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The present invention relates to steels and 
to a method of producing steel possessing an im 
proved combination of properties, and more par 
ticularly to aluminum-treated cast steels and to 
a method of consistently producing fine grained 
aluminum-treated cast steels possessing good 
ductility combined with soundness of metal, 

It is well known that in the industrial produc 
tion of cast steels of similar composition, and 
heat treatment, castings were often defective be 
cause of excessive porosity and/or because of 
low ductility. Heats of similar composition 
Sometimes yielded cast steel which possessed low 
ductility when solid (and properly heat treated), 
while at other times the metal possessed good 
ductility but tended to be unsound. This erratic 
production of cast steels resulted in products 
Which were Sometimes defective and Sometimes 
satisfactory, but which could not be consistently 
duplicated. The production of good Steel cast 
ings was an art requiring considerable skill and 
good fortune in order to obtain metal which did 
not possess the above mentioned shortcomings 
and which were characterized by freedom from 
porosity combined with good ductility. The 
properties of the resulting castings appeared to 
be influenced by numerous variables, including 
the type of charge used, the type of furnace used, 
the amount of boil, the furnace conditions, the 
slag, the amount and kind of deoxidants used, 
and many others which those skilled in the art 
could not control to consistently produce cast 
ings which Were Sound and poSSessed good 
ductility and other satisfactory properties re 
quired by the trade. 
In view of the erratic production of cast steels 

and in view of frequent production of castings 
with low ductility and/or excessive porosity, those 
skilled in the art were aware of the vexatious 
nature of the problem facing the art and were 
diligently attempting to Solve it. Many de 
oxidizers and degasifiers were proposed. The use 
of strong deoxidizers tended to promote low 
ductility when used in amounts sufficient to 
thoroughly degasify the steel. This was particu 
larly true when attempts were made to produce 
castings treated with Small amounts of alumi 
num. The use of a regular deoxidation treatment 
such as a manganese and silicon deoxidation 
also presented some problems. 
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stacle to the production of good quality cast 
steel, deoxidized in the regular manner with 
manganese and silicon, was the necessity for very 
accurate control of the iron oxide content of the 
molten steel. A high oxygen or oxide content 
often resulted in porosity, and a low oxygen or 
Oxide content promoted low ductility. Further 
more, no sufficiently rapid method for measuring 
the oxygen or oxide content of a molten steel 
bath was known. Thus, the assurance of sound 
neSS by the use of strong deoxidizers such as 
aluminum and silicon promoted low ductility and 
the use of manganese and silicon deoxidation did 
not assure the production of cast steel which 
was consistently sound and ductile in commercial 
practice. The use of Strong deoxidizers were 
Sometimes considered necessary to secure free 
dom from Subsurface porosity. Although many 
attempts were made to remedy the aforemen 
tioned shortcoming, none as far as I am aware, 
WaS entirely successful when put in commercial 
operation on an industrial scale in consistently 
producing Satisfactory results. 
I have discovered a method of producing cast 

steel free from the disadvantages and defects 
noted hereinabove which consistently makes 
Sound steel castings having improved physical 
properties, e. g., high ductility, etc., and devoid 
of porosity and which is capable of being carried 
into practice Satisfactorily and economically 
when operated on an industrial scale for the 
manufacture of commercial steel castings. I 
have also discovered that selenium and/or tel 
lurium not only desensitize the effect of sulfur 
but also produce pronounced grain refinement 
in Steels which in the absence thereof would be 
coarse grained. Both elements are weak de 
Oxidizers So that it is possible to produce a par 
tially killed fine grained steel whereas the usual 
grain refining elements, such as aluminum, 
titanium, vanadium and the like, have always 
been strong reducing elements or strong carbide 
formers or both. The term 'fine grained steel' 
as used herein is in accordance with general 
metallurgical usage and means that the grain 
size is Small after cooling through the transfor 
mation temperature, as in normalizing; other 
types of tests such as the McQuaid-Ehn test simi 
larly show the grain refining effect of selenium 

The biggest ob- 50 and/or tellurium. The terms "desensitizing' or 
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"sulfur-desensitizing agent' as used herein refers 
to the ability of selenium and of tellurium to 
counteract or otherwise decrease the detrimental 
effect of sulfur upon ductility, particularly in low 
oxygen or oxide melts treated with aluminum 
and/or other strong deoxidizers. The terms also 
refer to the ability of selenium and of tellurium 
to cause the sulfur, or sulfides, to occur globu 
larly and randomly distributed rather than in the 
chain-like, intergranular occurrence which is as 
sociated with low ductility in cast steels. 

It is an object of the present invention to pro 
vide a method of producing deoxidized cast steel 
which is simple, practical and economical and 
which is capable of being operated consistently 
and successfully on an industrial Scale to pro 
duce satisfactory and commercially acceptable 
products. 
It is another object of the present invention to 

provide a method of manufacturing aluminum 
treated cast steel whereby castings can be con 
sistently produced not only free from porosity but 
also with high physical properties, especially high 
ductility particularly with respect to reduction of 
area. . . 

It is a further object of the invention to provide 
a method of producing steel which consistently 
yields fine grained cast steels substantially free 
from porosity and chain-like intergranular dis 
tribution of inclusions, particularly chain-like 
sulfide inclusions, and which consistently pro 
duces sound cast steels wherein the sulfide in 
clusions are globular and randomly distributed. 
The invention also provides a melting process 

for producing cast steels which involves a novel 
combination of operations and which permits the 
use of strong deoxidizers to thoroughly kill the 
steel, which produces random distribution of in 
clusions, particularly sulfides, and which consist 
ently makes a sound cast steel having good duc 
tility, etc. 
The invention further provides a method of 

producing sound and ductile cast steels over a 
broader range of oxygen or oxide content in mol 
ten steel than has been possible heretofore. 

It is also within the contemplation of the pres 
ent invention to provide a method of desensitiz 
ing the steel to the adverse effect of sulfur and 
to produce fine grained cast steels possessing ran 
domly dispersed, globular sulfides independent of 
the oxygen or oxide content of the molten steel 
and the kind of deoxidizer used. 

It is further within the contemplation of the 
present invention to provide fine grained cast 
steels characterized by freedom from blowholes 
combined with high ductility and containing 
small controlled amounts of selenium and/or 
tellurium. 
The invention also contemplates fine grained 

cast steels containing fractional percentages of 
the strong deoxidizer aluminum and small con 
trolled amounts of selenium and/or tellurium to 
eliminate the adverse effect of aluminum upon 
the sulfide distribution which would occasion a 
serious loss of ductility. 
The invention also contemplates fine grained 

cast steels containing fractional percentages of a 
strong deoxidizer, such as aluminum, and small 
controlled amounts of selenium and/or tellurium, 
and characterized by soundness of metal com 
bined with high physical properties, especially 
high ductility. 
other objects and advantages of the invention 

will become apparent to those skilled in the art 
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from the following description and the accom 
panying drawing in which: 

Fig. 1 is a graph showing the effect of aluminum 
on the ductility of cast steel; and 

Fig. 2 is a graph showing the improvement in 
ductility obtained in aluminum treated cast steel 
in accordance with the present invention. 

In general, the present invention involves a 
novel combination of operations which comprises 
establishing or producing a molten mass of steel 
or ferrous alloy in the customary manner but 
without regard to the accurate oxygen or oxide 
control which has been required heretofore, treat 
ing said molten mass of steel, for example, in the 
adle, with about 0.01% to about 0.07% or 0.08% 
aluminum, in elemental or alloy form and with 
about 0.05% to about 0.6% of at least one sulfur 
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deSensitizing agent from the group, consisting of 
Selenium and tellurium, and casting the molten 
steel thus treated whereby aluminum treated cast 
steels are consistently produced which posses im 
proved ductility regardless of the oxide content 
of the steel. I have discovered that small but ef 
fective amounts of selenium and tellurium have a 
powerful desensitizing effect on the sulfur pres 
ent in the steel and promote high ductility in the 
final cast steel despite the use of aluminum. 
Heretofore it was believed that selenium and/or 
tellurium, like sulfur, produced inclusions which 
caused degradation of mechanical properties and 
that if co-present their effect would be additive 
so that the addition of selenium and/or tellurium 
to a steel containing sulfur would further lower 
its ductility. I have made the astonishing dis 
covery that quite the reverse is true and that the 
addition of selenium and/or tellurium to steel 
has the remarkable effect of rendering sulfur 
quite innocuous and that selenium and/or tellu 
rium behave like oxygen in coalescing sulfides 
and make it possible to produce a cast steel of 
Very high ductility despite the presence of sulfur 
and the use of aluminum. I have also made the 
astonishing discovery that selenium and tellurium 
act as grain refiners thereby further improving 
the properties of the cast steels. 
At least about 0.05% of selenium and/or tellu 

rium appears to be required in order to obtain 
appreciable beneficial effect in aluminum-treated 
steels. In general, as the sulfur-content in 
creases above normal values, i. e., above about 
0.05%, the minimum selenium and/or tellurium 
content required to obtain a beneficial effect 
should also be increased accordingly, and, prefer 
ably, the manganese content should also be in 
creased. ... 
Low ductility is consistently associated with 

intergranular, chain-like sulfides while good duc 
tility is obtained when the sulfides are globular 
and randomly dispersed. The type of sulfide in 
clusion is normally related to the oxygen or iron 
Oxide content of the steel, intergranular sulfides 
being obtained with low oxygen and iron oxide 
contents and randomly distributed sulfides being 
characteristic of high oxygen and iron oxide con 
tents. A characteristic and consistent relation 
ship exists between low ductility and intergranu 
lar sulfides. Intergranular sulfide condition may 

0. 

occur with any melting process, including the 
acid electric, basic electric and basic open hearth 
processes. A relatively high oxygen or oxide con 
tent has been required for good fluidity and duc 
tility but unfortunately this frequently led to 
excessive porosity in the casting. Porosity may 

75 
develop because of insufficient deoxidation prior 
to casting. Low ductility will result because of 
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the production of chain sulfides due to the ab 
sence of sufficient oxygen in the melt promoted by 
reducing conditions during melting, by the use 
of strong deoxidizers, etc. The desire for sound 
ness, a primary requisite of good metal, has led 
to the use of strong deoxidizers such as aluminum, 
especially in converter and acid electric steel. It 
has been noted that aluminum-killed steels possess 
low ductility. Aluminum is an excellent deoxi 
dizer, for example in amounts of 0.01% to 0.07% 
or 0.08% or more, which assures soundness in 
cast steels but so lowers the Oxygen content as 
to cause the sulfur to precipitate intergranularly 
and results in low ductility when cast. Its nor 
mal use is precluded in cast steels, particularly 
alloy cast steels, with high ductility requirements. 
In some instances, Small amounts of aluminum 
are even more detrimental than larger amounts. 
Thus, it has been observed that additions of about 
0.02% aluminum appears to lower the ductility 
of cast steels to lower levels than do smaller or 
larger amounts. Fig. 1 is a graph depicting the 
average shape of a curve showing the effect of 
aluminum additions on the reduction of area and 
plotted from data obtained on nickel-manganese 
cast steels containing about 0.3% carbon, 1.5% 
nickel, 1.5% manganese, 0.35% silicon, 0.035% 
sulfur, 0.03% phosphorus, and treated with var 
ious amounts of aluminum. The injurious effect 
of aluminum on the ductility of the cast steel as 
indicated by the reduction in area is brought Out 
by the curve, particularly for aluminum additions 
within the range of about 0.01% to 0.07% or 
0.08%. Small additions of aluminum of the 
order of about 0.015% to 0.03 or 0.04% Cause 
particularly sharp losses in ductility in cast steel 
while larger quantities up to about 0.1% are also 
detrimental and the ductility never reaches that 
of cast steel not treated with aluminum. Sims 
and Dahle in Transactions of American Foundry 
men's Association, volume 38, 1938, page 76, pre 
sented data for plain carbon cast steel which 
showed precisely the same effect. The present 
invention enables the art to use strong deoxi 
dizers such as aluminum and the like in cast steels 
with none of its detrimental effects, such as low 
ductility. Silicon, a fairly strong deoxidizer, also 
promotes low ductility and intergranular sulfides 
when used in amounts sufficient to completely de 
oxidize the steel and assure sound metal when 
cast. I have found that manganese appears to be 
an inadequate desulfurizer under reducing condi 
tions as it forms sulfides that appear in the grain 
boundaries. 
Selenium and/or tellurium are able to nullify 

the detrimental effect of sulfur, or sulfides, ap 
parently by coalescing the sulfides, particularly 
in an aluminum-treated or low oxygen or oxide 
steel, to produce globular randomly dispersed sul 
fides and high ductility in the final cast steel in 
stead of the intergranular, chain-like sulfides and 

3. 
full recovery may be obtained in the product. 
Thus, where about 0.1% selenium was added to 
One steel, upon analysis 0.09% remained in the 
product. In general, the recoveries will depend 
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low ductility normally obtained in aluminum 
treated low oxygen or completely deoxidized 
steels. Selenium and tellurium have two other 
useful and unexpected attributes in that they are 
mild deoxidizers and that they refine the nor 
malized and McQuaid-Ehn grain size of the 
steel. The average McQuaid-Ehn grain size of 
selenium and/or tellurium treated steels is about 
No. 6 to 7, although some No. 4 and No. 5 grains 
have been observed occasionally. Usually, Over 
about 50% of the selenium and/or tellurium re 
mains in the final product, although in one in 
stance a recovery as low as about 10% was ob 
served. Under certain conditions substantially 75 

upon many factors, including the state of oxida 
tion of the molten metal, the eficiency of the 
method of addition, for example the form of the 
addition material or the thoroughness with which 
the material is incorporated below the surface of 
the molten metal, the holding time before cast 
ing, etc. 

It has been found that the present invention 
is particularly beneficial in the treatment of steels 
Subjected to deoxidation with a powerful de 
oxidizer such as aluminum in amounts of about 
0.01% to about 0.07%, particularly about 0.015% 
to 0.03% or 0.04%, in conjunction with the sul 
fur-desensitizing treatment with selenium and/or 
tellurium in amounts of about 0.05% to 0.6%, 
preferably about 0.05% to 0.2%, for example, 
about 0.1%. Table I lists several nickel-man 
ganese steels and the various treatments to which 
portions of the heats were subjected. Table II 
gives the properties of the resulting steels and 
sets forth the improvement in reduction in area, 
in percent improvement, compared with the re 
duction in area of the same aluminum-treated 
steel not treated with selenium and/or tellurium 
as plotted in Fig. 1. The improvement in re 
duction of area of the high sulfur steel, i. e., 
the 0.07% sulfur steel, is in comparison to the 
reduction of area of the same steel treated with 
alumifium but without selenium or tellurium 
(Steel No. 12). All steels were subjected to treat 
ment with aluminum, a powerful deoxidizer, prior 
to treatment in accordance with the present in 
vention. As pointed out hereinbefore, treatment 
with aluminum has been considered detrimental 
where high ductility was required, and small 
amounts of the order of 0.02% are frequently 
more detrimental than larger amounts. Steels 
Nos. 2 to 11 and 14 which were treated in ac 
cordance with the present invention all showed 
a notable improvement in reduction in area 
and/or elongation, particularly the former, com 
pared with the properties of the same steels after 
treatment with aluminum alone as illustrated in 
Fig. 1 and by steel No. 12 or aluminum and 
insufficient amounts of Selenium as illustrated by 
high sulfur steel No. 13. It will be noted that 
Steels Nos. 12 to 14 contained much more than 
the usual amount of sulfur found in steel and 
illustrate the effectiveness of the present inven 
tion in desensitizing sulfur or sulfides. 

Table I 
Composition: 1.5% Ni, 1.5% Mn, 0.4%. Si 

C S Steel No. Treatment of molten steel 1 

Percent Percent 
1--------- 0.30 0.035 0.1% Se. 

2--------- 0.3 0.035 0.02% Al, then 0.06%, Sc. - 
3--------- 0.3 0.041 0.06%, Al, then 0.06, St. 

0.035 0.02% A), then 0.08% Se. 
0.041 0.06%, Al, then 0.08%, Sc. 
0.035 0.02%. Al, then 0.1". Se. 
0.04.1 0.06% A, then O. Sr. 
0.035 0.12% Al, then 0.1% Se. 
0.035 0.02% Al, then 0.2%, Sc. 
0.035 0.06% Al, then 0.2%, Se. 
0.035 0.10% A, then 0.2% Se. 

0.06% A. 
0.06% A), then 0.05%, Sc. 
0.06% Al, then 0.1% Se. 

0.07 
0.07 
0.07 

Percentages given are amounts added. 

  



be 
eat treatment: Normalized and drawn 

Mechanical properties 

E. 

i 2. 5 7 
61.6 81.5 28.5 
60.0 84.0 30.5 
65, 88.2 27.5 

67.0 92,0 26.0 
67.5 90.7 26.0 
67.7. 90,7 27.5 

85.2 83.2 16.5 
66.5 82.3 3.2 
60,7: 79.5, 31.2 

Y. P. syield point in thousand pounds per square inch. 
T. S. stensile strength in thousand pounds per square inch. 
Percent E. spercent elongation. - 
Percent R.A.-spercent reduction in area. 
Impacts Charpy inpact in foot-pounds (V notch). 
Percent improvement=improvementin reduction of area, in percent. 
In Fig. 2 curves have been plotted showing 

the approximate proportionate improvement in 
ductility, i. e., in reduction of area, for nickel 
manganese cast steel treated in accordance with 
the present invention as compared to the same 
Steel treated with aluminum but not with Sele 
nium or tellurium. A marked improvement in 
ductility is obtained in cast steels treated with 3 
aluminum and Selenium and/or tellurium when 
the aluminum-treatment comprises adding about . . 
0.01% to about 0.07% aluminum in conjunction 
with a sulfur-desensitizing treatment with sele 
nium and/or tellurium. 40 

It is to be observed that the present invention 
provides a method of producing aluminum-treat 
ed cast steels possessing improved ductility which 
comprises deoxidizing or killing the molten steel 
with aluminum and treating the molten steel 
with about 0.05% to about 0.5% or 0.6% of at , 
least one sulfur-desensitizing agent from the 
group consisting of selenium and tellurium and 
casting the thus-treated steel whereby aluminum 
treated cast steel is obtained having improved 
ductility over a similar steel treated with alumi 
num alone. Particularly improved results are 
obtained when the aluminum-treatment corn 
prises killing the steel with about 0.01% to about 
0.07% aluminum. It is preferred to treat the 
molten steel with about 0.06% to about 0.15% 
or 0.2% selenium and/or tellurium. Very satis 
factory results have been obtained by deoxidiz 
ing the steel with about 0.015% to 0.04% alu 
minum and about 0.08% to 0.1% selenium and/or 
tellurium. 
Tellurium, like selenium, also has a markedly 

beneficial effect upon the properties of cast steels 
treated with a powerful deoxidizer such as alu minum. Although an equal fractional percentage 
of selenium appears to be slightly more effective 
than tellurium, the addition of about 0.1% of 
either or both to normal steels has produced satis 
factory results in actual practice. Tables III 
and IV contain data showing the notable im 
provement in ductility resulting from the treat 
ment of aluminum-killed nickel-manganese steels 
with various amounts of a tellurium sulfur-de 
Sensitizing agent. Steels No. 17 to 21, treated in 
accordance with the invention, exhibit superior 75 
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reduction in area and/or elongation than similar 
aluminum-treated steels not treated with tel 
lurium or with insufficient amounts of tellurium. 
It will be noted that steels No. 15 to 17 contain 
more sulfur than is normally found in high grade 
cast steels, 

Table III 
Composition: 1.51% Ni; 1.43% Mn; 0.3% si; 0.27% o 

Steel No. S Treatment of molten metal 

Per cent 
0.077. Partly oxidized, then 0. Aladded. 0.0i Sansas, the 3. 
0.077 Sane as 15, then 0.15%Te added. 

18----------- 0.035 0.06% A and 0.06%Te added. . 
19----------- 0.035 0.06% A and 0.1%Te added, 
20-----------, 0.035 0.06% A and 0.2% Te added. 21----------- 86356.8% iii.3% is 

able IV 
Heat treatment: Normalized and drawn 

Steel No. 

See footnote to Table II for key to symbols. ". . . 
When cast steels which possess good proper 

ties in light sections are poured into heavier sec 
tions, the properties are frequently detrimen 
tally affected. The property most adversely af 
fected appears to be the ductility. There is rea 
son to believe that this may be attributed, at 
least in part, to poor sulfide distribution. Treat 
ment of steels in accordance with the present 
invention has been found to have beneficial ef 
fect upon the ductility of steels cast in heavy sec 
tions. Tables V and VI give the treatments and 
the resulting properties of a nickel-manganese 
steel cast into heavy sections 3 inches by 5 inches 
by 5.5 inches. The marked beneficial effect of 
the selenium and/or tellurium treatment on 
strongly deoxidized steels cast in heavy sections 
is shown by comparing the properties of steel 
No. 22 with steel No. 23. Steel No. 22 is a nickel 
manganese steel deoxidized with both silicon and 
manganese and with aluminum, whereas steel 
No. 23 is another heat of the same composition 
deoxidized with silicon, manganese and aluminum 
plus further treatment with selenium in accord 
ance with the present invention. The recovery 
in reduction in area and elongation in the heavy 
section after the selenium treatment is very pro. 
nounced as shown in Table VI. 

Table v 
Composition : 1.5% Ni; 15%. Min; 0.3%, C; 0.35 o : 0.8% % Si; 
- - - - - - - - 
Steel No. Treatment of molten metal 

2------------ Regular SiMn deoxidation, then 0.06%, Al. 
2.-- Ratsi-Mn E"E6; A and siao it. 

- - - - - - 
Percentages given are amounts added, 
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Table VI 

Heat treatment: Double normalized and drawn 

Mechanical properties 

Steel No. Improve 
f rowes Y. P. i. T. S. E. R. A. Inent 

Per cent Per cent Per cent 
64.2 72. 4.5 7.4 
66.7 87.2 22.0 30.9 

1 See footnote to Table II for key to symbols. 

I have discovered that increased impact values 
at low temperatures can be secured by applying 
the present invention to aluminum-containing 
steels, for example, a steel treated with up to 
about 0.07 or 0.08% aluminum. 

It will be observed that the present invention 
provides aluminum-treated cast steels and a 
method of treating aluminum-treated cast 
Steels, including plain carbon steel, alloy steels, 
and other iron-base alloys subject to the dif 
ficulties and disadvantages mentioned hereinbe 
fore. Cast steels normally contain about 0.025% 
to about 0.05% sulfur, but steels containing 
0.07% to 0.09%. Sulfur have also been Success 
fully treated, and steels containing even larger 
quantities as high as about 0.15% sulfur will be 
usefully improved. Cast Steels finished in ac 
cordance with the present invention can tolerate 
larger quantities of sulfur with better ductility 
than steels finished only with silicon and man 
ganese and/or aluminum. In general, as the 
sulfur content increases above about 0.06%, it is 
preferred to increase the manganese content 
above normal values, for example, above about 
0.65%. Increased amounts of selenium or tellu 
rium also tend to compensate for increased Sul 
fur contents. Should the Sulfur exceed the 
upper limit of the range normally found in steel, 
i. e., about 0.05% a larger amount of Sulfur-de 
sensitizing agent should be added than is nor 
mally added, as will be apparent to those skilled 
in the art. Steel baths containing below about 
0.015% or 0.02% sulfur which can only be 
achieved with greater difficulty and at much 
higher cost, apparently do not contain sufficient 
sulfur to markedly affect the ductility and such 
steels are fairly successfully treated by prior art 
methods, e. g., killing with aluminum, a treat 
ment which cannot consistently produce satis 
factory results with higher sulfur contents, al 
though the present invention may also be used 
in treating such low Sulfur Steels. Cast steels 
containing less than about 0.015% sulfur are 
comparatively rare and are not usually met with 
in ordinary cast steel practice. When I refer 
herein to 'small but detrimental' amounts of 
sulfur I include within the scope of the expres 
sion amounts of sulfur which when present in 
well killed steel castings lower the ductility as 
compared to a casting of similar composition but 
containing less sulfur, or amounts which tend to 
produce intergranular sulfides, or amounts which 
when present in a steel casting will possess high 
er ductility when treated in accordance with the 
present invention than when not so treated or 
not otherwise specially treated to decrease the 
deleterious effect of the Sulfur. 
The cast steels contemplated by the present 

invention may contain various amounts of car 
bon, say about 0.05% to about 0.75% or even up 
to about 1.7%, frequently about 0.1% to about 
0.6%, and usually about 0.25% to about 0.45%, 

silicon, 
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S 
and may contain various amounts of alloying 
elements such as nickel, chromium, manganese, 

molybdenum, Vanadium, copper, and 
other strengthening elements, say from an ef 
fective percentage or 0.01% to about 7% or 9%, 
Or more, and I desire that the amounts of these 
strengthening elements shall fall within the 
practical range within which the sulfide distri 
bution has an important influence upon duc 
tility. Usually the cast steels will contain in 
cidental elements and impurities commonly 
present as a result of good steel making prac 
tice, for example, phosphorus, magnanese, sili 
con, etc., as those skilled in the art will readily 
understand. The iron content normally will ex 
ceed about 90% and will usually be less than 
about 99%, or 98%. The present invention is 
applicable to a wide range of plain carbon cast 
Steels and alloy cast steels containing the usual 
incidental elements, deoxidizing elements, and 
impurities. It has been found that certain 
Special deoxidizers such as titanium or ap 
parently zirconium impair response to the pres 
ent invention and are preferably avoided or used 
very Sparingly. 
In addition to the above-mentioned elements 

normally found in steels, the cast steels produced 
in accordance with the present invention con 
tain, in the final product, about 0.02% to about 
0.5% of Selenium and/or tellurium, preferably 
about 0.05% to about 0.1%. The aluminum 
treated steels contemplated by the present in 
vention may contain in the final product from 
a small but effective amount, say 0.003%, up to 
about 0.07% of aluminum and the like, for ex 
ample about 0.01% to about 0.05% aluminum. 
In commercial practice, aluminum-treated 
steels are usually defined by the amounts of 
aluminum added in finally treating the molten 
Steel rather than by the residual amounts of 
aluminum in the final product. Furthermore, I 
have found that the present invention is de 
scribed more practicably by the amounts of alu 
minum added in finally treating the molten steel 
and that the improvement obtained in accord 
ance with the present invention is related to 
the amounts of aluminum added to molten steel 
which in the final stages is in the conventional 
slightly oxidized condition or which is in an un 
oxidized condition such as results from final pro 
cessing under reducing conditions. Of course, 
it will be apparent that if the bath is excessive 
ly oxidized larger amounts of aluminum may be 
used in order not only to finally deoxidize the 
molten steel to remove the last traces of oxygen 
but also to reduce the oxygen to that usually 
present in the molten steel at the time aluminum 
is added and which is usually accomplished by a 
silicon-manganese deoxidation. The present in 
wention is concerned With aluminum-killed cast 
steels. By "aluminum-killed' cast steels I mean 
steels treated in the final stage with amounts of 
aluminum sufficient to at least substantially de 
oxidize the molten steel. The injurious effects 
of aluminum which are overcome by the present 
invention are particularly pronounced when suf 
ficient aluminum is added to at least substan 
tially deoxidize the steel and to leave not more 
than about 0.07% aluminum or, preferably, not 
more than the amount resulting from adding 
about 0.07% or 0.08% aluminum in the final cast product. 

In order that those skilled in the art may have 
a better understanding of the present invention, 
illustrative examples of steels to which the pres 

  

  



6 
ent invention is applicable are given in Table VII. 
Plain carbon steel, nickel steel, nickel-manganese 
steels, nickel-molybdenum steels, nickel-chro 
mium steel, nickel-vanadium steel, nickel-silicon 
steels and copper steel are given as examples. 

Table VII 

Percenter cent Percent 
0.35 

Percent Per 

0.35 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. : 

In carrying the invention into practice the 
selenium or tellurium may be added in the ele 
mental form or as an alloy, for example as 50% 
ferro-selenium or nickel-selenium. If pure or 
elemental selenium be used, it should be forced 
into the molten metal because it volatilizes so 
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steel with about 0.05% to 0.6% of at least one 
desensitizing agent from the group consisting of 
selenium and tellurium, and casting the thus 
treated molten steel whereby aluminum-treated 
cast steels characterized by improved ductility 
are produced. 

O 
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2. A method of producing ductile aluminum 
treated cast steels which comprises killing a mol 
ten mass of steel containing sulfur with alumi 
num in amounts up to 0.07% and with a small 
but effective amount up to about 0.6% of at least 
one sulfur-desensitizing agent from the group 
consisting of selenium and tellurium, and casting 
the thus-treated molten steel whereby aluminum 
treated cast steels characterized by improved 
ductility are produced. 

3. A method of decreasing the deleterious effect 
of aluminum upon the ductility of sulfur-con 
taining cast steels which comprises treating a 
molten mass of steel containing at least about 
0.015% sulfur with about 0.01% to 0.07% alumi 
num and about 0.05% to 0.6% of at least one 
sulfur-desensitizing agent from the group con 
sisting of selenium and tellurium, and casting the 
thus-treated molten steel whereby aluminum 
treated cast steels characterized by improved 
ductility are produced. 

readily. Ferro-selenium is much the better form 
for direct addition because it dissolves readily 
when in contact with the melt and apparently 
with lower loss than when added in elemental 
form. 
While the invention has been described with 

particular reference to steel castings and prod 
ucts which are cast substantially in the shape or 
size in which they are to be ultimately used, it is 
applicable to centrifugal castings, rolls and cast 
gear blanks and other products whose properties 
reflect the properties of the metal as cast, t 
is to be observed that the present invention is ap 
plicable to a wide variety or articles of manu 
facture made from steel castings well known to 
those skilled in the art. For example, the inven 
tion is applicable to Such articles as pressure 
castings made of ferritic cast steels. Illustrative 
pressure castings include valve bodies and the 
like, such as cast valve bodies, cast valves, cast 
casings and fittings, cast turbine nozzles and dia 
phragms, cast turbine casings, cast pressure ves 
sels and similar cast articles subject to pressure 
and/or to thermal or mechanical shock. 
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The present application is a continuation-in 
part of my co-pending application Serial No. 
340,839, filed on June 15, 1940. 
Although the present invention has been de 

scribed in conjunction with preferred embodi 
ments, it is understood that modifications and 
variations may be resorted to without departing 
from the spirit and scope of the invention, as 
those skilled in the art will readily understand. 
Thus when I use the term "balance substantially 
all iron"I do not exclude minor constituents and 
impurities which may be present in such amounts 
as occur in commercial practice or in amounts 
not adversely affecting the desired properties of 
the product. Such variations and modifications 
apparent to those skilled in the art are consid 
ered to be within the purview and scope of the 
appended claims. 

claim: 
1. A method of decreasing the deleterious ef 

fect of aluminum upon the ductility of cast steels 
which comprises deoxidizing a molten mass of 
steel with aluminum, treating the molten mass of 
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4. A method of producing ductile aluminum 
treated cast steels which comprises establishing 
a molten mass of steel containing at least 0.015% 
Sulfur, deoxidizing said molten mass with a frac 
tional percentage of aluminum, treating said 
molten mass with about 0.05% to 0.6% of at least 
one Sulfur-desensitizing agent from the group 
consisting of selenium and tellurium, and casting 
the thus-treated molten steel whereby alumi 
num-treated cast steels characterized by im 
proved ductility are produced. 

5. A method of producing ductile aluminum 
treated cast steels containing randomly distrib 
uted globular sulfide inclusions which comprises 
establishing a molten mass of steel containing 
small but detrimental amounts up to about 0.15% 
of sulphur, treating said molten mass with about 
0.01% to 0.07% aluminum and about 0.05% to 
0.6% of at least one sulfur-desensitizing agent 
from the group consisting of selenium and tel 
lurium, and casting the thus-treated molten steel 
whereby ductile aluminum-treated cast steels 
containing randomly distributed globular sulfide 
inclusions are obtained. - - 

6. A method of producing ductile aluminum 
treated Cast steels which comprises treating a 
molten mass of steel containing about 0.02% to 
0.05% of sulfur with about 0.01% to 0.07% aiu 
minum and about 0.06% to 0.2% of at least one 
Sulfur-desensitizing agent from the group con 
sisting of Selenium and tellurium, and casting 
the thus-treated molten steel whereby ductie 
aluminum-treated cast steels are produced. 

7. A method of consistently producing ductile 
aluminum-treated cast steels which comprises 
establishing a molten mass of steel containing 
small but detrimental amounts up to about 0.08% 
sulfur, treating said molten mass with about 
0.01% to 0.07% aluminum and with a small but 
effective amount up to about 0.2% of at least one 
sulfur-desensitizing agent from the group con 
sisting of Selenium and tellurium, and casting the 
thus-treated molten steel . whereby ductile alu 
minum-treated cast steels are produced. 

8. A ductile aluminum-treated cast steel con 
taining Small amounts up to 0.15% sulfur, small 
but effective amounts up to 1.7% carbon, a small 
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amount up to about 9% of at least one alloying 
element, aluminum in the amount resulting 
from adding about 0.01% to 0.07% aluminum, a 
Small but effective amount up to about 0.5% of 
at least one Sulfur-desensitizing agent from the 
group consisting of selenium and tellurium, and 
the balance substantially all iron. 

9. A ductile aluminum-treated cast Steel Char 
acterized by randomly distributed globular Sul 
fide inclusions which contains about 0.015% to 
0.08% sulfur, about 0.05% to 0.75% carbon, up 
to about 9% of alloying elements, a Small amount 
up to about 0.07% of aluminum, about 0.02% to 
0.5% of at least one sulfur-desensitizing agent 
from the group consisting of Selenium and tel 
lurium, and the balance substantially all iron. 

10. As an article of manufacture, a ductile 
aluminum-killed cast steel containing Sulfur up 
to about 0.05%, carbon up to 0.6%, a Small 
amount up to about 9% of alloying elements, alu 
minum in an amount resulting from adding 
about 0.01% to 0.07% aluminum, about 0.02% to 
0.2% of at least one sulfur-deSensitizing agent 
from the group consisting of Selenium and tel 
lurium, and the balance substantially all iron. 
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11. As an article of manufacture, a ductile 

aluminum-treated Steel Casting containing a 
Small amount of sulfur, about 0.05% to 1.7% car 
bon, up to about 9% of alloying elements, alu 
minum in an amount up to about 0.07%, about 
0.02% to 0.5% of at least one sulfur-desensitiz 
ing agent from the group consisting of Selenium 
and tellurium and the balance substantially all 
Ol. 
12. As an article of manufacture, a Casting 

made of aluminum-treated Steel characterized by 
a microstructure Comprising globular, randomly 
distributed Sulfide inclusions and containing Sul 
fur up to about 0.15%, a small but effective 
amount up to about 1.7% carbon, aluminum in 
an amount resulting from adding about 0.01% to 
0.07% aluminum, a small but effective amount 
up to about 0.5% of at least one sulfur-desensi 
tizing agent from the group consisting of Seleni 
um and tellurium, said casting being character 
ized by soundness of metal and improved ductil 
ity compared to a similar casting not containing 
said sulfur-desensitizing agent. 

ALBERT PAUL GAGNEBIN. 


