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ROLLED STEEL HAVING HIGH STRENGTH AND
LOW IMPACT TRANSITION TEMPERATURE AND
METHOD OF PRODUCING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a division of U. §. Pat. application
Ser. No. 786,844, filed Dec. 20, 1968, now U.S. Pat.
No. 3,645,801, which is a continuation-in-part of appli-
cation Ser. No. 741,372, filed June 27, 1968 now aban-
doned.: '

BACKGROUND OF THE INVENTION

This. invention is directed to rolled steel and a
method of producing the same. For convenience, the
method is sometimes hereinafter called ‘“‘continuum
rolling.”

Normal practice used to produce hot-rolled steel
consists of heating the steel to a temperature at which

it'is fully austenitic and then reducing the steel to final.

dimensions as rapidly as possible with a minimum of
heat loss,” generally finishing above the Ar,
temperature. Such-practice takes advantage of ease of
working at high temperature, but does not develop the
combination of desirable properties possible of devel-
opment in as-rolled steel.

Prior studies have shown that higher strength can be
developed in. the steel by use of low-finishing-
temperature rolling. In this practice, the steel is heated
and partially reduced while austenitic, as in hot rolling.
Further reduction of the cross-section is then delayed
to allow the workpiece to cool to a lower-than-normal
temperature after which rolling is continued to the final
desired cross-section in one or-more passes.

In these prior art practices, the cross-sectional area
of the workpiece is reduced to final size and shape in
a sequence of rolling passes. Such-passes may include
two general types, those intended mainly to reduce the
cross-sectional area. of the workpiece and those in-
tended mainly for gage or.shape and which may be ac-
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companied by relatively little reduction. As a matter of .

economy, a rolling sequence should comprise as few
passes as possible or practical. Each pass intended pri-
marily for reduction should therefore effect as great a
reduction in cross-sectional area as possible or practi-

45

cal. Further, it is known that development of the afore-

mentioned * higher - strength. by . low-finishing-
temperature rolling requires reduction of cross-
sectional area of approximately 15 percent or more at
the lower-than-normal temperature.

In low-finishing:temperature rolling, it is known that
the steel is strengthened and its impact transition tem-
perature is decreased by lowering the finishing temper-
ature below the Arg temperature. It is also known that
further strengthening is obtained by further lowering
the finishing temperature below the Ar, temperature,
but impact transition temperature is thereby increased.
In contrast, we have found that by use of continuum
rolling, such further strengthening is accompanied by
a decrease rather than an increase in impact transition
temperature. This combination of high strength and
low impact transition temperature is an unexpected
and very desirable combination of proper‘ties.

SUMMARY OF THE INVENTION

“The steels of this invention.are characterized in their
as-rolled condition (a) by having greater strengths and
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2
lower impact transition temperatures than steels of the
same composition produced by hot rolling and.(b) by
having lower impact transition temperatures than steels
of the same composition produced to the same strength
by low-finishing-temperature rolling.

Broadly, the method of this invention comprises:

1. providing a steel workpiece at a tempertaure at
which it is essentially completely austenitic,

2. rolling said workpiece as it is cooling in the tem-
perature = range between the Ar; and Ar,
temperatures,

3. continuing the rolling of said workpiece as it is
cooling in the temperature range between the Ar,
temperature and 600° F., and

4. preventing complete recrystallization at.any time
after completion of step 2.

The benefits of the invention are primarily applicable
to steels containing not more than 0.35 percent.carbon
and not more than a total of 3 percent of other ele-
ments other than iron.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing the relation-
ship between typical cooling curves.of steel plates and
curves representing various percentages of recrystalli-
zation.

FIG. 2 shows a possible continuum rolling sequence
superimposed on a recrystallization diagram similar to
FIG. 1.

FIG. 3 is a graph comparing lmpact transmon tem-
peratures and yield points or yield strengths of steel of
a particular composition produced by continuum:roll-
ing with those of steel of the same composition pro:
duced by (1) hot rolling: and (2) low-finishing-
temperature rolling.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method of this invention differs from prior art
methods in that (a) the steel must'be rolledin two tem-
perature ranges, namely, between the Ar, and the Ar,
temperatures and between the Ar, temperature and
600° F.'and preferably in three temperature ranges,
namely, the two first mentioned temperature ranges
and the hot-rolling temperature range and (b) com-
plete recrystallization at any time after complietion of
the rolling in the Ary —Ar; temperature range must be
avoided. ‘

The . workpiece for rolling "in the Ary — A1y
temperature range is a steel workpiece at a tempera-
ture at which it is essentially completely austenitic.
Various methods- of obtaining said workpiece will be
recognized by those skilled in the art but preferably
said workpiece is obtained by hot rolling, The amount
of reduction in such hot rolling is not critical, but:from
a practical viewpoint it is helpful to take as much:re-
duction as possible because of ease of working. Said
rolling in-the Ar; — Ar,; temperature range must be car-
ried out as the workpiece is.cooling in ‘that range and.
must comprise one or more rolling passes-including at
least one reduction pass. The meaning of the term *‘re-
duction pass,” as used herein, encompasses both a sin-
gle pass in which the reduction of the cross-sectional
area of the workpiece is at least 15 percent and two.ar
more passes effecting an equal. amount of reduction
and taken in rapid enough succession to prevent any
recrystallization between passes.
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Following the rolling in the Ar, — Ar, temperature
range, rolling must be continued as the workpiece is
cooling in the Ar, - 600° F. temperature range and
must comprise one or more rolling passes in that range
including at least one reduction pass.

Conditions following the rolling in the Ary - Ar,
temperature range must be such that complete recrys-
tallization of the deformed grains produced by the last
reduction pass in said temperature range does not take
place at any time after such last reduction pass and
preferably such that percentage recrystallization does
not exceed 60 percent at any time after such last reduc-
tion pass.

As used herein, percentage recrystallization means
the cross-sectional area of recrystallized grains ex-
pressed as a percentage of total cross-sectional area on
a plane transverse to the direction of maximum elonga-
tion of the workpiece during rolling.

FIG. 1 illustrates diagrammatically the principles
upon which reduction in the Ar; — Ar, range and in the
Ar, — 600° F. range depend. In the FIGURE, the ab-
scissa represents time on a logarithmic scale with zero
time representing the time of completion of a reduction
pass. The ordinate represents temperature, with the Ar,
and Ar, temperatures indicated. Lines 1, 2, and 3 rep-
resent, respectively, times and temperatures for com-
mencement of, 60 percent, and 100 percent recrystalli-
zation. Lines 4, §, 6, 7 and 8 represent the cooling of
steel workpieces. It will be understood that the values
shown in the FIGURE are illustrative only; actual val-
ues depend on the actual workpieces being considered
and can be determined by known methods.

As stated hereinabove, it is necessary to roll the
workpiece in the Ary — Ar,; range and to follow such
rolling by rolling in the Ar, — 600° F. range while main-
taining conditions such that complete recrystallization
is avoided and preferably such that recrystallization
does not exceed 60 percent at any time after comple-
tion of the last reduction pass in the first mentioned
rolling. In the FIGURE, Point A on Line 8 indicates a
temperature to which a steel workpiece has cooled and
which is within the Ar; — Ar, range. Line 5 represents
the cooling of said workpiece after it has been given a
reduction pass at the temperature represented by Point
A. It will be seen that as said reduced workpiece cools
along Line 5, it completely recrystallizes before it cools
to a temperature below the Ar, temperature, thus be-
coming unsuitable for the subsequent reduction in the
Ar, - 600° F. range. There are ways of meeting this situ-
ation. One way is to accelerate the cooling of said re-
duced workpiece by water sprays, air blasts or the like
so that it cools to a temperature below the Ar,
temperature while avoiding complete recrsystailiza-
tion, as shown for example by Line 4. A second way is
to allow said reduced workpiece to cool as shown by
Line 5 to a temperature as indicated for example by
Point B and then to give it a second reduction pass
within the Ary — Ar, range. As shown by Line 6, such
twice-reduced workpiece cools to a temperature below
the Ar, temperature with less than 60 percent recrystal-
lization. A third way is to allow the aforementioned
workpiece of Line 8 to cool to a lower temperature, as
indicated for example by Point C, and then to give it a
reduction pass within the Ary — Ar, range. The cooling
of such reduced workpiece is also shown by Line 6.

As stated hereinabove, complete recrystallization of
the steel at any time after the last reduction pass in the
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Ar, - Ar, range must be prevented. In FIG. 1, Line 7
represents the cooling of a steel workpiece after a re-
duction pass at a temperature below the Ar;
temperature. It is seen that recrystallization is avoided
as such reduced workpiece cools. However, if the tem-
perature at which a reduction pass is effected and the
cooling and recrystallization characteristics of the re-
sulting reduced workpiece are such that it would re-
crystallize before being given another reduction pass or
before cooling to a temperature sufficiently low to pre-
vent recrystallization, then the cooling of said reduced
workpiece must be accelerated by water sprays, air
blasts or the like so as to prevent complete recrystalli-
zation and preferably so as to prevent exceeding 60
percent recrystallization.

FIG. 2 illustrates diagrammatically a possible rolling
sequence for producing a % inch plate by continuum
rolling. In the FIGURE the abscissa represents time on
a logarithmic scale, with zero time representing the
time at completion of a reduction pass. The ordinate
represents temperature on an arithmetic scale, with Ar,
and Ar, temperatures indicated. Lines 1-3 represent
times and temperatures for commencement of, 60 per-
cent, and 100 percent recrystallization. The horizontal
dashed lines represent instantaneous return to zero
time. In this example, a 2% inch slab has been rolled
from a 4 inch slab at temperatures well above the Ar;
temperature and, as shown in the FIGURE, has air
cooled in about 2 minutes to about 1,720° F. This 2%
inch slab is given two passes at temperatures above the
Ar, temperature, first to' 2% inch (A) and then to 1%
inch (B). After each of these passes the plate cools in
air for about 2 minutes, cooling during the latter period
to about 1,385° F., somewhat below the Ar,
temperature.

In the Ar; ~ Ar, temperature range the steel is given
two passes, first to 13 inch (C) and then to 1 inch (D).
After each of these passes the plate cools in air for
about 2 minutes, cooling during the latter period to
about 1,160° F., somewhat below the Ar, temperature.
Percentage recrystallization following the first pass is
small, and there is no recrystallization following the
second pass.

In the temperature range between the Ar,
temperature and 600° F. the steel is given three passes,
first to % inch (E), then to % inch (F), and finally to
% inch (G). After each of the first two of these passes
the plate cools in air for about 2 minutes; after the final
pass, the plate cools in air to room temperature. There
is no recrystallization following any of these passes. .

All of the passes in this rolling sequence are reduc-

tion passes and it is to be understood that such other -

passes as may be necessary can be included provided
that percentage recrystallization is controlled as here-
inabove described. Also, the cooling periods of about
two minutes in air were chosen as a matter of conve-
nience and it is to be understood that percentage re-
crystallization can be controlled with different cooling
periods and different cooling methods as hereinabove
described. '

Following are descriptions of specific examples of
plates produced by continuum rolling and by prior art
methods. _

Thirteen plates were made of steel having the follow-
ing nominal percentage composition:

Al
005

C
.052

Mn P S
1.08.01  .015

Si
02

Cb
03

N,
.002
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balance substantially iron.

4 inch thick slabs of this steel were heated to a tem-
perature of 2,200° F. and rolled to % inch plate in ac-
cordance with the following schedule:

Thickness After Reduction in
Pass No. Each Pass Thickness

1 3’ 12.5%
2 3" 16.7%
3 3ok

4 25" 12.5%
5 2% 19.1%
6 1% 17.6%
7 1% 21.4%
8 1" 27.2%
9 kA 25.0%
10 5! 16.7%
11 %' 20.0%

* Box pass to obtain width.

The Ar, and Ar, temperatures of this steel were
1,500° F. and 1,320° F. respectively at.a cooling rate of
approximately 1,000° F./hr.

Table 1 shows the temperature ranges in which the 20

above reduction schedule was carried out. Plates A~-H
are illustrative of plates produced by prior art rolling
methods, while Plates J-N are illustrative of plates pro-
duced by continuum rolling. The recrystallization char-
acteristics of the steel and the cooling rates and inter-
vals between passes were such that in the rolling of
plates J-N the percentage recrystallization did not ex-
ceed 60 percent at any time after completion of the re-
duction in the Ar; — Ar, temperature range.

Table 2 shows the finishing temperature, yield point 30

or yield strength, tensile strength, elongation, and V-15
Charpy impact transition temperature of each of the
thirteen plates A-N.

FIG. 3 shows for the said thirteen plates the manner
in which impact transition temperature varies with
strength as dependent on the method of rolling. In the
FIGURE, points A, B, and C represent plates produced
by hot rolling, points D and E represent plates finished

at. .temperatures . between the Ar; and the Ar,

temperatures -~ by - low-finishing-temperature rolling,
points F, G, and H represent plates finished at tempera-
tures - below :the Ar, temperature - by low-finishing-
temperature rolling, and points J, K, L, M, and N repre-
sent plates produced by continuum rolling. Both the
FIGURE and Table 2 show clearly that the plates pro-
duced by continuum rolling have higher strengths and
lower impact _transition temperatures than do those
produced ‘by hot rolling. Moreover, Table 2 shows
clearly that finishing the rolling at temperatures below
the: Ar, temperature = either by low-finishing-
temperature. rolling or. by continuum rolling increased
the strength of the steel over that obtained by finishing
the rolling at temperatures above the Ar, temperature.
However, the important distinction shown by both the
TABLE. and the FIGURE is that when such further
strengthening is by low-fmishing-temperature rolling
impact transition temperature is raised as strength is
increased, whereas when such further strengthmg is by
continuum rolling impact transition temperature is low-
ered as strength is increased. The difference is substan-
tial. For example, the dashed. lines on the FIGURE
show that low-finishing-temperature rolling could pro-
"vide a plate with a yield strength of 75,000 psi and an

25
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impact transition temperature of approximately -plus
80°F., whereas continuum rolling could provide a plate
of the same strength with an impact transition tempera-
ture nearly 200° lower, namely, approximately minus
115°F

Table. 3 gives the percentage compositions of seven
other steels from which specific examples of plates
were produced by continuum rolling and by prior art
methods. In each of these steels the balance of the com-
position was substantially iron. Varieties included are
semi-killed, killed, carbon, low alloy, bainitic, and pre-
cipitation hardening steels.

The Ar; and Ar, temperatures of the Table 3 steels
at cooling rates of approximately 1,000° F./hr. are
shown in Table 4.

TABLE 4

NO. Arg Ar,

1 1520° F. 1400° F.
2 1520° F. 1320° F.
3 1500° F. 1300° F.
4 1440° F. 1220° F.
5 1400° F. 1200° F.
6 140C° F. 1160° F.
7 1140° F. 960° F.

One or more slabs of each of the compositions speci-
fied in Table 3 were rolled to % inch plate by contin-
uum rolling. For comparative purposes,.one or more
slabs of each composition were also rolled into % inch
plate by prior art rolling methods. The details of the
rolling practices, and the resulting yield strengths or
yield points, tensile strengths, and V-15 Charpy impact
transition temperatures are set forth in Tables 5-11.

In reference to the data set forth in Tables 5-11, it is
well known that the strength and impact transition tem-

35 perature of a steel are affected both by the composition

65

of the steel and by the way in which it is processed. For
example, Tables 5-11 show a wide range of strengths
and impact transition temperatures for steels of seven
different compositions each of which was rolled' by
prior art methods and by one or more examples of con-
tinuum rolling, while. Table 2 shows a wide range of
strengths and impact transition temperatures for a steel
of a particular composition rolled in a number of ways,
including several different examples of continuum roll-
ing. Every plate produced by continuum rolling has an
unexpectedly good combination of strength and impact
transition temperature, but for the reason. cited above
it is not possible to broadly characterize the product of
continuum rolling. in terms of specific values of those
properties. As said earlier, the products of continuum
rolling are characterized in their as-rolled condition (a)
by having greater strengths and lower impact transition
temperatures than steels of the same composition pro-
duced by hot-rolling and (b) by having lower impact
transition temperatures than steels of the same compo-
sitions produced to the same strength by low-finishing-
temperature rolling. ‘

Although the method of this invention has: been de-
scribed only in connection with the rolling of plates, the
method may be used in the.rolling of other products
such as billets, bars, structural sections and the like.

All references herein to steel compositions in terms
of percentages are weight percentages.
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TABLE 1 TABLE 2
Reduetion in V-15 Chi
thickness, inches Reduc- Percent im ; u;‘:“i
. (¢ pact transi
No.of Temperature¢ ———— tion, Finishing Yield Tensile elongation tion tem-
Plate passes range,°F., From— To—  pereent tempera- point,  strength, ————— perature,
Hot Rollin 5 Plate ture, ° F. p.s.i. psd. 27 8 ° .
g
1 2,201,840 1 15 87.5 Hot rolling
11 2,200-1, 720 4 14 87.5
11 2,200-1, 530 4 1g 87.5 1, 840 46, 400 pai -+50
1,720 55, 700 21 +15
Low-Finishing-Temperature Rolling 1,530 53,900 24 -35
Doaas 10 2, 200-1, 800 4 s .3
E { 1 1, 490 5% §§ % 0 10 Low-Finishing-Temperature Rolling
............... & 2, 260-1, 500 4 1 75.0
3 1, 500~1, 405 1 15 50.0
S 10 22001800 4 . 843 P Tig B0 030 8o 9
1 1,810 % g 20.0 , d ,300 ... -30
[ T 10 2 200-1, 800 4 bg 84.3 Fo_.... 1,310 59, 500 74,300 ) SR —5
bod el o & ED g g me s i
b: SO { 10 2,200-1, 800 4 8 8.3 g5 ST ' ) +
1 910 %% bs 20.0
Continuum Rolling Continuum Rolling
7 7 2, 200-1, 500 4 134 1,205 65,100 —85
T 2 1,500-1,320 134 1A 1,080 78,500 —140
2 1,320-1, 205 3% ig 900 *84, 000 —185
K 6 2,200-1,500 4 1% 730 *107, 600 —~200
B 2 1, 5001, 320 1% i 625 *113,100 ~150
3 1, 320—1, % 1 ;;2
a 2,200-1, f 4 2 46. 8
P { 5 hE SR B *Yield strength (0.2% offset).
4 1, 320-400 13%4 13 63.6
M 4 2, 200-1, 500 4 2% 34.4
Sttt 2 1, 500-1, 320 294 134 33.3
5 1,320~730 1% L4 7L5
N J 4 2,200-1,500 4 284 34.4 25
Tttt 2 1, 500-1, 320 284 134 33.3
l 5 1,320-6% 13 1T
TABLE 3
Composition (percent)
No. Type C Mn P 8 8i Ni Cr Mo Cu Al v Cb B N
______________ Very low C-Mn-V___.__ .002 1.08 . 009 .018 .02 .01 .01 . 008 .01 <.005 .06 Nil Nil . 002
. wC-Mn_ _ ... . 051 1.03 . 008 L0156 .02 .02 .01 . 002 01 <005 . 002 Nil Nil . 001
. Low C~-Mn-V-N. - .050 1.08 . 009 .015 .02 .03 .01 . 008 .01 X.005 .07 Nil Nil . 008
- Low alloy.. - .10 .69 . 033 . 8;2 . g‘(]) gé . gz %}{ . g‘; <. gg . 883 I]gl{ g}{ . 88;
- C-Mn.... 28 111 . 020 . . . . . . . i .
- 19 copper .24 108 14 .015 .33 .02 .01 Nil 100 .079 .003 Nil Nil. .008
. Bainitlc.., .. .12 105 011 .014 .28 .04 . 50 .80 .02 .039 . 003 Nil . 003 .007
TABLE 5
Steel No. 1 Very Low C-Mn-V
Reduc- Yield Tensile V-15 Charpy
' No.of Temperature Thickness, tion, point, strength, transition
Réduction practice passes range, ° F. inches percent k.sd. k.s.d. temperature
11 2,200-1,710 4/ —mslg!! 87.5 27.0 43.4 +5°F,
11 2,200-1, 550 ‘Ii” ’—2'2‘:: gzz 24.0 42,1 +420° F.
4 2,200-1, 520 4" ——284 X S,
2 1, 520-1, 400 284/ '-—13{"" 2 R S
5 1, 400-880 1841 —~—1g 71.5 *62.0 69.3 —260° F.
TABLE 6

Steel No. 2 Low C-Mn

Reduc- Yield Tensile V-15 Charpy

. No. of = Temperature Thickness, tion, point, strength, transition
Reduction practice passes range, ° F. inches percent k.s.t. k.s.i. temperature

11 2,200-1, 700 47— 87.5 32,4 40.4 —10°F.

(] 2, 200-1, 520 4 ——13g7 56,2 il

2 1,520-1,320 134" ——1"" A28 et

2 1,320-1,100 1/ —— by 50.0 *63.7 70.4 —110° F.

4 2, 200-1, 520 47— 2841 4.4

2 1,520-1,320 284" ——134" 33.3 ...

i) 1, 320-8%0 13— 15" 7.5 *69. 2 77.2 . —285" ¥

*Yield strength (0.2% offset).
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TABLE 7
Steel No. 3 Low C-Mn-V-N
No.of T Phick Reguc- Y{eltd tTcnil}lle y—lsﬁharpy
0. of “omperature "Thickness, on, point, strength, transition
Reduction:practice passes range, ° F. inches percent k.s k.s.l. temperature
Hot: rolllng u 2,200-1, 610 47 lg!? 87.5 49.3 61.9 —25°F
............... 10 2, 200-1, 505 [ 4l 87.5 55.0 62.1 —55° F.
Contlnuum rolling. 6 2,200-1, 500 4132 X
|2 1 SRR 2 1, 500-1, 300 l%”———vl"
Do .................................. 2 1, 3001, 205 17 —alg? —185° F.
*Yield strength (0.2% offset).
TABLE 8
Steel No. 4 Low Alloy
Red}m- Yielki Tenslég \;—15 (ijttimrpy
No.of Temperature Thickness tion, point, strength, - transition’
Reduction practice passes range, ° F. inches percent ksl k.s.d. temperature
11 2, 200-1, 700 5/——15" 90.0 5.7 72.5. ~10°F,
11 2, 200-}, 490 g::—:’l}é”', g(;(s) 56.5 73.5 . —70° F.
o2 200_1’5'5‘26‘ sty o0 5.4 T —20° F.
5 2,200-1450  57——08"  BL5 ...
3 1,440-1,220 214""—-—.830" 6.0 ... .
1 ! 1,110 83077 — —sli" 39.8 9.5 98.6 —200° F.
* Yield: strength (0.2%, offset).
‘CARLE o
ftenl No. § C-Mn (Killnn,
Reduc- Yield Tenslle  V-15 Charpy
No. of ‘Temperature Thickness, tion, point, strength, transition
Reduction practice passes range, ° F. inches percent k.s.d. k.s.f. temperature
11 2, 200-1, 740 67 —— 15" ~35° F.
9 2, 200-1, 500 67— 15! —55° F.
10 220041850 a5
1 1,310 54/ —— 197 —5°F.
5 2, 200-1, 400 /1y D1LH
2 1,400-1,200. 214""——135"" -
Do- e memmemmeeeelemmeaiensenann 2 1,200,100  134"——15" —~180° F.
*Yield strength (0.2% offset).
- TABLE 10
Steel No. 6 1% Copper
Reduc- Yield Tensile V-15 Charpy
No. of Temperature Thickness, tion, point,.  strength,  transition
Reduction practice passes range, ° F. - inchés percent k.s. ks temperature
P
Hot rolling._._._. 11 2, 200-1, 650 4y +20° F
Continuum rolling. 5 2, 200-1, 400 47——014""
Pooooail. 3 1, 400-1, 160 214! —r 1M
| O 7 TR PRI 3 1, 160-040 1/ —slig?? —185° F.
*Yield strength (0.2%, offset).
TABLE 11
Steel No. 7 Balnitle
Reduc- Ylfvld Tengile V-15 Charpy
No.of Temperature Thickness, tion, polnt, strength, transition
Reduction practice passes range, ° F, inches - percent k.8l k.s.l. temperature
10 2, 200-1, 500 4r——lgr 87.5 41,1 79.2 =5°F.
10 2, 200-1, 360 s 2 87.5 39.4 84.6 -75°F
7 2200-1,140 471357 65.6 ... e RO
2 1,140-960 134"—.830"" 39,6 e
1 920 .830"——)g" 39.8 *98.4 116.9  —205° F.

*Yield strength (0.2% offset).
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We claim:

1. A ferrous alloy article which has been heated then
worked as it is cooled through the range between the
Ar, and Ar, temperatures, and subsequently between
the Ar, temperature and 600° F., characterized by a
V-15 Charpy impact transition temperature not higher
than about —50° F and by a yield strength of at least
65,000 psi and containing, by weight percent, a maxi-
mum of 0.35 percent carbon, a maximum total of less
than 3.0 percent of other elements, and the balance
iron, and a crystalline structure of deformed grains
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which have been recrystallized by an amount not to ex-
ceed 60 percent.

2. The ferrous alloy article of claim 1 wherein said
article is a rolled steel plate.

3. The ferrous alloy article of claim 1 characterized
by a V-15 Charpy impact transition temperature not
higher than —100° F and by a yield strength of at least
75,000 psi.

4. The ferrous alloy article of claim 3 wherein said

article is a rolled steel plate.
* * * * *



