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ABSTRACT 

An assumption was made that an increase in moisture content 

in the sand woul::i res1:1t in an increase in the amount of volatile 

matter retained in a sand, clay, W?-ter, 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 shoi."l'Il that the volatile products do not travel 

back through the sand, away from the mold-metal interface. Rather, 

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. INTr-:.ODUCTirn�

Sea coal is t!-1e name given to very finely ground bi tWT1inous 

coal prepared especially for use in the foundry industry as an 

addition to tre molding sand in grey iron and malleable iron foun

dries. Sea coal is c ha.racterized by having a 101·: asr. content, a 

high volatile content, and a low sulfur content. Representative 

proximate analyses show the sea coal to contain 0.75 to 2.25% water, 

J2.0 to J8.0% volatiles, 50.0 to 58.0% fixed carbon, 0.70 to 1.0% 

sulfur, and J.O to 8.0% 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 operations. 

Sea coal has been used in the foundry industry for over two 

1 

hundred years. It was considered a necessary evil and was used only 

because it prevented sand burning: onto tLe casting and gave the 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 melding 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 would perfonn all of the services mentioned 

above and, at the present time, all aspects of the action of sea coal 

in the mold are not fully ur.derstood. 

One facet of the problerr. which seerr,s to have been overlooked by 

most investigators cor:cerns the volatile products of the coal and the 

products of combustion after tne coal has been subjected to the heat 



of the molten metal. Toriello and Wallace, (
25) in an investie:a tion

of the enlarpement of {!_rey iron castings due to mold wall movement 

and subsequent enlarpement of the mold cavity, noticed that their 

molds, after the castinrs had been removed, contained three distinct 

layers of discoloration. The zone closest to the mold cavity was 

silvery grey and was due to tr,e coke remaining from the sea coal. 

Th 0-" next zone was a charcoal grdy color and supposedly contained 

the recondensed heavier volatiles. The farthest zone from the casting 

was lighter in color and supposedlJ' contained the lighter volatiles 

from the sea coal. 

As this was the only reference to t],e recondensation of the 

combustion products which could be found, it was decided that a 

study of the volatile content of the 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 throup:r which the volatile products will travel 

before recondensing in the sand. 

It was felt that a study of Lhis type would be of value, 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. 

2 
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II. REVI�w OF LITERATURE

Most of the investigation in this field has been conducted in 

one of two aspects of t he 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 heat of the molten metal. These two areas, 

while they may a ppear to be quite independent of each other, are ac

tually very closely related since the properties of t he sand will 

often determine the effect of the heat upon the sea 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 necessctry to mere 

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 w ith

stand t he weight and metallostatic pressure of the liquid metal. The 

permeability of the :nolding material must be sufficient to allow the 

gases, generated 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 the casting. Both of 

these properties are greatly affected by the addition of sea coal to 

the molding sand. 
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Both Morrison (l5) and Zirzow (28)have stated that the slightest 

addition of sea coal to the rr.olding sand will sharply reduce its 

permeability. Tnis is due to the fact that sea coal, being very .fine, 

will clog up the pores between 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 o.f fineness of

the sea coal on the permeability of the sand. He found that sand which 

had a permeability number of 70 when sea coal with an AFS fineness 

number o.f 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 nwnber of 165 was added. In each 

case the weight per cent of sea coal in the mix was the same. \\/hen 

presenteEi graphically, these data showed that the permeability decreased 

almost linearly as the size of the grains of sea coal decreased. 

Saunders and Saunders (22)showed that the penneability of a sand

containing sea coal was markedly affected by an increa_se in temperature. 

They showed that the pernieability dropped sharply in the temperature 

rangefrom 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 saa coal was b eing driven o.ff in this temperature range 

in the absence of air. This created a back pressure and lowered the 

permeability. At higher temperatures t he penneability 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 penneability. 

These investigators also found that the sea coal would reduce the 



permeability at room temperature even after the volatiles had been 

d • ff Th • ld • ,_ � 1 • ( 15 ) d Z • 
( 28 )riven o . 1s wou seem to agree w1t11 ,s orrison an • irzow 

who stated that the fineness of the ash and carbon act to reduce the 

pemieability at room temperature. 

5 

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 around 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. 

Parkes (lb)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 :iJTiportant 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 i� 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, C28)the sea

coal is to mix with the clay and surrow-id 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. 
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Schauss (23 )has investigated the question of how the size of the sea

coal affects Lhe strength at room temperature. He .found that a sea 

coal of fineness number 95 gave his sand a dry compressive strength o.f 

about 31 psi, fineness number 120 gave a strength of about 42 psi, 140 

gave about 48 psi, a nd a sea coal with an AFS fineness number of 165 

gave the sand a dry compressive strength of about 65 psi. Schauss 

presented these d ata graphically and showed that the dry compressive 

strength increased almost linearly as the size of the sea coal decreased. 

Hird (9)used a different 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. Examination showed each sand rain to be covered with car

bon. This rough carbon deposit, combined with a small per cent o.f dis

tilled tar, gave a bond which was partly frictional and partly gluti

nous. Hird believed this bond to be responsible 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 been done on the strengths at room temperature. 

Parkes (lb )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 rartge. As the temperature rises, the amount of 

liquid increases and the strength decreases. 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
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amount of sea coal and the rate of heating are the important factors 

in determining the amount of reduction in strength. This agrees with 

the work of Sanders}20)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. 

Another 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 sB.B.d at elevated temperatures. Several inve$tigators have 

found that the addition of sea coal controls sand expansion and con

traction during the pouring and cooling cycles. Dietert and Valtier (T)

s.tated that sand without sea coal had an expansion of 0.016 inches 

per inch while the same sand with 12% sea coal had an expansion of 

onl.y 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 s ea 

coal present increases, the reduction increasing very rapidly from 8 

t:,o 12% sea coal. 

Roberts and Woodliff(l9)showed that sea coal acts to decrease the 

expansion and contraction of t he saad not only during the pouring cycle, 

but toroughout the solidification period of the casting as well. Using 

7% sea coal with a natural Tennessee sand, they showed that the effect 

of the sea coal increased as the number of minutes after pouring in

creased. Roberts and 1•/oodliff also showed 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 contr;:,ction. However, it has been 

suggested that sea coal acts as a buffer between the expansion of the 
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sand grains and 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 thennal instability 

of the molding sand. 

Dietert and Dietert (6)and other investieators have found that the 

addition of sea coal will increase the hot deformation rate of the sand 

up to 6% sea coal. Above 6% the deformation decreases. Dietert and 

Valtier (S) have shown that the additjon of sea coal will reduce the 

flowability of the sand due to an increase :hn 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. In these studies, investigators have 

attempted to theorize the mechanics of t he 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 castinE• 

The first problem for the investigators to solve ,,_ -as the exact 

effect of the molten metal upon the sea coal during pouring of the mold. 

Although many investigators have exolained this action very well, 

Aptekar (l)has presented one of the most complete and detailed expla

nations. 

Aptekar stated that there was a release of a large volume of steam 

from the moisture in the sand upon the introduction of the iron. As 
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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 s ea coal 

softens. The lifhter volatile components of the sea coal decorr:pose 

and form water gas with the steam being driven off according to the 

following equation: 

HOH + c-H2 + CO 
Water gas 

Aptekar goes on to state that dehydration and shrinkage of the 

clay take place rapidly. The sea coal, which is a swollen, frothy 

mass by this time: flows into the cracks in the clay. The mold face 

is deformed due to the shrinkage of the clay and the expansion 0£ 

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 a binder and shrinks 

to make up for the expansion of the sand. 

Zirzow (2b)has published a theory which agrees quite well with

Aptekar's ideas. Zirzow adds some personal observations which help to 

sunport 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 gcts, and finally, dark gases which are 

evolved due to the distillation of the heavier hydrocarbons. As a 

result or his observc;tion, Zirzow concludes that there are foul!" complete 

reactions taking place at the mold-metal interface. 



1. Evanoration of the tempering water.
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2. Distillation of the volatile matter in the sea coal.

3. Formation of coal tar or viscous ingredients.

4. Formation of the coke.

Most investigators agree, more or lesco, with the ideas presented 

above. Th�se theories have been applied in an effort to explajn how

the addition of sea coal can help to alleviate or eliminate some of 

the defects which have been mentionedcbove. 

According to Meaderi14\h,,re are three distiilct theories as to

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

these states �hat 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 §_"rains, which it must do in order t o  

react with them and form a rough surface. 

Another theory is that the molten metal v aporizes the sea coal, 

which forms an envelope 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 saad. 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 durine the destructive distillation of 

the ssa coal. The iron in the mold wi ll oxidize in the presence of air. 

The ferrous oxide t hen attacks the sand grains to form a thin, £lassy 

slag ¼�ich adheres to th� casting and causes a poor surface finish. 

The presence of a reducing gas in the mold wiJl prevent the formation 

of iron oxide, thus preventing slae fonnation 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 t heory and disproves the 

other two. It is possible that all three explain accurately the action 

of sea coal. 

Silk C24)has stated that fine sea coal flashes quickly and deposits

a carbon 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 lie. 

Hird (9) 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(lS)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 e xpansions cause the permeability of the 

sand to be reduced to very low values. At the same ti:r,e, 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 have no place to go except out 

along the face of the mold where they ,nust act as a film between the 

metal and the mold. 

As was �ointed out by Meader�14)the most widely accepted 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 oxirle which reacts with the silica to produce slag. 
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Jones and Grim (
l2 

\ave used this theory to explain how sea coal

prevents the formation of pin holes in malleabl(; iron castin�s. Jones 

and Grim contend that pin holes rP,sult from water vapor which combines 

with iron according to the e�uation: 

---•2H + FeO

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 t hen 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 t he bubble 

slows down, the bubble is sealed off and a pinhole is formed. 

Jones and Grim further state that sea coal, alt�oufh it is a 

heavy gas produc'"r, decreases the ease -with which pinholes are formed. 

This is due to the fact that the carbon in the coal has a greater 

affinity for the oxyeen 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, s�a coal has also been credited with reducing shrinkage 

defects such as pipine. Sanders and Sigerfoos (2l)have done a good deal 

of work in this ar,;a and have concluded that sea coal incre� ses the 

stability of the mold-metal interface. They ciscount 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 t hus stabilize 

the mold. The y argue that a permeability of 73 to 115, such as that of 

the sands which they tested, wo:1ld make this theory infeasible. 
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A more acceptable theory, according to Sanders and Sigerfoos, is 

that sea coal cokes and expands upon hea Lin£. This expansion is the 

force which tends to counteract the moverr,ent of the sand due -:__o the 

pressure of the me Lal and, thus, reduces shrinkage. 

In addition to the studies done on the more theoretical aspects 

of the use of sAa coal, a rood deal of attention has :::een given to 

the problem of 1--rhen to adJ the sea coal, whether to add it to the heap 

sand or a special facing sand, exactly how the sea coal should be 

added, and, finally, ho,.,,.. much sea coal should be used in a typical 

situation. 

Zirzow (27 \as studied the problem of when the s�a coal srwuld be 

added during the reconditioninf, cycle. According to this investigator, 

a foundryman has four choices 2s to when he rnit ht acid sea coal to his 

sand. One choice is to add the sea coal to the rebondinf mixture. 

However, as Zirzow points out, this choice is not advisable hecause of 

the adverse effect upon th•� bond and pc�nneabili ty of the clay and sea 

coal balling up and causing sepregation. 

The foundryman's second choice is to add the sea coal by itself 

during the milling of the green sand. This choice again presents the 

danger or seeregation with its resulting loss in bond strength and 

permeability. 

The t wo remaininr choices are to add the sea coal either with 

facing or with the �:urnec: sand at the mill. 2i rzow states that these 

methods are best and are the ones with ',vhich r,,ost uniform results are 

obtained. 
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I'liorri son (l5) 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 burned sand at the mill gives the best distribution. 

Schauss (23) concludes from his investigation of the problem that it 

is cor.unon for foundries to shake out the castings and heap the sand 

into lont, low piles to which are added the bond and sea coal. In 

some cases the bond and sea coal are added to the top of the molds 

before dumping. 

If a continuous mill is used, Schauss believes that the s ea 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 mat,_jrials are added into the mill, then 

the water. Investigators in the Pontiac Motor Division (l?)believe 

that a slurry co�ld be used to deliver 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 lb. sea coal per gallon. 

None of the other investigators mentioned usin8 a slurry, so it 

is assumed that the sea coal was added dry as Schauss did. However, 

Dietert (4)states that the sea coal may be coated with a tr.in film of a 

neutral hydrocarbon which will help to avoid dusting. 

:•i.ost of the investi r.ators :'aiL:d to r;1entiun wh·.jther a sp•ccial 

facing sane should be made, or the sea coal added dir•:!ctly to the heap 

sand. It would seem likely that adding sea coal to the heap sand would 

not be so econorr.ical as making e. facing sand. The sea coal would even-

tually :nakc its way ::nto �he 11-�a;, ,;and. Eowever, the makinr of a 
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special facing sand woulci perhaps ;ncounter additL,nal materials hand-

linf problems of which this au1,hor is unaware. 

The amount of s-�a coal to be a.dded is one problem which has been 

given much attention. According to Zirzowi28)there are five factors

which should be considered when determining the amount of sea. coal to 

be used. The first factor is the amount of burned core sand. The 

burned core sand increases the volume of the sand grains and necessitates 

the use of additional sea coal. 

The second factor is the condition of the castings when shaken 

out of the mold. Becau"e of a greater danger of oxidation ;jl higher 

temperatures, cast:ings dwnped at red heat require more sea coal than 

those dumped at clack heat. 

The castinf area and cross section is the third factor. A greater 

surface area means that more sea coal will be converted to ash. A 

larger cross section means that there will be greater heat penetra

tion of th� sand. 

The fourth factor is the pouring temperature. A higher pouring 

temperature requires more sea coal and a 50° F change will produce a 

mark�d effect on the surface fjnish of the casting. 

Finally, the permeability of the sand is a factor. Zirzow claims 

that hivher permeability allows better heat dissipation. A hirh perme

ability means a larger number of interconnecting voids are present in 

the sand . 

. (24) Silk offers more quantitative data on the subject of the effect 

of casting thickness on the a:r,ount o�' sea coal to be used. Silk contends 

that 6% sea coal snould be used for castinfs J/16 11 
- l/4 11 in thickness, 



8% for thicknesses of 1/4" - 5/811 , 10% for 5/8 11 - 1 1/2 " thicknesses, 

12. 5% for 1 1/2" - 2 1/211 thicknesses, and 15% sea coal for castings

over 2 1/2 11 thick. Silk cautions against using over 15% sea coal

because of the resulting ash contamination of the sand. This warning

brings up another important question. ·;,rnat are the harmful effects

of using sea coal, esp�cially of using too r�ch sea coal?

One of the most undesirable properties of the sea coal is its 

effect in sharply reducing the permeability of the sand to which it 
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has been added. However, as this has been discussed under the general 

topic of the effect of sea coal on the pro:,erties of the molding sand, 

no further m�ntion will be made o ;· it here. Likewise, the fact that 

sea coal reduces t he hot strength and flowabili ty 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 otjections to 

the use of sea coal which have been raised by the various investl£ators. 

The rnost serious objections to the use of s,.,a co.;:._l are the de-

fects which result from usine too rr:ueh s,�a coal. Zirzow (2S) has corr.piled 

a list of result:, from the improper use of sea coal, all of which 

result from using too much. Zirzow lists rat-tails, c01d shuts, mis

runs, dirt,_ drops, and surface checks as defects caused by excessive 

sea coal. This ::.isl. of pos•.ible defects is substantiated by similar 

lists by �,uch investigators as Clark (2 ) and Morrisonf15)

Reichert and ';Joolley (lS )and Jones (ll )have contributed to the study

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

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

to i-:,�;::_t, free water is irrmediatel;; driven off. VolaLile ma ti.er is 
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driven off, the coal breaks open, and gas escapes through the fissures. 

The hieh boiling point volatiles are finally driven off through a mass 

of boiling liquid pitches. Gas, b reaking 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 escape, a nd when it has lost plasti

city, shrinking stops. Coke then has sufficient strength to resist 

erosion by the iron. 

Reichert and 1hbolley (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 te�perature of the iron, character of the sand, and 

type of castinv produced. 

Kiley (l3 )stated that he was forced to reduce the ratio of sea coal

in his facing sand from a 1 to S 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 fjnal objection to the use of sea coal, as mentioned by 

Clark (2)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 amoi.;nt of research done in comparing sea. coal to 

other additives such as pitch, wood flour, cereal, and sjlica flour. 
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Dietert an-.i Parlow (5)showed that the ':-1ot deformation rate of sand

in the range between 500 and 1500
°

? 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. 

Johnston (lO)showed that sea coal reduces the hot deformation rate

at 1200 F, while cereal and wood flour increase the rate of defonna

tion. Johnston claims that this is due to the fact tha.t the sea coal 

won't burn out to leave voids in the sand at this low temperature. 

However, at 2400° F sea coal nroduces a r.ot deformation of 0.646 inches

per inch which easily accommodates expansion at that terr,perature. 

Johnston also studied the effect of Vc,rious 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 erey 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 (20)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. 



III • LA BORA TORY 'dORK 

A. Preparation of the mixes.

Each batch of sand was to contain, on a dry basis, 8.0% sea
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coal, 7.0% Southern bentonite, and 85% pure silica sand. The dry 

constituents were weighed out and charged into a Simpson mixer. A 

pre-calculated w eight of water was added to the dry mix and the batch 

was mulled for five minutes. The &�ount 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 t wo suc

cessive mixes was 0.5%. After mixing, each batch was sealed in a 

glass jar until needed� 

B. Preparation of standard samples.

Standard specimens were made from each mix using AFS standard

sand ramming equipment. To mc.ke 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" !. 0.00111
• Thus, the finished sam

ple was a right circular cylinder with a diameter equal to that of

the steel cylinde�. 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 w-de from each mix whose moisture was 1.5%,

2. 5%; etc. The duplicate samples w ,::re used to check the reproduc

ability of the results. 



C. Preparation of the sand molds.
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The molds into which the stand0 rd specimens would be placed were

made using the heap sand available in the foundry. The pattern used 

in ea,ch mold was of wax and had been made by pourir:g molten paraffin 

wax into the same cylinder used in making the standard specimens. Af

ter removal of the wax pattern f rom the steel cylinder, it was sec

tioned longitudinally. T.�is produced a split pattern which facilitated 

the molding operation. 

Using the pattern described above, the sand mold contained a 

cavity two inches in diameter and four inches in length. The molds 

were so constructed that the lo�ger axis of the mold cavity was 

horizontal. An illustration of the specimen in the mold cavity may 

be found in Fipure l 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 before pouring, the mold was opened and the stcrndard 

specimen was placed in the caviLy in a horizontal position at that 

end of the cavity opposite the g ate. This arrangement allowed the 

molten metal to f'low into the mr,ld cavity and lie against the one 

base of the standard specimen. Thus, the specimen was heated only on 

one end and a temperature gradient developed within the specimen. 

�- Testinp for volatile content. 

After the castings had cooled, each spc�cimrm was removed from 

the r:1old and sectioned lonfi tudina lly wi tr: a hncksaw blade. One half' 
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of the secti(,ned sar.ipl-; was th-·m used to test for the volatile con

tent at specific distances fr,,m the end against which the metal r.ad 

lain. 
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Sao.ples were tak�n fro� the sectioned cyljnder at distances of 

l/8 11
, 3/811

, 5/8 11
, 7 /811

, 1-1/8", 1-3/811
, 1-5/8", and 1-7 /811 from the 

heated end. mch sar,,ple ·,-.,as then dried in an oven for one hour at 

ll0
°

F. This temperature was c;-;osen in preference to one more nearly

approaching the boiling point of water to insure little or no vol

atilizati(·,n of constitui:mts oth,,r than water during the drying per

iod. 

After drying, each sa.m:")le was..eigh�d and the weipht recorded. 

The sample was nlaced into a boF. t and the boat was placed in a tu'ce 

furnace at a temperature of 950
° C. To avoid burning the coal, argon

flowed t hrough the furnace to maintain a neutral atmosphere id th 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 rr.uch cooler zone of the furnace for fcur minutes. This 

broufht the temperature of the sample clo...m low enoue,h to eliminate 

the dan£er of 1·,urning the samplP. wtlen the boat was taken out of the 

furnace and the sa.mpl� was P-xpos,d to the atmosphere. 

After the s arr:ile was removed from the furnace, it was reweighed 

and the fjnal we:icht recorded. Toe loss in ·,:td i ht was calculated for 

each sampl=: and e.xriressed as a per cent of the oriE:inal weight. An 

illustr�; tion of the specim,'.n, shOidnf the ,,osi tions from which the 

samples were removed, can b� found in Pirure 2. cm the follm-:inp- !)&..[e. 
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F. Testing for losses not due to volatiie content.

The testin£ described above was carried out on the assumption
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that the weight loss corresponds to the volatile content of t he 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 wa2. 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 the same 

manner as described above. After drying, t he samples w�re tested in 

the tube furnace, again, as described above. It was found that the 

loss in weight from these samples wa.s fairly consistent and equal to 

O. 738% of the weieht of the sample. ·v,/r1ile no definite rr:3a son can be 

given for this additional weight loss, it is assumed that the loss 

is due to moisture not driven off during the drying period md to 

moisture which is chemically combined with the clay. It shou ld be 

noted that the reasons for this additional loss are not of £reat 

importance with respect to the problem. What is of importance is that 

the value of O. 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 volatile content, using

the same procedure as outlined above. The average volatile co ntent of 

the sea coal i...-as found to be J9.JO%. As the sda coal constituted 8.0% 



of each mix, it was calculated that the mixture of sand, clay, s ea 

coal nnd water contained 3 .14% volaUles befor·, being subjected to 

the heat of the molten metal. This value was us3d to determine the 

change in volatile content due to the heating of' the san1ple. The 

data for this determination are found in Table II on page 27. 
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TABLE I - DATA ii.ND RESULTS FOJ. TH� D.STERMINATION OF WEIGHT LOSS 

NOT DUE TO 'IH� VOLATILE COi·jT.EJ\JT OF THE S-2:J.. COAL 

Original ':Jeight Final ·,·Jeight Weight Loss Per Cent Loss 

0.941 gm. 0.934 gm. 0.007 gm. 0.744% 

0.820 gm. o.8il4 gm. 0.006 gm. o. 732%

0.813 gm. 0.807 gm. 0.006 gm. 0.738% 

Average height Loss = O. 738% 
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TABLE II - DATA AND RESULTS FOR THE DET.2:RM1NATI0N OF TH.ii; VOLATIL.2 

CONTENT OF ';.n.S S�A COAL 

27 

Original Weight Final :Jeigh t Weight Loss Volatile Content 

0.673 gm. 0.406 gm. 0.266 £)Tl• 39.5% 

0.720 gm. 0.438 gm. 0.282 gm. 39.2% 

o.288 gm. 0.174 gm. 0.114 gm. 39.5% 

0.489 gm. 0.2:;,8 gm. 0.191 gm. 39.0% 

Average Volatile Content = 39-3% 



IV. DI�CUSSION OF R2SULTS

The results obtained from the laboratory ivork can be seen in 

Table III on page 34 . Ths same data has been presented graphically 

in Figures 3 through 15 immediately following this discussion. 
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For e2se of explanation the experimental results may be cate

gorized under two tonics. The first catet"ory concerns result:=; dealing 

with the change in volatile content within each sarr�le. 

The graphs of the V?.riation in volatile content as a function 

of distance from the heated face show thRt virtually all of the 

volatile matter in every sample had been driven off in that zone 

which was l/8 11 from the specimen-metal interface. This was expected, 

as this zone was exposed to the intense heat of the molten metal 

with very little protectjve cover. 

The same graphs show that there is a rather large decrease in 

vola t:i le content J/8 11 from the heated face. The magnitude o.f the loss 

in volatile content at J/8 11 was smaller than that of the loss at the 

l/8 11 level. This is understandable in view o.f 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 11 

from the heated .face, althou[h 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 ?/8 11 from the heated face was 

also quite small. 
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It is evident from the graphs th:;t little or no volatile mattar 

was lost at a distance of l-l/811 from the heated face. Furthermore, 

it was found th&t there was no loss of volatiles in any of the zones 

further away fro,n the h �at. Thus, it was concluded that the heat of 

the molten metal affected 0:1.ly that portion of the sample lying with-

in 7 /s n of the source of heat. i',lso, the effect of the heat was slight 

in those areas which were not within 3/8 11 of the specimen-metal inter

face. 

Thus, in summary, the result� showed that there was a very large 

decrease in volatjle content (virtually 100% of the original volatile 

content) nccar the casting. The loss in volatile content became less 

as the distance from the casting increased imtil, at about 1-1/8" 

from the source of heat, the heat had no effect upon the volatile 

content of the sand. 

Very closely connected with the problem of determinine; the ef

fects of the heAt upon the volatjlization process is the problem of 

determj ning how the volatile products recond,msed in the specimen. 

Upon examination of the data and the graphs, it was evident that 

th0re was little or no recondensation of the volatile matter within 

the specimens. It aln1ost goes without saying that little recondensa

tion is to be expected within 7/811 of tne heated face, as the results 

show that volatiles were being driven off in this entire section of 

the sample. Thus, an examination of the data for that portion of 

each s:1ecimen from 1-1/s n to 1-7 /8 11 will be sufficient to determine 

whetr.er or ,,ot there was any substantial arnount of recond8nsation 

ta\<ing place within the specimen. 
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Such an examination of the v,;latile contents of these zones 

showed that there is no evidence of substantial recondensation of 

volatiles in any of these zones. In so�e 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 slightly higher than that of the original sand. In view of 

this fact, it was d ecided 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 from t 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 the'.,e 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 sea 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 per cent moisture. 1he weiFht 

of volatiles which was recondensed was also calculated for these speci

mens. The results of these calculations, which can be found in Table IV 

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 water content uoon the volatilization and recondensation 

processes taking place in the sand. In dealing first with the recon

densation, it can be seen f rom 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 l-l/8 11 to 1-7/8 11 

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 11 to 1-1/8 11 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. In 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 line 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 i�perhaps, 

seen more clearly here. In general, at 3/8tl fron the source of heat, 

most of the samples had a volatile content on the order of O. 90%, 

corresponding to a loss of 2.241 during pouring of the mold. The 

average volatile content at 5/8 11 was a bout 2.75%, which is a loss of 

0.29% during pourine. At 7 /8!' the averape volatile content retained 

in the samples was a bout J.05%, corresponding to a loss of 0.09%. At 

l-l/811 from the heated face, the average volatile content was seen to

be about 3.10%, \vhich corresponds to a loss of only 0.04% volatiles 

during pouring of the mold. 

The second important aspect of each line was the slope of the 

line. 1his is perhaps of even more importance than t he 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 had been seen from an examination of the graphs of the 

variation in volatile content within each sample. However,the slope 

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 s&mples, no graph could be 
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dra\ro for this zone. The slope is negative for the 3/8 11 and 5/8 11 zones 

and is positive for the 7/8 11 and l-l/8 11 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 upon the 

per cent volatile content in the volatilization zones of the sample 

after it has been subjected to the heat of the molten metal. 

Tnese 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 increased. 



34 

TABLE III - RESULTS OF DETi;RMINATI 'N OF VOLATILL CONTJJT WI1BIN SAI,:?LE 

Sample No. %1; 20 

1 1.0 

lA 1.0 

2 1.5 

3 2.0 

JA 2.C

4 2.5 

5 3.0 

5A 3.0 

6 3.5 

7 4.0 

7A 4.0 

8 4.5 

9 5.0 

9A 5.0 

All values for per 

Per Cent Volatile Content 

l/8 11 3/8 11 5/8 11 7/811 l-l/8 11

o.oo 0.73 J.05 2.90 3.21

o. on oJ:J_) 3.07 2.87 J.02

o.oo o.r:9 3.03 2.82 3.43

0.17 1.23 2. 57 3.16 J.15

o.oo 0.79 3�06 2.81 �-73

0.00 l.lL;. 2.74 3.14 3.05 

o.oo 0.61 2.76 J.04 3.24

o.oo 0.97 2.70 J.02 3.04

O.OJ 0.96 J.18 3.23 2.77

o.oo 1.02 2.84 3.22 2.94

o.oo 0.97 2.88 3.11 3.13

0.05 8.88 2.74 3.15 3.27 

o.oo 0.81 2. 58 2.61 3.08

o.oo 0.7'2. 2.73 2.73 3.05

1-3/811 1-5/8 11 

J.2J J.lJ 

2.95 3.03 

J.65 3.42

J.20 J.18

2.f.8 2.93

3-47 3.11 

3.40 J.17

J.21 2.93

3 .43 2.84 

2.81 3.14 

2.95 2.91 

J.62 J. 54

2.77 3.52 

3.11 3.37 

l-q.'/811

3 .07 

J.04

3.38 

3.16 

2.69 

3.06 

3.03 

2.84 

2.74 

J.21

J .08 

3.36 

3.21 

3.33 

cent volatile content have been corrected by sub-

tracting 0.738% from the original weight loss. 
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TABLE IV. PRODUCTS VOLAT!LIZr:D .�J-;D Ri'.;CONDENSBD WITHIN .2'.ACH Sd,:PL� 

Per Cent Moisture 

1.0 

2.0 

3.0 

4.0 

5.0 

Weight Volatilized 

1.2 gm. 

1.3 gm.

1.1 gm.

1.1 gm.

1.2 gm. 

Weight Recondensed 

o.o gm.

o.o gm.

o.o gm.

o.o W•

0.1 gm.
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V. CONCLUSIONS

Even 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 coolin£ 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 sarne 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 
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specimen c;flt-:r 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 

50 

a decrease in the volatiles remaining in the sand, it is conclc1ded 

thcit 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 prevj ously, the increased water content w as ex

pected to have 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 which the sand 

was subjected were rt�latively low, the cooling effect of the water 

would be expected to be of great signific&r.ce. However, it should be 

remembered that the iron was poured into the meld at a temperature 

of 2600 - 2700
° 

F. l. s the !)Ouriq: tcn.perature was sc ;ruch £rea ter than

the boiling point of water, it is understandable that t he water con

tent would contribute only an insignificant amount of cooling in the 

sand. In order to exhibit a substantiRl cooling effect in the sand, 

water would hove to be present in such a great quantity that it would 

make t.he use of such a sand as a molding material impossible. 

The sece:md basic assumption unrkr which the experiment was car

ried out was that the volatile products which were driven off from 

those zones ne;.;rest the heat would diffuse througjr the specimen, in 

a direction away from the heated face, and, at some po:lnt where a 

sufficiently low temperature prevailed, the volatiles would recon

dense within the specim�n. Howevar, frorr. the experimental data, it 

was shown that there was little recondensation of volatiles within 



the specimen, even in those areas which were rather far from the 

heated face. If, as must be concluded flrom 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 b;y Reichart and 

Woolley�18 )These investigators have a rgued 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 V('latile 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 e vident in any of the 

specimens proves that the volatile matter did not travel away from 
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the mold-metal interface. As there is no other means of escape except 

along the sides of the mold cavity, it must be concluded that Reichart 

and Woolley were correct a nd that the escaping gases do form a t hin 

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 uncertain� 

However, it is safe to assume that the film is present and could 

possibly act to improve the surface finish. 

Thus, the la�oratory investigation has served to shed sorne light 

on the explanation of the action of sea coal in the molding sand 
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durine; pouring e.nd, at the same time, has added to a solution of the 

more pr� ctical problem - how the foundryman can control. the additions 

of sea coal to the molding sand. In the more theoretical sense, 

there is evidence to prove that the vnlat:le products are present 

along the edges of the mold cavity and help to improve the surface 

finish of the castinp. 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 he 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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