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[5 7] ABSTRACT 

A synthetic slag composition for continuous casting of steel 
which has in combination chemical and thermal stability, 
plastic deformation point, ?owidity and solubility for alumina 
properties which make the slag composition particularly suita 
ble for producing high-quality continuous castings substan 
tially free of surface defects from steels containing aluminum. 

9 Claims, No Drawings 
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CONTINUOUS CASTING SLAG AND METHOD OF 
MAKING 

This application is a continuation~in-part of application Ser. 
No. 7,464, ?led Feb. 2, I970, now abandoned. 
The present invention relates generally to continuous cast 

ing of steels and more particularly to improved synthetic slag 
compositions for use in the continuous casting of steels. 

In the continuous casting of steels, it has heretofore been 
found that improved casting results are obtained by providing 
on the upper surface of the molten steel in a continuous cast 
ing mold a protective layer of synthetic slag. Many different 
compositions have been proposed for use as the synthetic slag 
in a continuous casting mold, including blast furnace slag, win 
dow glass, bottle glass, and sodium silicate glass which have 
heretofore been referred to as “low viscosity” slags. Borax has 
also been proposed for use in the continuous casting of steel as 
a low~viscosity slag. 
The prior art continuous casting slags which have been 

proposed for use in the continuous casting of steel possess one 
or more desirable properties, such as forming a protective 
sheath between the molten steel in the mold and the mold 
walls, reducing friction between the steel casting and the mold 
wall, improving heat transfer between the steel casting and the 
mold wall, keeping the surface of the molten steel insulated 
against excessive heat loss, and preventing oxidation of the 
molten steel surface. 

In addition to the previously disclosed desirable properties, 
however, a satisfactory slag composition for the continuous 
casting of steel should also have good chemical and thermal 
stability while in contact with the molten steel in order to 
avoid producing objectionable fuming, toxic gases or decom 
position products capable of being absorbed by the molten 
steel and causing objectionable contamination of the steel. 
The stability of the slag composition is also important where 
decomposition or vaporization would result in signi?cantly 
changing the physical and/or chemical properties of the slag at 
the elevated temperatures which exist in the continuous cast 
ing mold. 

It has now been found very important that the slag composi 
tion also have a high solubility for aluminum oxide which 
frequently is the cause of surface defects in a steel casting or in 
the rolled steel sheet materials produced therefrom, particu 
larly when casting aluminum killed low-carbon steels which 
contain relatively large amounts of aluminum oxide. 
An additional characteristic which has been found impor 

tant in a continuous casting slag to be used in casting alu 
minum killed steel or the like is that the slag possess a com 
bination of “plastic deformation point” and “?owidity" pro 
perties along with the high “alumina solubility" (See page 13 
for de?nitions of the foregoing terms) which is capable of 
providing in the continuous casting mold a relatively thick 
layer of fused slag on the surface of the molten steel pool 
maintained in the continuous casting mold to e?ect removal 
of substantial amounts of aluminum oxide from the steel, 
while at the same time permitting a continuous and uniform 
flow of slag over the lateral surfaces of the steel casting 
without consuming excessive amounts of slag during the con 
tinuous casting operation. 

It has further been found important that a continuous cast 
ing slag for use in casting aluminum killed steel or the like pos 
sess characteristics which improve the heat transfer from the 
continuous steel casting to the water in the secondary cooling 
zones after the casting is withdrawn from the continuous cast 

> ing mold. 

None of the prior art continuous casting slag compositions 
possess all of the foregoing properties which have now been 
found to be extremely important requisites of an effective slag 
capable of providing continuous steel castings substantially 
free of surface defects, and particularly from steels containing 
signi?cant amounts of aluminum oxides. 

It is therefore an object of the present invention to provide 
an improved synthetic slag composition which facilitates the 
production of high quality steel continuous castings from 
steels containing aluminum oxides as objectionable inclusion 
materials. 
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2 
It is a further object of the present invention to provide an 

improved synthetic slag composition which can be used effec 
tively in continuous casting operations without fuming or 
creating other hazardous and objectionable operating condi 
trons. 

It is another object of the present invention to provide an 
improved synthetic slag composition which is substantially 
chemically and thermally stable when used for the continuous 
casting of steel. 

It is also an object of the present invention to provide an im 
proved synthetic slag composition which has a high solubility 
for aluminum oxides contained in molten steel. 
A further object of the present invention is to provide a 

synthetic slag composition having plastic deformation point 
and ?owidity properties which provide an improved slag layer 
for the continuous casting of steel. 
A still further object of the present invention is to provide a 

synthetic slag composition which markedly improves the heat 
transfer from the continuous steel casting to the water in the 
secondary cooling zones after the casting is withdrawn from 
the continuous casting mold. 

Still another object of the present invention is to provide an 
improved process of formulating and preparing a synthetic 
slag composition for the continuous casting of steel. 
Other objects of the present invention and the scope of the 

present invention will be fully understood by those skilled in 
the art from the following detailed description and claims 
when read in conjunction with the accompanying drawing; 
wherein 

FIG. 1 is a graphic representation of the relationship 
between the observed plastic deformation point and the 
?owidity exhibited by the slag compositions coming within the 
scope of the present invention; and ' 

FIG. 2 is a perspective view partially in vertical section of 
apparatus used for measuring the ?owidity of the slag com 
positions of the present invention. 

It has been found that the foregoing objects and other ob 
jects of the present invention can be achieved by providing a 
synthetic slag composition which is substantially nonfuming, 
and substantially chemically and thermally stable when used 
for continuously casting steel, which exhibits an alumina solu 
bility in excess of 20 percent by weight, a plastic deformation 
point between about l,lO0° F. and about l,700° F., and a 
?owidity between about 2 inches and about 16 inches, and in 
which the batched mixture of the slag components prior to fu 
sion has a chemical composition falling substantially within 
the following ranges: 

SiO, — 10% to 55% by wt. 
CaO - 0% to 40% by wt. 

CaF, _ 5% to 40% by wt. 
Na2O+K,0 (either or both) 
Li,O+LiF (either or both) 

5% to 30% by wt. 
—0.5‘1 to IS‘Z by wt. 

8,0, — 0 to 30% by \l-‘l. 

B,O=CaF,+LiF — greater than 15% 

by weight. 

It has been further found that the plastic deformation point 
and the flowidity of the slag composition of the present inven 
tion have the empirically determined relationship with the 
batched chemical composition of the slag expressed by the fol 
lowing equations: 

Plastic 
Deformation 
Point 

Flowidity (inches) 
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In the above equations the “wt. percent" for each 
designated oxide or ?uoride corresponds to the weight per 
cent in which the indicated oxide or ?uoride is present in the 
batched material before heating to form a uniform melt (i.e., 
“prefused slag"). 

It will be evident from the foregoing equations and the 
chemical composition ranges speci?ed for the oxides and 
?uorides that there can be considerable variation in the pro 
portions in which the oxides and ?uorides can be combined 
and that the compositions of the present invention can have a 
considerable range in the ?owidity and plastic deformation 
point thereof without departing from the scope of the present 
invention. FIG. 1 of the accompanying drawing shows graphi 
cally the operating limits and the preferred ranges of the 
plastic deformation point and the ?owidity of the slag com 
positions of the present invention. The rectangular area 
de?ned by the points ABCD in FIG. 1 shows the operating 
limits of the plastic deformation point and ?owidity of the slag 
compositions which have been found to produce improved 
continuous steel castings in accordance with the present in 
vention, and the area de?ned by the points ACEF shows the 
preferred ranges. In the preferred embodiments of the present 
invention, when the plastic deformation point of the slag com 
position is near the upper limit of the speci?ed range, the 
?owidity of the slag preferably should also be in the upper 
limit of the specified ?owidity range; and if the plastic defor 
mation point of the slag composition is in the lower part of the 
speci?ed range, the ?owidity of the slag can be in the lower 
part of the ?owidity range. A slag composition having a rela 
tively low plastic deformation point and a relatively high 
?owidity within the herein speci?ed ranges produces a 
satisfactory continuous casting, but the consumption of the 
slag will be higher than with the preferred embodiments. 
The slag composition of the present invention can be 

prepared from a wide variety of raw materials which contain 
or which when heated produce the oxides and ?uorides in the 
amounts required to provide the herein speci?ed slag com 
positions. For example, sodium silicate can be used as a source 
of silicon dioxide and sodium oxide; window glass can be used 
as a source of silicon dioxide, sodium oxide and calcium oxide; 
?uorspar can provide the required calcium ?uoride; metal 
carbonates can be used as the source of the corresponding 
metal oxides; and borax can be used as the source of the boron 
trioxide and sodium oxide. Compounds containing water, 
however, such as calcium hydroxide or hydrated lime should 
be avoided, because some ?uoride would be driven off with 
the water during the fusion process. If desired, any one of the 
individual decomposable source of materials, such as sodium 
carbonate, from which an oxide or a ?uoride speci?ed in the 
formulation is produced on heating can be heated before 
batching to provide the desired oxide or fluoride. it should 
also be understood that oxides and ?uorides which are 
equivalent to the herein speci?ed batched chemical composi 
tion can be substituted without departing from the disclosed 
invention. For example, barium oxide, magnesium oxide and 
strontium oxide can be substituted for part of the calcium ox 
ide, if desired. 
when preparing the batched mixture of the several oxide 

and fluoride-containing material from compounds and materi 
als other than the chemically pure ingredients speci?ed, the 
impurities present therein should be taken into consideration 
when calculating the amount of oxide or ?uoride ingredient 
required in the batched mixture or slag composition. 
Likewise, when using a thermally decomposable compound, 
such as a metal carbonate, as a source of an oxide ingredient, 
the amount of the decomposable compound used should be 
adjusted to provide the required amount of oxide in the 
batched mixture. 
When selecting compounds or materials other than the 

chemically pure oxides and ?uorides for preparing the slag 
compositions of the present invention care should also be used 
to keep to a minimum extraneous impurities and to avoid par 
ticularly including therein impurities which would be detri 
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4 
mental to the steel or the slag composition. Thus, the man 
ganese oxide and iron oxide content of the slag ingredients 
should be kept as low as possible, because these oxides will ox 
idize any aluminum or silicon in the steel. Also, oxides of ele~ 
ments which are readily reduced by molten iron, such as ox 
ides of nickel, cobalt, lead, copper, molybdenum, tungsten 
and phosphorous, should not be included in the slag forming 
materials, unless it is desired to include such an element in the 
particular steel being produced for some metallurgical reason. 

Particular attention should be given to the alumina content 
of the raw materials used in preparing the slag composition, 
since the alumina solubility of the slag composition is reduced 
by an amount almost directly proportional to the initial alu 
mina content of the slag composition. For example, if the ini 
tial slag composition contains 2 percent by weight alumina, 
the sum of the percentages by weight of the boron trioxide, 
calcium ?uoride and lithium ?uoride in the slag composition 
must be in excess of about I7 percent by weight, or in other 
words about 2 percent above the lower speci?ed limit of 15 
percent required when the initial slag contains negligible 
amounts of alumina. 

In some steel continuous casting operations the boron triox 
ide content of a slag should not exceed about 2 percent by 
weight of the slag, since more than 2 percent by weight boron 
trioxide in the slag can result in increasing the boron content 
of some steels to a level which is objectionable. 

in most steels a small increase in the normal boron content 
of the steel is not objectionable. However, boron trioxide has a 
high-vapor pressure at the temperature of molten steel in a 
continuous casting operation, and can be present in a satisfac 
tory synthetic continuous casting slag only in limited amounts. 
For example, it is an inherent characteristic of a borax slag or 
a slag having a high-boron trioxide content to fume badly, and 
when used as a slag layer in the continuous casting of steel 
these slags create very objectionable and commercially in 
tolerable operating conditions. It has been found, however, 
that when the boron trioxide content does not exceed 30 per 
cent by weight of a slag composition and has the herein 
speci?ed composition, there is no objectionable fuming of the 
composition during the continuous casting of steels. 

It will be further evident from the herein disclosed equa 
tions showing the relationship between plastic deformation 
point or ?owidity and the chemical composition of the slag 
that the lithium content of the slag, either as lithium ?uoride 
or lithium oxide, has by far the greatest effect on the ?owidity 
and plastic deformation point of the slag composition, and 
lithium ?uoride and lithium oxide when used even in small 
amounts have a very substantial effect on both the ?owidity 
and the plastic deformation point of the slag. 
The slag compositions of the present invention are 

preferably prepared by mixing in the required amounts the 
several oxides and the ?uorides or the oxide and ?uoride-con 
taining materials to form the batched material or mixture and 
heating the mixture to a temperature su?'iciently high to 
produce a uniform solution or melt (i.e., “prefusion”). 
Preferably, the temperature to which the batched material is 
heated to produce a uniform solution of the slag constituents 
is only slightly above the plastic deformation point and 
thereafter heating is discontinued. Care should be taken to 
avoid overheating the batched material, as temperature sub 
stantially above about 2,700" F. will volatilize certain of the 
important ingredients of the slag, such as the alkali metal ox 
ides, ?uorides and boron oxides. The resulting “prefusion" or 
prefused slag on cooling can be used as-fritted but preferably 
is ?rst ground or otherwise ?nely divided to a powderlike con 
sistency, preferably having a maximum particle size of about 
20 mesh (U.S. Std.) and preferably having at least 50 percent 
by weight passing through a 100 mesh screen (U.S. Std,). The 
slag material without further treatment or special handling can 
be introduced into a mold in solid particulate form to provide 
a slag layer on the surface of the molten metal in a continuous 
casting mold. If desired, however, the particular slag composi 
tion can be uniformly mixed with ?nely divided carbon 
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material. such as graphite, lamp black, coke or charcoal, in an 
amount between about 1 percent and about 10 percent by 
weight of the slag composition. 

In use the as-fritted or the powdered slag composition or 
slag-graphite mixture can be added to a continuous casting 
mold directly on the surface of the molten steel to form a layer 
of molten slag having a thickness of at least about one-half 
inch and preferably a layer having a thickness of from about 1 
inch to about 2 inches. The layer of slag is maintained 
throughout the continuous casting process by periodic or con 
tinuous additions of the powdered slag mixture. When casting 
of aluminum killed low-carbon steel slab having dimensions of 
8 inchesX37 inches at a casting rate of about 80 inches per 
minute, a typical slag of this invention is used at a rate of about 
1.3 lbs. per ton ofsteel cast. 

In order to further illustrate the present invention, the fol 
lowing speci?c examples are provided without, however, 
limiting the invention to the speci?c materials or the propor 
tions used in the speci?c examples. 

EXAMPLE 1 

A uniform fusion mixture was prepared by heating the 
speci?ed oxides and ?uorides batched in the following propor 
tions: 

Nago l5 percent by wt. 
SiO2 2| percent by wt. 
C110 23 percent by wt. 
CaF2 17 percent by wt. 
LiF 3 percent by wt. 
B:O_1 21 percent by wt. 

The solidi?ed slag was reduced by grinding to form slag 
granules having a maximum particle size of about 20 mesh 
(U.S. Std.) with about 50 percent of the granules passing 
through a 100 mesh screen (U.S. Std.). 
The slag had a measured ?owidity of 10.9 inches, a calcu 

lated ?owidity of l 1.5 inches, a measured plastic deformation 
point of 1,500° F., a calculated plastic deformation point of 
1,493a F., and an alumina (A1203) solubility of 32 percent by 
weight. The measured ?owidity and plastic deformation point 
were determined by the herein described procedures and the 
calculated values were obtained by applying the herein dis 
closed equations using the chemical composition of the 
batched slag mixture. 
The apparatus used to determine the ?owidity of the slag 

compositions of the present invention and shown in FIG. 2 of 
the accompanying drawing is a split mold 10 comprising half 
mold sections 11, 12 cast or machined of low-carbon steel. 
The mold sections 11, 12 when operatively assembled, as by 
clamping together the two half mold sections ll, 12, form a 
vertically disposed funnel or conical portions 13 having an in 
ternal diameter of about 3 inches and an external diameter of 
3 5/8 inches at the upper end and an internal diameter of 5/8 
inch at the lower or discharge end thereof. The internal lateral 
surface of the conical portion 13 forms an angle of 39.5“ with 
the vertical axis of the conical portion 13. A conical recess 14 
formed by the conical portion 13 is adapted to receive the test 
sample ofmolten slag. A rectangular base section 15 connects 
with the lower end of the conical portion 13 and de?nes a 
cylindrical well 16 having a diameter of ?ve-eighths inch and a 
depth of about three~fourths inch. The base section 15 has 
rectangular section 17 extending horizontally from one side 
thereof with an axial bore or conduit 18 extending 
therethrough and having a circular cross section one-fourth 
inch in diameter and a length of about 20 inches. The conduit 
18 intersects the lateral cylindrical well adjacent the lower end 
of the well 16 and provides an outlet passage for the slag test 
sample introduced into the conical recess 14 which serves as a 
funnel to feed the test sample into the conduit 18 until the 
sample solidi?es in the conduit 18. 
The “?owidity" of the slag as the term is used in the speci? 

cation and claims is the distance in inches which the slag com 
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6 
position ?ows through the conduit 18 before solidifying when 
200 gms. of the prefused slag at a temperature of 2,600° F. is 
rapidly poured into the conical recess 14. The pouring 
technique and timing of the test procedure should be stan 
dardized to obtain consistent results. The temperature of the 
mold, within normal operating limits, has little effect on the 
measured “?owidity". 
The “plastic deformation point“ of the slag as the term is 

used in the speci?cation and claims is determined by heating 
about a 20 gram piece of the solidi?ed prefused slag which is 
obtained from the above ?owidity test at a rate of about 50° F. 
per minute and pressing a graphite rod (or an alumina or other 
suitable rod) against the piece of slag at frequent intervals as 
the temperature rises, and the temperature at which the piece 
of slag plastically deforms under a slight pressure is the “ 
plastic deformation point." 
The “alumina solubility" of the slag as the term is used in 

the speci?cation and claims is determined by placing 50 gms. 
of the prefused slag in a pure alumina crucible approximately 
3 inches in diameter, about l-inch high with a wall thickness 
of about one-eighth inch, heating to a temperature of 2,600" 
F. and holding at 2,6000 F. for a period of 1 hour. The slag is 
analyzed for alumina content before and after the test 
procedure, and the increase in weight percentage of alumina 
in the slag is taken as the “alumina solubility” of the slag. 
The particulate slag composition after mixing with 5 per 

cent by weight ?nely divided ?ake graphite (—lOO mesh, U.S. 
Std. and 88-94 percent carbon) was used in a continuous cast 
ing apparatus, was nonfuming and produced excellent casting 
results. 

EXAMPLE 2 

A uniform fusion mixture was prepared by heating the 
speci?ed oxides and ?uorides batched in the following propor 
tions: 

Nazo 22.0 percent by wt. 
CaF2 24.0 percent by wt. 
SiO2 33.4 percent by wt. 
CaO 110 percent by wt. 
LiF 7.0 percent by wt. 
K10 2.6 percent by wt. 

The solidi?ed melt was then reduced by grinding to form 
slag granules having a maximum particle size of about 20 mesh 
(U.S. Std.) with about 50 percent passing through a 100 mesh 
screen (U.S. Std.). 
The foregoing slag composition had a measured ?owidity of 

8 inches, a calculated ?owidity of9 inches, a measured plastic 
deformation point of 1,490° F., a calculated plastic deforma 
tion point of 1,520° F. and an alumina solubility of4l percent 
by wt. The ?owidity, plastic deformation point, and alumina 
solubility of the slag composition were determined as 
described in Example. 1. 
The slag composition of Example 2 after mixing with 5 per~ 

cent by weight ?nely divided ?ake graphite (—l00 mesh, U.S. 
Std. and 88-94 percent carbon) was used in a continuous cast 
ing apparatus for casting aluminum killed low-carbon steel 
without fuming and produced excellent casting results. 

EXAMPLE 3 

A uniform fusion mixture was formed by heating the 
speci?ed oxides and ?uorides to form a uniform melt having 
the following chemical composition: 

8,0J 18.4 percent by wt. 
SiO2 23.0 percent by wt. 
CaO 28.6 percent by wt. 
Na,O 18.1 percent by wt. 
Cal-‘iI 9.5 percent by wt. 
LiF 2.4 percent by wt. 

The solidi?ed substantially homogeneous slag was then 
reached by grinding to form slag granules having a maximum . 
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particle size of about 20 mesh (U.S. Std.) with at least 50 per 
cent thereof passing through a 100 mesh screen (US Std). 
When the foregoing slag composition was tested as 

described in Example 1, the measured ?owidity was 10.4 
inches compared with the calculated ?owidity of 10.7 inches, 
and the measured plastic deformation point was l,500° F. 
compared with the calculated plastic deformation point of 
l ,5 39° F. 

EXAMPLE 4 

A uniform melt was formed by heating a mixture of oxides 
and ?uorides to form a prefused slag having the following 
chemical composition: 

810, 18.0 percent by wt. 
SiO, 26.4 percent by wt. 
(‘:10 31.2 percent by wt. 
Na,O 12.3 percent by wt. 
CaF2 8.5 percent by wt. 
LiF 1.4 percent by wt. 
A1,O=l 2.2 percent by wt. 

A solidi?ed fused slag was then reduced by grinding to form 
a powdered slag having a maximum particle size of 20 mesh 
(U.S. Std.) with at least 50 percent passing through a 100 
mesh screen (US. Std.). 
The foregoing slag composition when tested as in Example 1 

had a measured plastic deformation point of 1,540° E, com 
pared with a calculated plastic deformation point of 1,623° E, 
and a measured ?owidity of 10.2 inches compared with a cal 
culated ?owidity of 9.7 inches. The alumina solubility of the 
slag was 37 percent by weight. 

EXAMPLE 5 

A homogeneous prefused mixture was prepared by heating 
the following speci?ed oxides and ?uorides batched in the fol 
lowing proportions: 

Nn¢0 27.2 percent by wt. 
SiO, 52.8 percent by wt. 
CaFz 17.0 percent by wt. 
LiF 3.0 percent by wt. 

The solidi?ed melt when treated as described in Example I 
had a measured ?owidity of 2.4 inches and a calculated 
?owidity of 2.0 inches, a measured plastic deformation point 
of 1,580“ F. and a calculated plastic deformation point of 
l,574° F. The alumina solubility of the slag composition was 
30 percent by weight. 

EXAMPLE 6 

A prefused mixture prepared by heating the following 
speci?ed oxides and ?uorides batched in the following propor— 
tions: 

13,0a 4.0 percent. by wt. 
Na,0 10.0 percent by wt. 
CaF, 30.0 percent by wt. 
CaO 25.0 percent by wt. 
SiOz 23.0 percent by wt. 
U!‘ 8.0 percent by wt. 

The calculated ?owidity of the foregoing slag composition is 
13.3 inches and the calculated plastic deformation point is 
1,615° F. 
An important feature of the slag composition of the present 

invention is its ability to remove from the molten steel sub 
stantial amounts of the oxides of aluminum which are present 
in many steels, such as aluminum killed steels, and which tend 
to form objectionable inclusions in the surface of steel con 
tinuous castings. When casting steel which contains oxides of 
aluminum, such as A1203, it is important to prevent aluminum 
oxide particles being included in the surface of the continuous 
casting by providing a slag which will dissolve or otherwise 
remove aluminum oxides. It has been found that by combining 
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8 
a limited amount of boron~producing compounds or ?uoride 
salts with the other components of the slag composition of the 
present invention, it is possible to dissolve and retain in the 
slag large amounts of objectionable aluminum oxides, particu 
larly aluminum trioxide. And, by maintaining the combined 
weight percent of the B2O3+CaF2+LiF in the batched slag 
composition above 15 percent by weight, the slag will dissolve 
at least 20 percent by weight alumina based on the weight of 
the slag. A preferred slag of the present invention, for exam 
ple, when placed in contact with solid aluminum oxide 
(A1203) and maintained at 2,600” F. for a period of one hour 
in contact therewith will pick up about 37 percent by weight 
aluminum oxide (A1203). The relative solubility of aluminum 
oxide (Al-20a) in several slag compositions is shown in the fol 
lowing TABLE]: 

TABLE 1 

Slag Slag 
initial Final Slag 
A1,Oa A120, A503 
Content, Content. Pickup, 

Slag ‘% by wt. ‘1 by wt. Q by wt 

Composition of Speci?c 
Example No. 4 2.2 38.8 36.6 

Sodium Disilicatem 0.05 2.9 2.85 
Window Glass‘2| 0.92 3.8 2.88 

(1) Approximate composition - 64% SiO,_ 36‘7r NaZO. 

(2) Approximate composition — 70% SiO:, 20% Na,O. 1091' C20 

The data of TABLE 1 show that slags which do not contain 
any lithium fluoride, calcium ?uoride or boron trioxide such 
as the sodium disilicate and window glass slag, have a low solu 
bility for alumina, whereas a slag which contains lithium 
?uoride, calcium ?uoride and boron trioxide exhibits a high 
solubility for alumina. 
A ?ve pound quantity of powdered graphite was added and 

uniformly mixed with 100 pounds of each of the slags of Ex 
ample 3 and Example 4 in particulate form to provide slag 
graphite mixtures for use in the continuous casting of steel. 
Flake graphite having a particle size which passed through a 
100 mesh screen (U.S. Std.) and a carbon content of 88-94 
percent by wt. was used. 
When the slag-graphite mixture of Example 3 was used in a 

continuous casting slab mold 8 inches by 37 inches to produce 
a 100 ton heat of conventional aluminum killed low-carbon 
steel without causing fuming or producing objectionable con 
tamination, it was found from heat transfer studies that 28.3 
BTU’s were removed per pound of steel in the continuous 
casting mold, as contrasted with 24.4 BTU’s per pound of steel 
casting with a commercial slag composition having the follow 
ing approximate composition: Si02 37 percent, A1203 20 per 
cent, CaO 20 percent, MgO 5 percent and CaF-z 12 percent by 
weight. It has generally been found that the slag compositions 
of the present invention when used for the continuous casting 
of steel increase the heat transfer between the steel and the 
mold about 15 percent above that obtained with the use of 
traditional rape seed oil or with prior commercial continuous 
casting mold slags. Moreover, the slags of the present inven 
tion also increase the heat transfer in the secondary cooling 
zone after the casting leaves the mold by about 25 percent 
over any of the prior continuous casting practices. The im 
provements in both mold and secondary heat transfer make 
possible substantially faster casting speeds than with prior 
slags and, therefore, facilitate greatly increasing the tonnage 
output from a given continuous casting installation. 
Continuous steel castings were made from a steel having the 

following heat analysis: 0.05 C, 0.34 Mn, 0.017 P, 0.031 S, 
0.01 Si, 005410.042 Al in the above-described continuous 
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casting mold using (1) the slag of Example 4 and (2) the 
above mentioned commercial slag, and the resulting continu 
ous castings were processed into cold rolled steel by conven 
tional means. When the latter sheets were carefully inspected 
for surface defects, it was found that the steel sheets made 
from the castings produced with the slag of Example 4 were 
from 92 to 100 percent free of surface defects with only 8 per 
cent of the steel sheets having minor defects and none of the 
steel sheets having major defects. When the cold-rolled steel 
sheets produced with the above-mentioned commercial slag 
composition were examined, they were found to have 86 to 
lO0 percent with minor defects, 3 to 14 percent had serious 
defects, and there were no defect-free steel sheets. 

Cold-rolled steel sheets were also produced by continuously 
casting a steel having the foregoing analysis in the above 
described mold using (a) the slag of Example 4 mixed with 5 
percent by weight ?ake graphite and (b) a 100 percent borax 
slag mixed with 5 percent by weight ?ake graphite. The con 
tinuous casting of steel with the slag of Example 4 was without 
noticeable fuming, whereas the casting with the 100 percent 
borax slag was accompanied by profuse fuming. When the 
above steel castings were examined for surface defects, with 
100 percent scar?ng, the observed surface properties were as 
tabulated in the following TABLE ll: 

TABLE II 

Sheet lnspection Results ‘Z 

Defect Minor Serious 
Mold Slag Used Free Defect Defect 

Example No. 4+5? Graphite 97.0 3.0 0 
I00‘; Borax +5‘; Graphite 80.5 8.5 ll 

The slag compositions of the present invention exhibit a 
combination of properties which makes the slags particularly 
suited for producing high-quality continuous castings from 
steels containing appreciable amounts of aluminum, while 
avoiding the objectionable properties, such as objectionable 
fuming, decrease in ?owidity at high temperatures and con 
tamination of the steel, of the prior continuous casting slags. 
Of the herein disclosed compositions, the composition of 
speci?c Example 1 is a preferred composition where it is per 
missible for the slag composition to contain boron oxides, and 
the slag composition of speci?c Example 2 is a preferred com 
position where the slag composition is free of boron oxides. 

It should also be understood that while the relationship 
between the several chemical elements comprising the slag 
composition of the present invention is very complex in the 
fused state, when the oxide and ?uoride-containing materials 
are mixed in the batched formulation so that the batched 
material contains the specified oxides and ?uorides within the 
percentage ranges speci?ed and when the fused slag also con 
currently exhibits the ?owidity, plastic deformation point and 
alumina solubility properties within the ranges speci?ed there 
fore, the resulting slag composition possesses the improved 
casting properties disclosed herein for the continuous casting 
of steel resulting in better continuous steel castings and in im 
proved rolled sheet material having fewer surface defects. 
And, if the slag composition does not possess in combination 
each of the essential criteria speci?ed herein, the slag com 
position will not have the desired improved casting properties. 
However, where the slag composition does not possess, for ex 
ample, ?owidity or plastic deformation point properties falling 
within the ranges speci?ed herein, it is a simple matter for one 
skilled in the slag art to adjust the oxide or ?uoride content of 
the batched material to bring the value within the herein 
speci?ed ranges by utilizing the knowledge of those skilled in 
the slag art and the teaching of the present disclosure. 
We claim: 
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1. A synthetic slag-forming composition for use in an open 
ended continuous casting mold for producing steel continuous 
casting having a reduced incidence of surface defects consist 
ing essentially of fusible material which yields on fusion oxides 
and ?uorides and which forms on heating to complete fusion a 
substantially nonfuming chemically and thermally stable 
homogeneous liquid slag consisting essentially of fusible ox 
ides and ?uorides when in contact with molten steel within 
said continuous casting mold, said composition after fusion 
having as essential properties for producing said steel continu 
ous castings with reduced incidence of surface defects a 
?owidity which ranges between about 2 inches and about 16 
inches, a plastic deformation point which ranges between 
about 1,100” F. and about 1,700° E, and an alumina solubility 
in excess of 20 percent by weight, and said composition on an 
as-batched basis having a chemical analysis for fusible oxides 
and ?uorides consisting essentially of: 

. silicon dioxide within a range of 10 percent to 55 percent 
by weight, 

2. calcium ?uoride within a range of 5 percent to 40 percent 
by weight, 

. an alkali metal compound selected from the group con 
sisting of sodium oxide and potassium oxide within the 
range of5 percent to 30 percent by weight, 

4. a lithium compound selected from the group consisting of 
lithium oxide and lithium ?uoride within the range of 0.5 
percent to 15 percent by weight, 

5. calcium oxide in an amount up to 40 percent by weight, 
6. boron trioxide in an amount up to 30 percent by weight, 
and 

7. having the combined amounts of boron trioxide, calcium 
?uoride and lithium ?uoride in excess of 15 percent by 
weight, 

each of said oxides and ?uorides affecting said plastic defor 
mation point substantially in accordance with the following 
Equation A: 

b) 

Plastic Deformation 

, each of said oxides and ?uorides affecting said ?owidity sub 
stantially in accordance with the following Equation B: 

(Equation B) 

, and said boron trioxide, calcium ?uoride and lithium ?uoride 
affecting removal of alumina present in the form of inclusion 
material. 

2. A synthetic slag composition as in claim 1, wherein the 
said ?owidity and the said plastic deformation point values fall 
within the area de?ned by the points ACEF in the graph 
shown in FIG. 1 of the drawing. 

3. A synthetic slag composition as in claim 1, wherein said 
composition after fusion has a measured ?owidity of l0.9 
inches, a plastic deformation point of l,500° R, an alumina 
solubility of 32 percent by weight; and said composition hav 
ing on an as-batched basis a analysis for fusible oxides and 
?uorides consisting essentially of 

M20 l5 percent by wt. 
SiO, 2] percent by wt. 
CaO 23 percent by Wt. 

B20; 21 percent by wt, 
CaF2 17 percent by wt. 
LiF 3 percent by wt. 
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4. A synthetic slag composition as in claim 1, wherein said 
composition after fusion has a measured ?owidity of 8 inches, 
a plastic deformation point of 1,490° F. and an alumina solu 
bility of 41 percent by weight; and said composition having on 
an as-batched basis a chemical analysis for fusible oxides and 
?uorides consisting essentially of 

Na,O 22.0 percent by wt. 
SiO2 33.4 percent by wt. 
CaO 11.0 percent by wt. 
Cal:2 24.0 percent by wt. 
LiF 7.0 percent by wt. 
K20 2.6 percent by Wt. 

5. A synthetic slag composition as in claim 1, wherein said 
mixture after fusion has a ?owidity of 10.2 inches, a plastic 
deformation point of 1,540“ F. and an alumina solubility of 37 
percent by weight; and said mixture after fusion having the fol 
lowing chemical analysis for fusible oxides and ?uorides con 
sisting essentially of 

B103 18.0 percent by wt. 
SiOz 26.4 percent by wt. 
(‘20 3 l .2 percent by wt. 
M10 12.3 percent by wt. 
CaFz 8.5 percent by wt. 
LiF 1.5 percent by wt. 
AI,Oa 2.2 percent by wt. 

6. A synthetic slag composition as in claim 1, wherein said 
composition after fusion has a ?owidity of 2.4 inches, a plastic 
deformation point of 1,5 80° F. and an alumina solubility of 30 
percent by weight; and said composition having on an as 
batched basis a chemical analysis for fusible oxides and 
?uorides consisting essentially of 

Na,0 27.2 percent by wt. 
SiO, 52.8 percent by wt. 
CuF, 17.0 percent by wt. 
LiF 3.0 percent by wt. 

7. A synthetic slag composition as in claim 1, wherein said 
composition after fusion has a ?owidity of 13.3 inches and a 
plastic deformation point of 1,6I5° F., and said composition 
having on an as-batched basis a chemical analysis for fusible 
oxides and ?uorides consisting essentially of 
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12 
5,0: 4.0 percent by wt. 
Na,0 10.0 percent by wt. 
CaF, 30.0 percent by wt. 
CaO 25.0 percent by wt. 
SiO-z 23.0 percent by wt. 
LiF 8.0 percent by wt. 

8. A synthetic slag composition as in claim 1, wherein said 
composition has uniformly dispersed therein ?nely divided 
carbon material in an amount between about 1 percent and 
about 10 percent by weight of said composition. 

9. In process of preparing a synthetic slag composition for 
the continuous casting of steel, the improvement which com 
prises mixing oxide and ?uoride containing materials to form a 
batched mixture which has an oxide and ?uoride chemical 
composition falling substantially within the following ranges: 

Sic), l0‘; to 55% by wt. 
CaO 57: to 40% by wt. 
Cal‘, 5% to 409? by wt. 
KB,O+K,O (either or both} 
Li2O+LiF (either or both) 

5'1 to 30% by wt. 
0.5% to is’; by wt. 

8,0, 0 to 30% by wt. 
H,O,CaF,+LiF greater than 15'; 

by wt. 

said oxide and ?uoride content having the empirically deter 
mined relationship with the ?owidity and the plastic deforma 
tion point of said slag composition expressed by the following 
equations: 

Flowidity (inches) 

maintaining said ?owidity between about 2 inches and about 
16 inches, said plastic deformation point being maintained 
between about l,lO0° F. and about 1,700“ F., and maintaining 
the alumina solubility in excess of 20 percent by weight. 
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