Patented Apr. 28, 1942

2,280,796

UNITED STATES PATENT OFFICE

‘2,280,796
PHOSPHORUS TITANIUM STEEL

George F. Comstock, Niagara Falls, N. Y., assign-
or to The Tlta.mum Alloy Ma.nufacturmg Com-
pany, New York, N. Y., a corporation of Maine

No Drawing.

Application December 18,1940,

Serial No. 370,683
(CL 75—125)

2 Claims.

This invention relates to a new and useful
iron alloy or steel. More particularly, it relates
to such a steel containing carbon, phosphorus,
titanium, manganese, silicon and copper.

For structural steels that must be exposed to
the weather in service it is well recognized that
a high yield point in tension and good resistance
to corrosion are of primary importance. A rea-
sonable amount of ductility as insurance agains&
failure under slight overloading or suddenly ap-
plied loads is also desirable. It is well known
that a certain amount of phosphorus in the steel
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contributes to these desirable qualities and can .

be used safely if the carbon content is not too

high. However, for steels which are fabricated:

by welding, the property of maintaining tough-
ness when rapidly cooled from high temperatures,
or absence of air-hardening, also becomes of great
importance. Many of the low-alloy high-strength
steels, which are now in use and which rely on
- phosphorus as a strengthening and anti-corrosion
agent, are not specially. desirable for welded

15

20

structures because they are apt to crack, harden

and lose toc much ductility when rapidly cooled
in air from the welding temperature.

These difficulties can be overcome by providing
a new alloy steel containing carbon, phosphorus,
titanium, silicon, manganese and copper in cer-
tain well defined and limited percentages.

As in the case of many alloys, greater toler-
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ance is permitted in the case of some of these -

alloying elements than with others.
quantity of carbon should be most strictly limited,
followed by phosphorus, titanium, silicon, man-
ganese and copper in order of importance. . If the
carbon is allowed to drop too low, the strength
of the resulting steel will be impaired. If it is
allowed to rise too high, the steel becomes much
too brittle when rapidly cooled from high temper-
atures, as in welding. With low phosphorus, the
steel will not be sufficiently anti-corrosive; with
high phosphorus, the steel becomes brittle as

with high carbon. Low amounts of titanium can

be permitted only if the carbon and phosphorus
are also low, while excessive amounts of titanium
should be avoided from the standpoint of ex-
pense. High silicon tends to ‘make the steel
brittle. High copper causes precipitation hard-
ening on slow cooling, and creates difficulty in
maintaining smooth surfaces in rolling,

Thus the,
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In accordance with this invention the broad

and preferred quantities of these alloymg ele-

ments are as follows:

Broad Perferred

Percent
Carbon.____._.__._.___.____ 0.08 t0 0. 11
Phosphorus._ 0.10 to 0.16
Titenium. .. 0.40 to 0.60
Silicon_.___1______ 0.15t0 0.25
Manganese_ ... _....._._._......______. © 0.85t01.25
[6)6) 422 S SN 0,45 t0 0. 60
Most of the balance of the alloy is iron, but small

amounts of chromium, nickel, molybdenum, va-
nadium, zirconium and/or columbium, and per-
haps also other elements, may be incorporated
without detracting from the desirable character-
istics of the present alloy.
ments, such as chromium, may in fact enhance
these characteristics slightly, but any improve-

ment attained does not usually justify the ex- -
~ pense of these elements.
25 .

The present alloy is characterized by its re-
sistance to corrosion, a high y1eld point of at
least 50,000 pounds when cooled in still air (nor-
malized) from 1650° F., high tensile strength,
high ductility and high re51stance to impact, with
an Izod impact value of at least 20 when quenched
in water from 2000° F,

The following Table I jllustrates various alloys
according to this invention. - In each case sub-
stantlally the balance of the alloy is iron.

Table 1

Example (o] P Ti | 81 | Mn | Cu
L1451 .585 | .16 | 1.34 .07
147 1,67 | .21 87 .58
147 (.54 .18 .33 l.01
142 1,48 20 | 1.22 .44
128 | .42 24 112 5
12 [.315 (.15 .99 5
L080 | .442 .22 |1, 11 5
.083 [ .315 .19 | 1.15 53

In the following Table II, some of the physical
characteristics of these alloys are 1ndlcated

Some of these ele- -



Table 11
. _ Normalized at 1,650° F.
Example No. . ’

Yield | Tensile | Brinell | Impact

point { strength | hardness{ value
69, 700 144 143
. 71,000 141 138
71, 000 138 14
76, 500 149 148
70, 700 143 150
71, 300 149 183
68, 500 143 148
71, 600 143 152

Quenched in water from 2,000° F.
Example Yield
No. point | mensile | Reduction | Brinell | Impact
strength of area - | hardness | value
Percent :
61. 5 232 52
60.2 238 41
84.5 241 41
55.0 302 64
'59.0 285 80
58.0 285 50
65.9 265 80
61.3 302 64

The yield point and tensile strength are given

in pounds per square inch, and the impact value
- 80

is the Izod impact resistance in foot-pounds.

The inferior nature of alloys resulting when
some of the alloy constituents fall outside the
ranges .indicated are shown from similar tests
made on such alloys. For example, an alloy con-
taining 0.094% <carbon, 0.15% phosphorus, 0.45%
titanium, 0.50% silicon, 0.88% manganese, and
0.47% copper, with the remainder iron, showed
an impact value of only 5 when quenched in wa-
ter from 2000° F'., showing the effect of high sili-
con. An alloy containing 0.095% carbon, 0.791%
phosphorus, 0.60% titanitim, 0.21% silicon, and
0.38% manganese, with the remainder iron, shows
the effect of high phosphorus. A sample of this
alloy, when quenched in water from 2000° F., was
so brittle that it broke in machining prior to test-
ing. The effect of low titanium is shown by an
alloy containing 0.07% carbon, 0.127% phos-
phorus, 0.218% titanium, 0.189% silicon, 1.09%
manganese, and 0.52% copper, with the remain-
der iron. When quenched in water from 2000°
F.,, this alloy had an impact value of only 11.
Finally, the effect of too high carbon is shown

in the following Table IT1:
Table I11
c P | Ti| si | Mo |lmpsct
134 | 10 §.556| .16 | .40 18
.124 | .15 |.585 | .22 | .40 5
a2 | .2 .5vl L15 | .40 4

As with the other alloys discussed, the remainder
is substantially iron. S
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As Is well known in steel making practice, ti-
tanium and carbon combine to form titanium
carbide, (TiC), and in this respect titanium is
similar to zirconium, columbium and vanadium.
However, titanium is cheaper and more readily
available than these metals. In addition, titani-
um has a marked effect on the phosphorus in the
alloy, in particular reducing the tendency of the
latter to make the steel brittle. The titanium
may be added to the steel in the form of low-
earbon or medium-carbon ferro-titanium. The
latter, being less expensive, is preferred when-
ever the carbon content of the steel will not be

~unduly raised by its addition.

By the practice of the present invention struc-
tural steels of high yield point and good weld- -

- ability may be obtained. They may be quenched
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in water from high temperatures without great
increase in hardness or loss in resistance to im-
pact. They have excellent resistance to corro-
sion. )

As many variations are possible within the

-scope of this invention, it is not intended to be

limited except as defined by the appended claims.
It is understood, for example, that the present
invention contemplates the addition of small
amounts of chromium, nickel, molybdenum, vana-
dium, zirconium and/or columbium, where such
additions do not change the fundamental char-
acteristics of the alloy.

Iclaim:

1. An iron-base alloy or steel consisting of
0.06% to 0.12% <carbon, 0.08% to 0.2% phos-

‘phorus, 0.2% to 0.7% titanium, 0.1% to 0.3%

silicon, 0.3% to 1.5% manganese, an appreciable
amount up to 1.2% copper, and the balance iron,
characterized by its resistance to corrosion, a
yield point of at least 50,000 pounds per square
inch when normalized at 1650° F. high tensile
strength, high ductility, and an Izod impact re-

. sistance value of at least 20 foot-pounds when
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quenched in water from 2000° F.

2. An iron-base alloy or steel consisting of
0.08% to 0.11% carbon, 0.1% to 0.15% phos-
phorus, 0.4% to 0.6% titanium, 0.15% to 0.25%
silicon, 0.85% to 1.25% manganese, 0.45% to 0.6%
copper, and the balance iron, characterized by its
resistance to corrosion, a yield point of at least
50,000 pounds per square inch when normalizéd
at 1650° F., high tensile strength, high duectility,
and an Izod impact resistance value of at least
20 foot-pounds when quench in water from
2000° P,

GEORGE F. COMSTOCK.



