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To all whom, it may concern. 
Be it known that we, FREDERICK M. 

BECKET and ALEXANDER L. FEILD, citizens 
of the United States of America, residing at 
565 Park Ave., and 52 East 41st Street, re 
spectively, New York, in the county of New 
York and State of New York, have invented 
certain new and useful Improvements in 
Heat-Treated Zirconium Steel and Proc 
esses of Making Same, of which the follow 
ing is a specification. - 
This invention relates to the art of steel 

manufacture and comprises a process for 
heat-treating steel containing zirconium 
whereby is obtained a product possessing 
mechanical properties of a superior order 
of merit. The invention comprises also, as 
a novel product, a heat-treated steel, simi lar in composition to an ordinary carbon 
steel except for the presence therein of a 

(with or 
without small percentages of certain other 
alloying elements as hereinafter more fully 
described), yet which possesses properties 
hitherto obtainable only in the so-called al 
loy steels containing in customary amount 
(that is to say, the sum of the alloying ele 
ments usually upward of one per cent) one 
or more of the well known alloying elements 
such as chromium, nickel, vanadium, and 
molybdenum. These results are attained, in 
accordance with the present invention, by 
the heat-treatment of a steel having a Zir 
conium content, said zirconium being incor 
porated in the molten steel bath during the 
process of manufacture. Optimum treat 
ing conditions in so far as now known are 
hereinafter set forth. 
As is well known, it is possible by the 

heat-treatment of steels of the grades known 
as forging, tool, or spring steels to obtain products possessing a wide range of proper 
ties. Generally speaking, the higher the 
temperature employed to draw or temper a 
given quenched steel, the greater is the ex 
tent to which the initial properties of the 
quenched steel are altered in the direction 
of increased ductility and toughness, de 
creased hardness, and lowered tensile 
strength. In the manufacture of heat 
treated forgings. and rolled products a tem 
pering or drawing temperature is commonly 
employed which results in such balancing of 

55 
the various mechanical properties as ap 
pears, from practical experience and the 

Application filed January 25, 1923. Serial No. 615,438. 

Oretical considerations, to be most desirable and advantageous from the standpoint of 
serviceability or engineering design, or 
both. In the automobile and air-craft in 
dustries, in particular, the properties obtain 
able by the employment of the various com 
mercial alloy steels in the heat-treated state 
have been especially desirable, due among 
other things, to the obvious advantages of 
decreased weight and the ability of such 
Steels to withstand severe service conditions. 
We have found it possible, in accordance 

with the present invention, so to improve 
the properties of an ordinary carbon steel 
by the incorporation therein of a small per 
centage of zirconium followed by suitable 
heat-treatment that the resulting heat 
treated product has properties much more 
nearly comparable to those of the more ex 
pensive heat-treated alloy steels to which 
reference has already been made. 
The effect of zirconium, employed under 

conditions as specified below, is exhibited 
in a tendency to maintain the ductility of 
the steels, as indicated by per cent reduction 
of area, even when these are tempered under 
conditions to secure great hardness coupled 
with high strength. 
The improvement brought about by zir 

conium is most marked when the zirconium 
treated steel is drawn (tempered) in the 
lower range of drawing temperatures, 
350° 450° C. The desired effect is brought about in marked degree by the presence in 
the steel, for instance, of about 0.15 per 
cent zirconium in the case of a steel of about 
0.70 per cent carbon content. As a pre 
ferred range of zirconium content we would 
specify from 0.04 to 0.40 per cent zirconium, 
although we do not consider the present in 
vention to be restricted to any particular 
range of contained zirconium. 
There exist a multiplicity of methods, 

familiar to those skilled in the art, by which 
the zirconium may be incorporated in the 
molten steel. It is preferably added to the 
steel (for example in the furnace or ladle), 
in the form of an alloy with silicon, or in 
the form of an alloy or aggregate contain 
ing zirconium and silicon. But our inven 
tion is not limited to the use of zirconium in 
conjunction with silicon, or to its introduc 
tion in the form of an alloy. 
The table which follows contains under 

columns I and I the results of tests con 
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ducted on two steels taped from the same column III the values (so far as able, 
electric furnace heat. The steels analyzed for a nickel-chromium steel used for suc 
0.70 percent carbon, 0.62 per cent manganese heat-treated parts as require exceptionally 
0.026 per cent phosphorus, and 0.03 per cent high physical properties and must be capable 
sulphur. They were identical in composi- of resisting severe dynamic stresses inserv 
tion and manner of treatment except that the ice. The steel in question (known as S. A. 
steel described under column I contained E. steel 3450) contains carbon 0.45-0.55; 
0.15% zirconium, incorporated in the molten nickel 2.75-3.75; and chromium 0.60-0.95. 
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steel in the form of an alloy of iron, silicon. The values in the table were read from 
and zirconium, (ferrosilicon-zirconium). curves in S. A. E. handbook, Vol. I, page 
Columns I and II contain the results ob- D-65. 
tained by drawing, at five different tempera- The Izod numbers for the steel of column 
tures, the steels previously quenched in III are not available. It is, however, cer 
water from 825° C. The zirconium-treated tainly true that the zirconium-treated steel 
and the untreated steels were for each tem- above described has a value for notch-tough 
Retire of draw, heat-treated simultaneous- ness (Izod number) which falls not far be y and with every precaution to secure uni- low that of a nickel-vanadium or chrome formity of practice to the end that the test yanadium steel tempered to produce approx 
data might be strictly comparable. 

TABLE 

0.70% 

The Izod numbers given under columns I 
and II were obtained by tests conducted with 
a 120 ftlb. Izod machine, using a test 
piece of 10 by 10mm cross-section, a 2-mm. 
45 notch with 0.01 inch radius at the bot 
tom, and a striking distance of 0.866 inches. 
The notch was cut after the test 

imately the same ultimate strength and duc 
tility. . . . 
We have also conducted comparative ex 

periments on heat-treated carbon steels con 

both, have an important effect upon the 
transformations occurring in the steel. Just 
what is the exact optimum procedure, how 
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SE, SE, taining both more and less than 0.70 per cent 
GE Witt (Nel- of carbon, with and without a Zirconium 
E. AE, SE content, and have found beneficial effects 

I I due to zirconium similar to those above de 
scribed. We conclude therefore that our dis 

r covery is applicable broadly to the heat Drawing temperature--------------- 375 C. 375 C. ---------- 9 8 
Per cent SE: - 8.3 5.2 ---------- treatment of carbon steels containing zir s Percentreduction of area. 23.3 6.6---------- conium 
Yield point, lbs. sq. in.-------- 185,952 128,125 ... p 
Ultimate strength, lbs, sq. in----. 227,203 197,800 -...--. The most notable improvement brought 
godnymber, ?t.-lbs.-------------- .5 7.5 ---------- 8 . O Brinell hardness----------------- 44 433 ---------- about by zirconium occurs, as can be seen, 

Drawing tenperature--------------- 412-c. 412-c. 427 c. in that range of drawing temperatures asso 
Per cent elongation.-------------- 2 : . . . ciated with the formation of troostite in the 
Per centreduction of area. -- 45.8 22.9 . 50 o O O 

first Eisai. 33 68 finished product, 350°. 450° C. 
E.sq.m. 1.s: th: dysge e of prising SSG---------------- raw ---------- e VetOS raW s emper) the steel 

Pixiests, 44; 440C 440 in a furnace, for example of the electric 
ESSES rea. 168 iris it's muffle type, in such manner that the heat 

e ... Sl. 1.---. p SESSEs. S8 E8 treated parts are brought up to the tempera 
EEEs......... ; : ture of the furnace, by radiation from the 

Drawing te too.I c. 540 c. arc. Walls, and thereafter allowed to remain at rawing temperature.............. 54.0° C. - 
Percent E. a on a on 18.0 4. 17.0 this temp erature for 8. appreciable period, 
E.EE: 1: 1: 1as 15 minutes for a standard test piece; 
Elisatil... it it; iii then remove and allow to cool in air. Such SEs... ; :::::::: treatment has given decidedly better results 

to smaaeus on a -- AMVV at V. S. . . . both in the zirconium-treated and the un 
Drawing temperature..... 600° C. 600° C. 600° C. 

Stars 2: ; treated (control) steel than a 15-minute r Cetectio e ESEE 105,632 110, 184 118,000 draw in a leadbath at corresponding tem 
Egint: : 130 peratures. Evidently the rate of heating 
Brinitie?............... 533: 235 ... during the draw, or the time of draw, or 

ever, is a question which must be determined . 
for each kind and grade of steel by means 
of a simple series of tests of the character 
usually applied for this purpose. 

pieces were The structural changes occurring in 
heat-treated. . . .quenched steels during the tempering proc 

It will be apparent to those familiar with ess are not yet fully E" the 
this art that the properties of the zirconium 
treated steel, as gy in column I, closely 
approach those of certain alloy steels. For 
convenience of comparison we have given in 

present state of knowledge relating to this 
subject it is difficult to account for the ef. 
fect of Small percentages of zirconium upon 
heat-treated carbon steels. We are inclined 
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to believe, however, without thereby limit 
ing our invention, that the explanation even 
tually will be found to lie in the influence 
of zirconium in promoting transformation 
of martensite into troostite over a lower or 
narrower range of temperature than is pos 
sible in steel not containing zirconium, and 
probably before the appearance of an ap 
preciable amount of sorbite. 
There are a large number of chemical 

elements which if present in steels in suffi 
cient quantity, either singly or in combina 
tion, give rise to compositions which are 
technically known as alloy steels. It will 
be understood that steels as produced in 
dustrially are rarely if ever entirely free 
from all these elements. Certain of the al 
loying elements, for example silicon and 
manganese, are normal constituents of car 
bon steels as now made, but the quantities 
present in such carbon steels are insufficient 
to produce the characteristic alloy steels of 
these elements. Most or all of the other 
alloying elements are at times present in 
small quantities in steels which are neverthe 
less universally designated as carbon steels. 
In many cases such elements are introduced 
fortuitously, it being impracticable to ex 
clude them completely from the raw ma 
terials, including steel scrap, which make up 
the furnace charge. 
We regard as within the scope of our in 

vention all heat-treated steels containing 
zirconium and containing other alloying ele 
ments in less than their normal alloying pro 
portions when such steels are characterized 
by substantially higher ductility than is 
characteristic of zirconium-free steels of 
comparable composition, strength, and hard 
ness; and we make no exception to the fore 
going when the alloying element or elements 
(other than zirconium) are intentionally 
added to produce a special effect. 
We claim : 
1. A heat-treated carbon steel containing 

zirconium and characterized by substan tially higher ductility as indicated by per 
cent reduction of area than is characteristic 

B 

of zirconium-free steels of comparable 
strength and hardness. 

2. A heat-treated carbon steel containing 
0.04 to 0.40 per cent zirconium and charac 
terized by substantially higher ductility as 
indicated by per cent reduction of area than 
is characteristic of zirconium-free steels of 
comparable strength and hardness. 

3. Heat-treated steel containing zirconium 
in association with an alloying element or 
elements, the latter in less than normal al 
loying proportion. 

4. Heat-treated steel containing 0.04 to 
0.40 percent zirconium in association with 
an alloying element or elements, the latter 
in less than normal alloying proportion. 

5. The herein described process compris 
ing introducing zirconium into a carbon 
steel, and heat-treating the product, where 
by it acquires a substantially higher duc 
tility as indicated by per cent reduction of 
area than is characteristic of zirconium 
free carbon steels of comparable strength 
and hardness. 

6. The herein described process compris 
ing introducing 0.04 to 0.40 per cent Zir 
conium into a carbon steel, and heat-treat 
ing the product, whereby it acquires a sub 
stantially higher ductility as indicated by 
per cent reduction of area than is charact 
teristic of zirconium-free carbon steels of 
comparable strength and hardness. 

7. The herein described process compris 
ing introducing into a steel zirconium and 
an alloying element or elements, the latter 
in less than normal alloying proportion, and 
heat-treating the product. 

8. The herein described process compris 
ing introducing into a steel 0.04 to 0.40 per 
cent zirconium and an alloying element or 
elements, the latter in less than normal al loying proportion, and heat-treating the 
product. 
In testimony whereof, we affix our signa 

tures. 

FREDERICK M. BECKET. 
ALEXANDER. L. FEILD. 
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