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UNITED STATES PATENT OFFICE 
2,295,706 

ALLoy FoE TREATMENT or STEEL 
George F. Comstock, Niagara Falls, N.Y., assign 
or to The Titanium Alloy Manufacturing Com 
pany, New York, N. Y., a corporation of Maine 
Application June 17, 1941, Serial No. 398,425 

4 Claims. (Cl. 75-58) 
This is a continuation-in-part of my copend 

ing application Serial No. 353,918, filed August 
23, 1940, 
This invention relates to alloys for use in de 

oxidizing steel or cast iron, and more particu 
larly to such alloys containing titanium, boron, 
and aluminum, and at least One element of the 
group manganese, silicon, iron, zirconium and 
calcium. 

Structural or forging steel of fine grain-size, 
or so treated in manufacture that its grain struc 
ture remains fine even though heated to such 
temperatures as would cause other steel. to be 
COme Coarse-grained, has Well recognized advan 
tages that make it desirable for many uses. 
Some of these advantages, which may occur sep 
arately or simultaneously, are superior ductility 
in a given condition of heat-treatment, a better 
combination of strength and ductility, higher 
elastic limit or yield point, and greater resistance 
to impact or shock. The "hardenability' of such 
fine-grained steel, however, is generally lower 
than that of similar steel of coarser grain size. 
For many uses high hardenability is desirable, 
since steel having that property does not require 
such rapid cooling to develop a given hardness, 
that is, it permits the treated steel to become 
hard under moderate quenching treatments. As 
drastic quenching treatments may be harmful to 
other desired characteristics of treated steel, and 
are difficult to accomplish with large pieces of 
steel, it is seen that the ability to harden with 
out requiring such drastic quenchings is very de 
sirable. Thus, it is much easier to harden thicker 
and heavier parts of such steel which will not 
cool very rapidly, even though quenched in a rapid 
and Woluminous stream of cold Water. 
The treatment of molten steel shortly befor 

Casting With Such deoxidizing agents as alumi 
num, titanium and zirconium, either separately 
or in combination, is well known to be an effec 
tive means of producing fine-grain characteris 
tics in the steel. This treatment, however, does 
not generally improve the hardenability of the 
Steel. The addition of small amounts of boron 
has been found to definitely increase the hard 
enability of a given steel, but its addition as fer 
roboron, even when accompanied by a grain-re 
fining amount of aluminum, separately added, 
tends to coarsen the grain size. 

In accordance with the present invention, it 
has been found that both fine-grain characteris 
tics and high hardenability may be conferred on 
the same steel by adding thereto a deoxidizing 

and aluminum, and preferably also containing. 
manganese, silicon and iron. The use of such an 
alloy has been found to confer many of the bene 
ficial characteristics not obtainable, when the 
alloy constituents are added separately to the 
steel being treated. Thus, the cleaning action of 
these elements has been found to be more effec 
tive when the several deoxidizing elements act 
on the steel simultaneously and in a single addi 
tion than when the same deoxidizers are added 
as separate ferro-alloys. Of especial importance, 
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as pointed out above, is the fact that fine grain 
size and improved hardenability cannot be ob 
tained in the same piece of steel by separately 
adding aluminum (the element normally used to 
secure fine grain size) and boron (the element 
used to secure improved hardenability). In pre 
vious practice, in fact, it was not thought possi 
ble to secure both these characteristics in high 
degree in the same piece of steel. 

Alloys suitable for use in the practice of this 
invention may contain from about 0.25 to 5% 
boron, 5 to 25% each of titanium and aluminum, 
and the balance iron with up to 10% zirconium, 
up to 30% manganese, up to 40% silicon, up to 
5% calcium, up to 3% carbon, and Small amounts 
of phosphorus, sulfur, copper and other impuri 
ties. The titanium and aluminum contents 
should each be at least two or three times the 
bOron Content. The presence of manganese, sili 
con and calcium in the alloy is beneficial but not 
essential for the purpose of simultaneously in 
proving the hardenability and securing fine grain 
characteristics in the steel. Preferably, the 
amount of manganese is 5 to 30%, and of silicon 
10 to 40%. The relative proportions of titanium 
and aluminum are also important, as the pres 
ence of too much aluminum in excess of the ti 
tanium causes the steel to be "dirty" due to the 
inclusion of aluminum oxide; and the presence 
of too much titanium in excess of the aluminum 
causes the steel to be coarse-grained, unless ex 
cessive amounts of the alloy, such as will give 
comparatively large residual titanium contents 
in the steel, are used. ACCOrdingly, the amount 
of titanium preferably does not exceed twice the 
amount of aluminum, and preferably should not 
be more than half again as much. Likewise, the 
amount of aluminum preferably does not exceed 
twice the amount of titanium, and preferably 
should not be more than half again as much. 
Wery small amounts of boron are sufficient to pro 
duce a significant effect on the hardenability of 

alloy containing, in combination, titanium, boron 55 steel, while an excess may impair the rolling 



2 
quality, so that the amount of boron should be 
less than 5%. 

Finally, iron usually comprises a substantial 
percentage of the alloy, and may be varied con 
siderably, depending upon the concentration of 
the remaining elements that is desired for a spe 
cific purpose. For instance, a heavier alloy, 
which would therefore necessarily be more dilute 
in active elements and higher in iron, might be. 
better for adding to large ladles of steel, while 
for mold additions, or in small ladles of steel or 
cast iron, a more concentrated and active alloy, 
lower in iron, might be preferred. In all these 
alloys, carbon usually comprises a small percent 
age, but is kept as low as conveniently possible, 
and is preferably less than 3%. 

In the preparation of these alloys, aluminum is 
usually added as such. The silicon and man 
ganese may be added as silico-manganese, and 
the titanium as ferro-titanium. The boron is 
conveniently added as borax to the slag formed 
in the manufacture of the alloy, as the aluminum 
in the alloy reduces boron from such a slag. The 
calcium, if present, may be incorporated into these 
alloys either by direct reduction from a slag of 
high lime Content, or preferably by adding the 
metal or one of its metallic compounds, such as 
calcium-silicide, to a previously formed melt Con 
taining the other ingredients. The invention is 
not limited to any particular method of manu 
facture, however. 
In the use of these alloys, they are added to 

molten steel in well known fashion. Generally, 
the amount of boron which should be added to 
steel by the use of the present alloys should be 
0.001 to 0.01%, the amount of titanium 0.01 to 
0.1%, and the amount of aluminum also 0.01 to 
0.1%. Additional aluminum may also be added 
as a separate alloy addition, sufficient to bring 
the total aluminum addition to 0.05 to 0.15%, but 
to secure the necessary fine grain characteristics 
at least one quarter of the added aluminum must 
come from the titanium-boron-aluminum alloy 
of the present invention. 
The following table illustrates typical compo 

sitions of alloys in accordance with the present 
invention: 
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TABLE I 
Example number 

male3 

Manganese. i i i. 
The effect of these alloys on the hardenability 

of steel may be demonstrated by Jominy's method. 
This method involves quenching the test speci 
men at One end only, according to a definite pro 
cedure, and then measuring the hardness at dif 
ferent distances from the quenched end. For this 
demonstration a series of steels containing about 
0.4% carbon and 1.8% manganese was prepared 
as follows: The basic charge for each heat was 10 
pounds Armco iron and 6 pounds of clean low 
Carbon sheet steel scrap. When melted, this 
charge was deoxidized with 15 grams of 50% fer 
rosilicon and about 500 grams of pig iron was 
then added to give the desired carbon content. 
In the first two heats all this pig iron was the 
regular foundry grade, rather high in phosphorus 
and silicon. When it was found that heat No. 2 
Contained 0.042% phosphorus and 0.028% sul 
phur, half the pig iron addition in subsequent 
heats was made in the form of a lower phosphorus 
iron, and in heat No. 3 the phosphorus content 
was down to 0.032%. This same charge was used 
for all the other heats. After the pig iron was 
dissolved, additions of 50% ferrosilicon and 80% 
high-carbon ferromanganese were made to pro 
vide the proper amounts of those elements, and 
aluminum was added two minutes later. One 
minute later a special deoxidizer was added to 
each heat, the composition of the special de 
oxidizers used being shown in Table II below. 
Two minutes later the steel was poured into the 
ingot mold. The ingots were rolled into 7% inch 
rounds, which were cut into suitable lengths for 
test specimens before heat-treatment. 

TABLE II 

Composition and deoacidation of the steels used 

Heat No. 

Alumi 

added Gms." 
gms." 

Chemical analy sis, percent Special deoxidizer added, ap proximate composition (C 
omitted unless over 1 per 
cent and Fe omitted) 

18%Ti, 14%. Al, 24%. Min gods, 6%;" 
20%Ti, 3.7%Al, 24.6% Mn, 27.6% Si. 
9%Ti, 11% A, 14%. Mn, 
20%. Si, 15% Ca, 1.5% B. 

10%. Ti, 13.7%Al, 13.6% Mn, 19.2% Si, 3%, Ca 
15.5% Ti, 9%. Al, 25% W. 
35.6% Zr, 24.3%. Al, 4.8% Si. 
26.7% Ti, 10.2% Al, 38.5% 
MI, 17%. Si. 

26.7% Ti, 10.2% AI, 38.5% Mn, 1.7%, Si. 
14.5%,Ti, 21.1% Al, 2.7% Si, 
3.7% C. 

3.3% Zr, 1% A, 37.9%. Si. 
29.7% Ti, 32.6%. Si, 25.4% Cr. 
19.7%Ti, 15.8% Al, 9.5% Si, 
36.6%. Mo. 

E.T.: E; X. .5% Ti, 21.1 2.7% Si 
is: % i % Si, .5% Ti, 9%, Al, 25% W. 
85.6% Zr, 24.3%Al, 4.8%. Si. 
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Three grams per heat is equivalent to about 0.038%, or three-fourths of a pound per netton. 

  

  



2,295,706 
The test specimens were machined to A inch 

diameter, normalized at 1600 F, heated for one 
hour at 1550 F., and then quenched at one end 
according to Jominy's method. The hardness 
tests were made on strips ground flat about 4 
inch wide on opposite sides of the 94 inch diam 
eter test specimens. Hardness tests were made 
on both sides of each bar, and the results were 
averaged to obtain the values reported in Table 
III below, and plotted in the accompanying 
graph. 

TABLE I 

10 

RockaDel C. Hardness of specimens quenched . 
from 1550 F. at one end only, according to 
Jonny's method 

- - - - - 
Inches from quenched end to location of hardness test 

Me 36.4%%%34%. 1 1941% 1942 2% 3 

Some of the results of Table III are shown 
graphically in the drawing, in which the curve 
numbers refer to the respective heat numbers 
of Table . 

Heat Nos. and 3 were deoxidized with alloys 
corresponding approximately to Examples 1 and 
3, respectively. The deoxidizers used in heats 2 
and 4 were approximately the same as the de 
oxidizers of heats 1 and 3, respectively, except 

55.5454 5251 49 44, 37 343 23 
53 5353 3530 28 26 24 222 20 
53.5252 51.49 42 32 26 23 23 22 2. 
66 555 38 34 3 27 26, 223 22 2. 
55 5453 29.27 26, 25 24, 23.23 22 22 
555 53 302725 24; 23 22 21 2020 
58 54.52 34 2624, 23 22 21 2019 1918 
58 5453 33 2624, 23 21 2, 220 2019 
56 S452 38 2828 25 23 22 220 1918 
54 SS 52 44 3530 28 26 25 23 22 2120. 

352 38 3230 29; 28 27 28 26 26 
55.5352 42 33329; 28 27 2626 25 
5555 53 47 38 3230 28 27 27 26, 28 
5483 50 45 3430 28 26 24, 23 22 21 
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3 
that the boron Was Omitted from heat 2, and was 
substituted by an equal amount of calcium in 
heat 4. 
As many modifications are possible within the 

scope of this invention, it is not intended to be 
limited except as defined by the appended claims. 

I claim: 
1. An alloy for deoxidizing steel and iron, said. 

alloy containing 0.25 to 5% boron, 5 to 25% ti 
tanium, 5 to 25% aluminum, 5 to 30% manganese, 
10 to 40% silicon, and the remainder being 
principally iron with a small amount of carbon 
and other impurities, 

2. An alloy for deoxidizing steel and iron, said 
alloy containing 0.25 to 5% boron, 5 to 25% ti 
tanium, 5 to 25% aluminum, 5 to 30% manganese, 
10 to 40% silicon, an appreciable amount up to 
5% calcium, and the remainder being principal 
ly iron with a small amount of carbon and other 
impurities. 

3. The method of treating forging steel to im 
prove hardenability while maintaining fine grain 
size and the Superior physical properties produced 
thereby, comprising adding to the molten steel 
a small amount of an alloy containing 0.25 to 5% 
boron, 5 to 25% titanium, 5 to 25% aluminum, 
5 to 30% manganese, 10 to 40% silicon, and the 
remainder being principally iron with a Small 
amount of carbon and other impurities. 

4. The method of treating forging steel to 
improve hardenability while maintaining fine 
grain size and the superior physical properties 
produced thereby, comprising adding to the 
molten steel a small amount of an alloy contain- . 
ing 0.25 to 5% boron, 5 to 25% titanium, 5 to 
25% aluminum, 5 to 30% manganese, 10 to 40% 
silicon, an appreciable amount up to 5% calcium, 
and the remainder being principally iron with 
a small amount of carbon and other impurities. 
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