The further decrease is due to the swelling of the coal

and sand grains which fills the voids and reduces the permeability.

These investigatcrs also found that the sea coal would reduce the
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permeability at room temperature even after the volatiles had been

(15) (28)

driven off. This would seem to agree with Morrison and Zirzow
who stated that the fineness of the ash and carbon act to reduce the
permeability at room temperature.

Most investigators have agreed that the addition of sea coal will
increase the strength of molding sand at room temperature. Zirzow(28)
has explained this phenomenon by the fact that, for some reason, the
sea coal allows better distribution of the clay arourd the sand grains.
He goes on to explain that the clay is probably thinned out, which
causes it to more nearly approach its maximum efficiency for causing
the sand grains to adhere to each other.

(16)

Parkes states that the addition of 5% very fine sea coal
increased the strength of his sand from 110 psi to 175 psi. Parkes
brings up an important point when he states that these figures may

not mean much, as the addition of sea coal necessitates an increase

in the amount of water needed to temper the mixture. Thus, the addition
of sea coal may increase the strength; but what percentage of this
increase is due to the sea coal and what percentage is due to the
increase in moisture is not readily known.

Parkes sheds additional light on the problem by stating that the
addition of sea coal will have little or no effect upon the strength
unless the grading of the sea coal is very much different from that of
the sand. This seems reasonable if, according to Zirzow,(28)the sea
coal is to mix with the clay and surrournd the sand grains rather than

to act similar to the sand grains, which the coal would certainly do

unless it was very much smaller than the sand.



(23)

Schauss has investigated the cuestion of how the size ol the sea
coal affects the strength at room temperature. He found that a sea
coal of fineness number 95 gave his sand a dry compressive strength of
about 31 psi, fineness number 120 gave a strength of about 42 psi, 140
gave about 48 psi, and a sza coal with an AFS fineness number of 165
gave the sand a dry compressive strength of acout 65 psi. Schauss
presented thesedata graphically and showad that the dry compressive
strength increased almost linearly as the size of the sea coal decreased.

Hird(g)used a differ=nt approach to the problem of strength in
sands to which sea coal had been added. He milled sand which showed an
increase in strength after each use which could not have come from the
clay bond. ifixamination showed each sand rain to be covered with car-
bon. This rough carbon deposit, combined with a small per cent of dis-
tilled tar, gave a bond which was partly frictional and partly gluti-
nous. Hird believed this bond to be responsivle for the increase in
strength after sea coal had been added.

There has not been so much work done on the hot strengths of
molding sands as has bheen done on the strengths at room temperature.

(16)

Parkes reported that the strength of a synthetic sand with 5% sea
coal remained constant at 175 psi up to 400°C, then fell to 140 psi
at 700°C. Parkes explained this by the fact that sea coal partially
liquifies in this range. As the temperature rises, the amount of
liquid increases and the strength decrezses. Parkes added that any
liquid formed in the mold wall would decompose. This decomposition

would increase the viscosity of the liquid while the amount decreased,

tending to offset the reduction in strength. Parkes concluded that the



amount of sea coel and the rate of heating are the important factors

in determining the amount of reduction in strength. This agrees with
the work of Sandersszo)who showed that the hot strength of an AFS stan-
dard test sand at 950°F is reduced from 80 psi with no sea coal to 65
psi with 4% sea coal.

tnother aspect of the effect of sea coal on the properties of
molding sands is the effect of sea coal on the expansion and contrac-
tion of the samd at elevated temperatures. Several investigators have
found that the addition of sea coal controls sand expansion and con-
traction during the pouring and cooling cycles. Dietert and Valtier(7)
stated that sand without sea coal had an expansion of 0.016 inches
per inch while the same sand with 12% sea coal had an expansicn of
only 0.007 inches per inch. The contraction of the sand without sea
coal was 0.0134 inches per inch and with 12% sea coal was only 0.0055
inches per inch. Dietert and Valtier showed that the reduction in both
expansion and contraction of the sand increases as the amount of sea
coal present increases, the reduction increasing very rapidly from 8
to 129 sea coal.

Roberts and Wbodliff(l9)showed that sea coal acts to decrease the
expansion and contraction of the samd not only during the pouring cycle,
but throughout the solidification period of the casting as well. Using
7% sea coal with a natural Tennessee sand, they showed that the effect
of the s=a coal increased as the number of minutes after pouring in-
creased. Roberts and iloodliff also shtowed that a coarser grade of
sea coal, because it does not burn so quickly as a finer grade, will

remain an active expansion control element over a longer period of time.



No investigator has offered a definite theory as to how sea coal
acts to reduce both expansion and contrsction. However, it has been
suggested that sea coal acts as a buffer between the sxpansion of the
sand grains anc the contraction or shrinkage of the clay. This buffering
action of the sea coal is important in that it reduces scabs, rat-tails,
and buckles, which are all common defects caused by thermal instability
of the molding sand.

Dietert and Dietert(é)and other investigators have found that the
addition of sea coal will increase the nhot deformation rate of the sand
up to 6% sea coal. Above 6% the deformation decreases. Dietert and

Valtier(8)

have shown that the addition of sea coal will reduce the
flowability of the sand due to an increase in green strength and the
low flowability of the coal.
The second of the two most popular areas of investigation has
been the study of what actually happens when the sea coal is subjected
to the heat of the molten metal. 1Ir these studies, investigators have
attempted to theorize the mechanics of the process and to use these
theories to explain why sea coal is effective in producing a better
surface finish and in preventing the sand from burning onto the casting.
The first problem for the investigators to solve was the exact
effect of the molten metal unon the sza coal during pouring of the mold.
Although many investigators have exnlained this action very well,

Aptekar(l)

has presented one of the most complete and detailed expla-
nations.
Aptekar stated that there was a releass of a large volume of steam

from the moisture in the sand upon the introduction of the iron. As



the temperature of the sand goes quickly above 840 F, the combined
water of the clay and sea coal begin to distill off and the sea coal
softens. The lighter volatile components of the sea coal decompose
and form water gas with the sts=am being driven off according to the
following equation:

HOH + C——=H, + CO
Water gas

Aptekar goes on to state that dehydration and shrinkage of the
clay take place ranidly. The sea coal, which is a swollen, frothy
mass by this time, flows into the cracks in the clay. The mold face
is deform=d due to the shrinkzge of the clay and the expansion ¢f
the sand grains. As the temperature continues to rise, the heavier
hydrocarbons are driven off and the sea coal is present as a boiling
tarry mass. This tarry mass fills in the cracks caused by the expan-
sion of the sand grains and shrinkage of clay. The evolution of the
heavier hydrocarbons continues until only coke or carbon is left. As
the silica expansion continues, the coke acts as & binder and shrinks
to make up for the expanrsion of the sand.

(26)

Zirzow has published a theory which agrees quite well with
Aptekar's ideas. Zirzow adds some personal observations which help to
surport his theory. He states that a person observing a mold during
the pouring cycle sees first steam coming off, then a blue flame caused
by the burning of the water g:s, and finally, dark gases which are
evolved due to the distillation of the hesavier hydrocarbons. As a

result ol his observation, Zirzow ccncludes that there are four complete

reactions taking place at the mold-metal interface.
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1. &H#vanoration of the tempering water.
2. Distillation of the volatile matter in the sea coal.
3. Formation of coal tar or viscous ingredients.

L. Formation of the cole.

Most, investigators agree, more or less, with the ideas presented
above. Th:se theories hzve been appliad in an effort to explain how
the addition of sea coal can hz2lp to alleviate or eliminate some of
the defects which have been mentioned @ove.

(14)

According to Mezder, thare are three distinct theories as to

how sea coal helps to produce & good surface finish. The first of

these states that the molten metal vaporizes the sea coal. The resulting
gas is rich in carbon and deposits a layer of soot on the interface
between the metal and the mold. This layer of soot serves to prevent

the metal from wetting the sand grains, which it must do in order to
react with them and form a rough surface.

Another theory is that the molten metal vaporizes the sea coal,
which forms an emvelope of gas between the metal and the mold. Theoreti-
cally, the envelope of gas prevents the metal from actually coming into
contact with the grains of samd. Thus, a good surface finish is effected.

Meader goes on to state that the most widely accepted theory is
the formation of a reducing gas during the destructive distillation of
the s=za coal. The iron ih the mold will oxidize in the presence of air.
The ferrous oxide then attacks the sand grains to form a thin, glassy
slag which adheres to th-=: casting and causes a poor surface finish.

The presence of a reducing gas in th= mold will prevent the formation
of iron oxide, thus preventing slag formation and insuring a smoother,

cleaner surface on the casting.
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Investigators are divided as to which of these theories is respon-
sible for the effectiveness of sea coal in producing a better surface
finish. No investigator really adheres to one theory and disproves the
other two. It is possitle that all thres explain accurately the action
of sea coal.

Silk(zh)has stated that fine sea coal flashes quickly and deposits
a carton film between the metal and the sand. This soot fills the
voids in the sand and provides a smoother surface against which the
metal may iie.

Hird(g) agrees with Silk and states that the sea coal along the
side of the mold cavity will volatilize., Carbon from the escaping gases
is deposited in the form of soot on the upper sides and top, giving
extra protection to the sand.

Reichert and WOolley(IS)

argue that the sand grains expand and cause
the permeability to decrease as t he sand becomes hotter. The coal also
begins to expand and these expansions cause the permeability of the
sand to be reduced to very low values. At the same tire, the volatile
matter of the coal comes off as the destructive distillation of the
coal begins. As the permeability of the sand behind the sea coal has
been drastically reduced, these gases hav: no place to go except out
along the face of the mold where they must act as a film between the
metal and the mold.

As was ~ointed out by Meadarglh)the most widely acceptad theory is
that a reducing gas is formed in the mold during the distillation of

the coal. As has already been stated. the reducing gas prevents the

formation of iron oxide which reacts with the silica to produce slag.
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(12
Jones and Grim hzve uszd this theory to exrlain how sea coal

prevents the formation of pin hecles in malleable iron castings. Jones
and Grim contend that pin holes result from water vapor which combines
with iron according to the enuation:

H,O0 + Fe —>2H + Fe0

The oxide is present in a layer of scale because of its slow rate
of diffusion. The atomic hydrogen readily diffuses into the iron and
raises its hydrogen content. The hydrogen then combines with the oxide
to form a bubble of water vapor which grows as more hydrogen diffuses
into the bubble. As the metal solidifies and the growth of the bubble
slows down, the bubble is sealed off and a pinhole is formed.

Jones and Grim further state that sea coal, although it is a
heavy gas produc<r, decreases the ease with which pinholes zre formad.
This is due to the fact that the carbon in the coal has a greater
affinity for the oxygen than the iron. Thus, carbon monoxide will be
formed rather than the iron oxide and the formation of pinholes is
reduced.

Besides improving the surface finish by reducing metal penetra-
tion, and reducing expansion defects such as rat-tails, scabs, and
buckles, sea coal has also been credited with reducing shrinkage
defects such as piping. Sanders and Sigerfoos(zl)have done a good deal
of work in this ar:a and have concluded that sea coal increases the
stakility of the mold-metal interface. They cdiscount the theory that
the gas pressure from the sea coal, after the metal has entered the
mold, tends to counteract the pressure of the metal and thus stabilize
the mold. They argue that a permeability of 73 to 115, such as that of

the sands which they tested, would make this theory infeasible.



A more acceptable theory, according to 3anders and Cigerfoos, is
that sea coal cokes and expands uvon heating. This expansion is the
force which tends to counteract the mcvement of the sand due Lo the
pressure of the metal and, thus, reduces shrinkage.

In additicn to the studies dorns on the imore thesoretical aspects
of the use of s=a coal, a gocd Zeal of attention nas been given to
the problem of when to add the s:a coal, whether to add it to the heap
sand or a special facing sand, exactly how the sca coal should be
added, &nd, finally, how much sea coal should be used in a typical
situation.

(27)

Zirzow has studied the protlem of when the sza coal snculd be
added during the reconditioning cycle. According to tkhis investigator,
a foundryman has four choices &s to when he might add sea coal to his
sarid. On:= choice is to add the sea coal to the rebonding mixture.
However, as Zirzow points out, this choice is not advisable because of
the adverse effect upon thz bond and p=rmeability of the clay and sea
coal balling up and causing segregation.

The foundrymen's second choice is to add the sea coal by itself
during the milling of the gresn sand. This choice again presents the
danger of segregation with its resulting loss in bond strength and
permeability.

The two remaining choices are to add the sea coal =ither with
facing cr with the turned sand at the mill. Zirzow states that these
methods are best and are the ones with which most uniform results are

obtained.
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(155

Morrison also believes that the foundryman has several choices.
He eliminates adding sea coal to facing sand, but agrees that adding the
sea coal to the burmm=d sand at the mill gives the best distribution.

(2

Schauss 3)concludes frem his investigatioun of the problem that it
is common for foundries to shake out the castings and heap the sand
into lorg, low piles to which are added the bond and sea coal. In

some cases the bond and sea coal are added tc the top ¢f the molds
before dumping.

Ii" & continuous mill is uszd, Schauss believes that the sea coal
may be added to the stream of sand either before it enters the mill or
at the point where the sand enters the mill.

There has been some discussion as to exactly how the sea coal
should be added. Schauss(23)is of the opinion that when sea coal is
added to the muller, the dry matcrials are added into the mill, then
the water. Investigators in the Pontiac Motor Division(l7)believe
that a slurry could be used to delivar sea coal to the sand. The slurry
contains bentonite, 5-8% sea coal and 3-4% water. This slurry holds up
to 1-1/4 1lb. sea coal per gallon.

None of the other investigators mentioned using a slurry, so it
is assumed that the sea coal was added dry as Schauss did. However,

\
Dietert(h/

states that the s=a coal may be coated with a thin film of a
neutral hydrocarbton which will help to avoid dusting.

Most of the investigators fail:d to menticn whether a sp:cial
facing sand should be made, or the s=a coal added dir:ctly to the heap
sand. It would secem likely that adding se=a coal to the heap sand would

not be so economical as making 2z facing sand. ‘The sea coal would even-

tually meke its way into the hesp sand. However, the making of a
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special facing sand would pernaps :ncounter additional materials hand-
ling protlems of which this author is unaware.

The amount of s=z=a cocal to be zdded is one provlem which hes teen
given much attention. Jccording to Zirzowgzg)there are five factors
which should be considered when determining the amcunt of sia cosl to
be used. ‘The first factor is the amount of burned core sand. The
turned core sand increases the volume of the sand grains and necessitates
the use of additional sea coel.

The second factor is the condition of the castings when shaken
out of the mold. Because of a greater danger of oxidation =t higher
temperatures, castings dumped at red neat require more sea coal than
those dumped at vlack heat.

The casting area and cross section is the third factor. A greater
surface area means that mors sca coal will be converted to ash. A
larger cross section means that there will be greater heat penetra-
tion of th-= sand.

The Tourth factor is ths pouring temperature. A higher pouring
temperature requires more sea coal and a 50°F change will produce a
marked effect on the surface finisn of the casting.

"inally, the permeability of the sand is a factor. Zirzow claims
that higher permeability allows better heat dissipation. A high perme-
ability means a larger number of interconnecting voids are present in
the sanrd.

S
Silk(éh)offers more quantitative data on *he subvject of the effect

of casting trhickness on the arount oI sea coal to be used. 35ilk contends

that 6% sea coal snhould be used for castings 3/1é" - 1/4" in trickness,
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8% for thicknesses of 1/4" - 5/8", 10% for 5/8" - 1 1/2" thicknesses,
12.5% for 1 1/2" - 2 1/2" thicknesses, and 15% sca coal for castings
over 2 1/2" thick. Silk cautions against using over 15% seca coal
because of the resulting ash contamination of the sand. This warning
brings up another important question. what are the harmful effects
of using sea coal, esp-:cially of using too ruch sea coal?

One of the most undesiratle properties of the seca coal is its
effect in sharply reducing the permeability of the sand to which it
has been added. However, as this has been discussed under the general
topic of the effect of sea coal on the pronerties of the molding sand,
no further m=ntion will ke made of it here. Likewise, the fact that
sea coal reduces the hot strength and flowability of the sand and
necessitates a greater amount of clay and tempering moisture will be
mentioned here only to show that these are some of the or jections to
the use of sea coal which have been raised by the various investigators.

The most serious objections to the use of s-a coal are the de-
fects wnhnich result from using too much s.;za coal. Zirzow(zs)has compiled
a list of result: from the improper use of sea coal, all of which
result from using too much. Zirzow lists rat-tails, cold shuts, mis-
runs, dirt, drops, and surface checks as defects caused by excessive
sea coal. This list. of pos-ihle defects is substantiated by similar

(15)

lists by such investigators as Clar'k(2 )and Morrison.

(ls)and Jones(ll)have contributed to the study

Reichert and wWoolley
of why excessive sea coal causes veining in castings. Jones contends

that veining is due to coking of the sea coal. As the coal is exposed

to h-=z!, free water is immediat=1l;r driven off. Volatile matiar is
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driven off, the coal breaks open, and gas escapes through the fissures.
The high boiling point volatiles are finally driven off through a mass
of boiling liquid pitches. Gas, breaking through the carbonaceous
material, forms thin skins of coke or carbon. The physical size in-
creases due to expanding gases in a plastic mass. The whole mass be-
gins to shrink when the last gases escane, and when it has lost plasti-
city, shrinking stops. Coke then has sufficient strength to resist
erosion by the iron.

Reichert and Wbolley(ls)

reported that a "grape vine" effect was
produced on the surface of their castings when 5% sea coal was used.
They caution that their results do not indicate that veining will oc-
cur whenever 5% sea coal is used because the effect of the sea coal
varies with the temperature of the iron, character of the sand, and
type of casting produced.

Kiley(13)stated that he was forced to reduce the ratio of sea coal
in his facing saad from a 1 to 8 ratio by volume to a 1 to 11 ratio,
for if a ratio of 1 to 8 was used, veining occured on the surface of
the casting.

The final objection to the use of sea coal, as mentioned by
Clark(z)and others, is the difficulty of controlling sea coal additions
properly. It appears that the only control is to keep a record of
the weight of sea coal added per ton of metal poured and to refer to
these records periodically.

In view of the many objections to the use of sea coal, there has
been a considerable amount of research done in comparing sea coal to

other additives such as pitch, wood flour, cereal, and silica flour.



18

Dietert ani Parlow(5)showed that the ot deformation rate of sand
in the range tetween 500 and 1500°7 is increased hy the addition of
wood flour and cereal. It is reduced by the addition of sea coal, pitch.
and silica flour. At 2000°F wood flour, pitch, sea coal, and cereal
all greatly increase the hot deformation rate. Sea coal, however, im-
parts by far the greatest increase.

(lo)showed that sea coal reduces the hot deformation rate

Johnston
at 1200 F, while cereal and wood flour increase the rate of deforma-
tion. Johnston claims that this is due to the fact that the sea coal
won't burn out to leave voids in the sand at this low temperature.
However, at 2400°F sea coal produces a rot deformation of 0,646 inches
per inch which easily accommodates expansicn at that terperature.

Johnston also studied the effeet of virious additives on the hot
compressive strength at 2C00°F. No additives produced a strength of
430 psi, adding only 2% wood flour reduced strength to 192 psi, 5%
sea coal decreases strength to 205 psi, and 2% cereal yields 390 psi.

On the subject of reducing porosity in grey iron castings, Dawson
and Smith(3)state that the addition of 6% sea coal will suppress pin-
holes, but will increase the hydrogen pickup by the metal. Pitch will
also suppress the pinholes and doesn't increase hydrogen pickup.

Finally, on the practical and economics side, Sanders(2o)reports
that small additions of wood flour will replace a greater weight of sea
coal. Moreover, the wood flour is much cleaner to handle than the sea

coal.
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IIT. LABORATORY WORK

A. Preparation of the mixes.

Each batch of sand was to contain, on a dry tasis, 8.0% sea
coal, 7.0% Southern bentonite, and 85% pure silica sand. The dry
constituents were weighed out and charged into a Simpscn mixer. A
pre-calculated weight of water was added to the dry mix and the batch
was mulled for five minutes. The amount of water added in each case
was varied so as to produce a series of mixes containing from 1.0%
to 5.0% water. The variation in moisture content between two suc-
cessive mixes was 0.5%. After mixing, each batch was sealed in a

glass Jjar until needed.

B. Preparation of standard samples.

Standard specimens were made from each mix using AFS standard
sand ramming equipment. To mcke a specimen, a quantity of sand was
rammed three times. Each ram consisted of a fourteen pound weight
falling two inches and compressing the sand within a steel cylinder
whose inside diameter was 2.000" ¢+ 0.001". Thus, the finished sam-
ple was a right circular cylinder with a diameter equal to that of
the steel cylinder. A specimen was considered acceptable if the
height of the specimen was 2.00" + 1/32". Two specimens were made from
each batch whose moisture was an integral per cent (1.0%, 2.0%; etc.).
One standard specimen was m:de from each mix whose moisture was 1l.5%,
2.5%; etc. The duplicate samples w cre used to check the reproduc-

ability of the results.
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Ce Preparation of the san¢ molds.

The molds into which the stand:rd specimens would be placed were
made using the heap sand available in the foundry. The pattern used
in each mold was of wax and had been made by pourirg molten paraffin
wax into the same cylinder used in making the standard specimens. Af-
ter removal of the wax pattern f rom the stesl cylinder, it was sec-
tioned longitudinally. Tris produced a split pattern which facilitated
the molding operation.

Using the pattern described above, the sand mocld contained a
cavity two inches in diameter and four inches in length. The molds
were so constructed that the longer axis of the mold cavity was
horizontal. 4n illustration of the specimen in the mold cavity may
be found in Figure 1 on the following page.

D. Pouring the molds.

Once the required number of molds had been made, grey iron was
melted in an Ajax induction furnace and heated to a temperature of
2600 - 2700°F.

Immediately vefore pouring, the mold wzs opened and the standard
specimen was placed in the cavity in a horizontal position at that
end of the cavity opposite the gate. This arrangement allowed the
molten metal to flow into the mcld cavity and lie against the one
base of the standard specimen. Thus, the specimen was heated only on
one end and a temperature gradisnt developed within the specimer.

4. Testing for volatile content.

After the castings had cooled, each sp2cim~n was removed from

the nold and sectioned longitudinszlly witrh a hacksaw blade. One half
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of the secticnad sampl2 was th2n used to test for the volatile con-
tent at specific distances from the end against which the metal had
lain.

Samples were taken from the sectioned cylinder at distances of
1/8", 3/8", s/g", 7/8", 1-1/8", 1-3/8", 1-5/8", and 1-7/8" from the
heated encd. fach sample was then dried in an oven for one hour at
110°F. T is temperature was chosen in preference to one more nearly
approaching the boiling point of water to insure little or no vol-
atilizaticon of constituents othar than water during the drying per-
iod.

After drying, each samnle wasweigh:d and the weipht recorded.
The sample was nlaced into & bozt and the toat was placed in a tute
furnace at a temperature of 950°C. To avoid burning the coal, argon
flowed t hrough the furnace to maintain a neutral atmosphere with the
furnace. After being held in this inert atmosphere for seven minutes,
the boat was removed from the hot zone of the furnace and allowed to
stay in a much cooler zone of the furnace for fcur minutes. This
brought the temperature of the sample -down low enough to eliminate
the darger of turning the sample when the boat was taken out of the
furnace and the sample was expos-z:d to the atmosphere.

After the sarnle was removed from the furnace, it was reweighed
and the final weipht recorded. The loss in wei;ht was calculated for
each sampl= and expressed as a per cent of the original weight. An
illustr~tion of the specim:n, showing the ~ositions from which the

samples were removed, can b= found in Figure 2. on the following page.
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F. Testing for losses not due to volatile content.

The testing described above was carried out on the assumption
that the weight loss corresponds to the volatile content of the sand.
However, there were reasons to b:lieve that the loss of other con-
stituents in the sand may have added to the loss in weight. To deter-
mine the loss in weight due to constituents other than the sea coal, a
batch was made without sea coal. The sand and clay in this batch were
present in the same ratio as in the batches containing sea coal.

Several samples from this additional mix were dried in *he same
manner as described atove. After drying, the samples were tested in
the tube furnace, again, as described above. It was found that the
loss in weight from these samnles was fairly consistent and equal to
0.738% of the weight of the sample. #hile no definite r=ason can be
given for this additicnal weight loss, it is assumed that the loss
is due to moisture not driven off during the drying period and to
moisture which is chemically combined with the clay. It should be
noted that the reasons for this additional loss are not of great
importance with respect to the problem. What is of importance is that
the value of 0.738% was then used as a correction factor for the data
obtained when testing for volatile content. It is felt that the cor-
rected weight loss is due only to:a loss of volatiles in the sand
sample. The data for this determination are found in Table 1 on page 26.

G. Testing for volatile content of the sea coal.

Four samples of sea coal were tested for vclatile content, using
the same procedure as outlined above. The average volatile content of

the sea coal was founc¢ to te 39.,30%. &As the s:a coal constituted £.0%



of each mix, it was calculated that the mixture of sand, clay, sea
coal and water contained 3.14% volstiles befor: being subjected to
the heat of the molten metsl. This value was usad to determine the
change in volatile content due to the heating of the sample. The

data for this determinaticn are found in Table II on page 27.

25
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TABLE I - DATA AND RESULTS FOR THL DATERMINATION OF WEIGHT LOSS

NOT DUE TO THx VCLATILZ COHTENT OF THE SiA CCAL

Original Weight Final Weight Weight Lo=s
0.941 gm. 0.934 gnm. 0.707 gn.
0.820 gm. 0.8%4 gm. 0.006 gm.
0.813 gm. 0.807 gm. 0.006 gm.

Average Weight Loss = 0.738%

Per Cent Loss
0.74L%
0.732%
0.738%
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TABLEZ II - DATA AND RmSULTS FOR THE DETARMINATION OF THis VOLATILSE

CoNTENT OF THws ScA COAL

Original Weight Final Weight
0.673 gm. 0.406 gm.
0.720 gm. 0.438 gm.
0.288 gm. 0.174 gm.
O.LES gm. 0.2%8 gm.

Average Volatile Content = 39.3

Weight Loss
0.266 gm.
0.282 gm.
O.114 gme

00191 Elle

Volatile Content
39.5%
39.2%
35.5%

G.0%



IV, DIZCUSSICH OF RASULTS

The results ottained from the laboratory work can be seen in
Table III on page34 . Th: same data has been vresentasd graphically
in Figures 3 through 15 immzdiately following this discussion.

For ezse of explanation ths experimental results mey be cate-
gorized under two torics. The first catesgory concerns results dealing
with the change in volatile content within =ach sample.

The graphs of the variation in volatile content as a function
of distance from the heated face show that virtually all of the
volatile matter in every sample had been driven off in that zone
which was 1/8" from the specimen-metal interface. Tnis was expected,
as this zone was exposed to the intens= heat of the molten metal
with very little protective cover.

The same graphs show that there is a rather large d=crease in
volatile content 3/8" from tha heated fac=. The magnitude of the loss
in volatile content at 3/8" was smaller than that of the loss at the
1/8" level. This is understandable in view of the fact that the heat
would not be expected to be so intense further away from the casting.

All samples showed that a loss of volatiles had occurred 5/8"
from the heated face, although this loss was quite a bit smaller than
the loss in zones closer to the casting.

As was expected, each sample showed that the magnitude of the
loss in volatile content in that region 7/8" from the heated face was

also quite small.



It is evident from the gravhs th:t little or no volatile matter
was lost at a distance of 1-1/8" from the hesated face. Furthermore,
it was found that there was ro loss of volatiles in any of the zones
further away from the h:at. Thus, it was concluded that the heat of
the molten metal affected only that rortion of the sample lying with-
in 7/8" of the source of heat. Ailso, the effect of the heat was slight
in those areas which were rot within 3/8" of the specimen-metal inter-
face.

Thus, in summary, the results showed that there was a very large
decrease in vclatile content (virtually 100% of the original volatile
content ) nzar the casting. The loss in vclatile content became less
as the distance from the casting increased urtil, at about 1-1/8"
from the source of heat, the heat had nc effect upon the volatile
content of the sand.

Very closely connected with the problem of determining the ef-
fects of the heat upon the volatilization process is the problem of
determining how the volatile products recond:nsed in the specimen.
Upon examination of tho data and the graphs, it was evident that
there wags 1little or no recondensation of the volatile matter within
the specimens. It almost goes without saying that little recondensa-
tion is to be expected within 7/8" of tre heated face, as the results
show that volatiles were being driven off in this ertire section of
the sample. Thus, an examinatior of the data for that porticn of
each snecimen from 1-1/8% to 1-7/€" will be sufficient to determine
wheth.er or not there was any substantial amount of recondensation

taking place within the specimen.
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Such an examinatior: of the vclatile contents of these zones
showed that there is no evidence of substantial rzcondensation of
volatiles in any of these zones. 1In some samples, one or more of the
zones may have a volatile content higher than that of the sample before
being heated. However, in virtually all cases, the volatile content
was only sligntly higher than that of the original sand. In view of
this fact, it was decided that the deviations from t he volatile con-
tent of the unheated sand were due to experimental error rather than
any recondensation of volatiles. Proof of this assumption is given by
the fact that there were negative deviations fromt he original volatile
content as well as positive deviations in all except a few of the speci-
mens.

It is possible that there may have been a very small amount of
recondensation in one or more of these zones. However, this recon-
densation seems to be so slight that it is negligible and adds little
to an explanation of the action of the sca coal in the sand.

The question of volatilization and recondensation within each
sample was approached from a more quantitative standpoint. The weight
of volatiles which was volatilized during pouring was calculated for
each specimen containing an integral oper cent moisture. The weight
of volatiles wnich was recondensed was also calculated for these speci-
mens. ‘The results of these calculations, which can be found in Table 1V
on page 35, verify what can be seen from observing the graphs. The
amount of volatiles recondensed in each case was insignificant when

compared to the amount which was volatilized.
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The second topic of discussion concerns the influence of an
increase in watcr content unon the volatilization and recondensation
processes taking nlace in the sand. 1In dezling first with the recon-
densation, it can be seen from the graphs that an increase in water
content seems to have had little or no effect upon the deviations of
the volatile contents in the recondensation zones from that of the
unheated sand. The volatile contents of the zones from 1-1/8" to 1-7/8"
seem to lie in the region of the volatile content of the unheated
sand regardless of the moisture content of the sand.

The effect of the moisture content upon the action of the sea
coal in those zones from 3/8" to 1-1/8" is not so easily seen from a
visual examination of the graphs. Thus, it was necessary to plot the
volatile contents of these zones as a function of the water content of
the sand. 1In these graphs, shown in Figures 12 through 15, an at-
tempt was made to derive a linear relationship between the volatile
content and the moisture content. To do this, the method of least
squares was used to find the equation of the straight line which best
represents the points. This equation was then used to plot the line
shown on each graph.

Once a linear relationship has been assumed, two aspects of the
resultant straight lime are important. The position of the line on
the graph is important as it gives a semi-quantitative measure of the
average magnitude of the loss in volatile content at each specific
distance from the heated face. The position helps to more clearly

show how the volatile content in the heated sample increases as the
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distance from the source of heat increases. This is equivalent to a
smaller loss of volatiles during the period in which the sand was be-
ing subjected to the heat of the molten metal. This same relation-
ship was seen in studying the graphs discussed above, but is, perhaps,
seen more clearly here. In general, at 3/8" fror the source of heat,
most of the samples had a volatile content on the order of 0.90%,
corresponding to a loss of 2.24% during pouring of the mold. The
average volatile contant at 5/8" was a bout 2.75%, which is a loss of
0.29% during pouring. At 7/8" the average volatile content retained
in the samples was a bout 3.05%, corresponding to a loss of 0.09%. At
1-1/8" from the heated face, the average volatile content was seen to
be about 3.10%, which corresponds to a loss of only 0.04% volatiles
during pouring of the mold.

The second important asp:ct of each line was the slope of the
line. This is perhaps of even more importance than the position of the
line. As mentioned previously, the position of the line merely con-
firms the relationship between the volatile content and distance from
the heat that hsd been seen from an examination of the graphs of the
variation in volatile content within each sample. However, the slogpe
of the line is the only indication of the effect of the water content
on the volatilization process.

An examination of the four graphs showed that the slope of the
line is very close to zero for each of the zones in which volatili-
zation took place. As the retained volatile content in the 1/8" zone

was equal to zero for virtually all of the ssmples, no graph could be
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drawn for this zone. The slope 1is negative for the 3/8" and 5/8" zones
and is positive for the 7/&" and 1-1/8" zones. However, in no case
was the slope of the line of large enough magnitude to prove without a
doubt that the retained volatile content either increases or decreases
as the moisture increases. This lack of positive evidence seems to
indicate that the moisture content has little or no effect upcn the
per cent volatile content in the volatilizztion zones of the sample
after it has been subjected to the heat of the molten metal.

These observations were verified by the calculated results shown
in Table IV. The results show that there is no significant change
in either the amount volatilized or the amount recondensed as the

moisture content of the sample incresased.



TAELE TII - RESULTS

Sample No.
1
1A
2
3
3A

9A

All values for per cent volatile content

tracting ©.738% from the original weight

OF DLTLRMINATI N OF VOLATILL CONTONT WITHIN SAL

0.00
0.00
C.03
0.00
0.00
0.05
0.00

0.00

3/31!
0.73

0.79

3.
> 3.07
3.

Per Cent Volatile Content

34

T T
LPLE

s/en 7/8n 1-1/8" 1-3/8" 1-5/8" 1-g/8"

05

03

2.57

S 3.06

2.76

2.70

: 3.18

2.84
2.88
2.74
2.58

2.73

2.90
2.87
2.82
3.16
2.81
3.14
3.04
3.02
3.23
3.22
3.11
3.15
2.61

2.73

B2l
3.02
3.L3
3.1%
773
$405
3.24
3.04
2.77
2.94
3 .23
.27
3.08

3.05

have

loss.

3.23
2.95
3.65
3.20
2.8
3.47
3.40
3.21
3.43
2.81
2.95
3.62
2.77
Salih

3.13
3.05
3.42
3.18
2.93
3.11
3.17
2.93
2.84
3.14
2.91
3.54
3.52
3.37

3.07
3.04
3.38
3.16
269
3.0€6
3.03
.24

N

2.74
3.21
3 .08
3.:36€
321

3.33

been corrected by sub-



35

TABLE IV. PRODUCTS VCLATILIZ:ZD AND RuzCONDENSED WITHIN ZACH SikMPLE

Per Cent Moisture

1.C
2.0
3.0
4.0

5.0

Weight Volatilized

weight Recondensed

1.2 gm.
1.3 gn.
1.1 gm.
l.1 gnm.

1.2 gm.

0.0 gm.
0.C gm.
0.0 gm.
0.0 gm.

0.1 gm.
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V. CONCLUSIONS

Zven before the actual laboratory investigation was begun, the
basic assumption was made that an increase in moisture content would
probably result in an increase in the amount of volatile matter re-
tained in the specimen during pouring and cooling of the casting.
This assumption was based on the idea that a higher moisture content
should result in a greater cooling effect within the sample. It was
expected that a greater cooling effect would tend to restrict the
volatilization of the sea coal and, at the same time, help to keep
the sand at a temperature low enough to induce recondensation of any
volatile matter driven off from that portion of the specimen nearest
the heat of the molten metal.

If, as assumed, the amount of volatile content in the heated
sample increased as the moisture increased, a plot of the volatile
content as a function of water content, for each specific position
within the sample, would have a positive slope. In addition, if the
increase in volatile content was significant, the slope of such a
plot would be expected to be quite large. However, such a plot made
from the experimental data was found to have either a small negative
slope or a positive slope of very small magnitude. The failure of
these graphs to have a large and positive slope was taken as proof
that the original assumption was in error. An increase in moisture
content does not result in an increase in the amount of volatiles
retained in the heated specimen.

The failure of any of the graphs to show a large and negative
slope was likewise taken as proof that an increase in moisture con-

tent does not result in a decrease in the amount of volatiles in the

49
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specimen ~fter it has been heated. It was not expected that there
would b= such a relationship between moisture and volatile content.

As an increase in water content caused neither an increase nor
a decrease in the volatiles remaining in the sand, it is concluded
that the amount of moisture present has no effect upon the volatili-
zation and recondensation of the volatile matter in the sea coal.
Although, as stated previously, the increased water content was ex-
pected to reve a greater cooling effect within the sand, the con-
clusion that the water has little or no effect on the volatile con-
tent can be easily explained. If the temperatures to wrich the sand
was subjiected were rslatively low, the cooling effect of the water
would be expected to be of great significsrce. However, it should be
remembered that the iron was pcured into the mcld at a temperature
of 2600 - 2700°F. ‘s the pourirg tonperature was sc such greater than
the boiling point of water, it is understandatle that the water con-
tent would contribute only an insignificant amount of cooling in the
sand. In order to exhibit a substantizl coolirg effect in the sand,
water would have to be present in such a great quantity that it would
make ihe use of such a sand as a molding material impossible.

The secend basic assumption under which the experiment was car-
ried out was that the volatile products which werz: driven off from
thos=2 zones ne:zrest the heat would diffuse through the specimen, in
a direction away from the heated face, and, at some point where a
sufficiently low temperature prevailed, the volatiles would recon-
dense within the specim=n. However, from the =xperimental data, it

was shown that there was little recondensation of volatiles within
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the snecimen, even in trose areas which were rather far from the
heated face. 1f, as must be concluded firom the data, there was no
significant pick up of volatiles within the specimen, what happens
to the volatile products driven off during the pouring?

The answer to this question has been given by rneichart and
WOolleySl8)These investigators have argued that the expansion of the
sand grains causes the permeability of the sand to decrease in that
range of temperature during which the destructive distillation of
the coal is taking place. This fact has been verified by several
other investigators. Because of this drastic reduction in permea-
bility, the wclatile products can not proceed through the sand away
from the source of heat. Thus, the volatile products ar: forced out
along the face of the mold and act as a film of gas between the mold
and the casting.

The fact that there was no condensation evident in any of the
specimens proves that the volatile matter did not travel away from
the mold-metal interface. As there is no other means of escane except
along the sides of the mold cavity, it must be concluded that Reichart
and Woolley were correct and that the escaping gases do form a thin
film between the metal and the mold. Whether or not this thin film
of gas has any significance in the explanation of the action of sea
coal in improving the surface finish of the castings is still uncertaina
However, it is safe to assume that the film is present and could
possibly act to improve the surface finish.

Thus, the latoratory investigation has served to shed some light

on the explanation of the zction of sea coal in the molding sand
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during pouring and, at the same time, has added to a solution of the
more przctical problem - how the foundryman can control the additions
of sea coal to the molding sand. In the more theorstical sense,
thers is evidence to prove thazt the vrlat'le products are present
along thz edges of the mold cavity and help to improve the surface
finish of the casting. On the more practical side, the foundryman may
feel relatively safe in assuming that any day to day variation in

the moisture content of his molding sand has no bearing upon the
amount of sea coal to be added. And h= may be assured that a change
in moisture will call for neither an increase nor a decrease in the
amount of sea coal to be added to achieve the desired properties in

his castings.
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