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ABSTRACT OF THE DISCLOSURE

An austenite type heat-resistant steel, containing in
weight percent from 0.1 to 1% carbon, from 0.01 to 3%
silicon, from 0.01 to 10% manganese, from 13 to 35%
chromium, from 15 to 50% nickel, and the balance essen-
tially impurities and iron, or additionally other elements
such as Co, W, Mo, Nb, Ti, Al and/or N, which is char-
acterized by high strength at elevated temperatures, and
which 1s adaptable to forming by forging or centrifugal
casting processes, is provided herein.

BACKGROUND OF THE INVENTION

Field Of The Invention

This invention relates to an austenite type heat-resistant
steel which is capable of use at elevated temperatures of
over about 750° C. This invention further relates to a
process for producing the same.

Description Of Prior Art

Recent developments in the petrochemical industry,
particularly in the production of ammonia, methanol,
- eihylene or the like, has resulted in a demand for steels
which are capable of withstanding high temperatures, in
the order of over 750° C., for extended periods of time.

Heretofore, 0.05C-25Cr-20 Ni stainless steel and 20Cr—
32N1-0.5A1-0.5Ti-Fe alloy (Incolloy 800 alloy) have
found wide use for applications involving temperatures of
below 850° C. These alloys, however, have suffered from
a variety of shortcomings. For one, since these alloys con-
tain a relatively low carbon content, their strength is con-
siderably reduced and they are generally incapable of
withstanding a sustained load at such elevated tempera-
tures. Although these shortcomings can be avoided to
some extent when high carbon-high chromium-high nickel
stainless steels are used as castings produced by the cen-
trifugal casting process, the use of that technique does
not alleviate the entire problem. Tubes produced by the
centrifugal casting process are characterized by high
strength at elevated temperatures, but they cannot be
formed into small diameter shapes of less than 75 mm.
C.D. and wall thicknesses of below 6 mm. Moreover, they
cannot be formed into tubes of lengths of over 2 m. with
diameters of 75 mm. O.D. nor tubes of lengths of over 4
m. with diameters of over 120 mm. O.D. Furthermore,
tubes formed by that method have generally inferior in-
ner surfaces and, of course, that technique cannot be used
to produce sheets.

Previous attempts have been made to improve the high
temperature strength of high carbon-high chromium-high
nickel stainless steel, by use of a solution heat treatment
in which, after the steel has been hot or cold worked, it
1s heated to a temperature of from 1,000° to 1,300° C.,
and then water quenched. These efforts, however, have
met with only limited success in terms of creep rupture
strength, and the strength is only slightly improved as
compared with steels of low carbon contents, such as
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0.50C-25Cr20Ni stainless steel or 20Cr—32Ni-0.51A1-0.5
Ti-Fe alloy. |

Other attempts at improving high temperature strength
properties include the addition of Co, W, Nb, Ti, Al or
the like, to the forging alloys, for instance, to such steels
as high Cr-high Ni stainless steel having less than 0.1%
level of carbon. This has been shown to be satisfactory in
certain instances to provide strength characteristics com-
parable to that of high C-high Cr-high Ni stainless cast
steels. Nevertheless, those alloys are generally character-
1ized by poor hot or cold workabality, so that they are
difficult to form into long length, small diameter tubes.

A need continues to exist, therefore, for a high tem-
perature, heat resistant steel having high strength proper-
ties at the higher temperature ranges which possesses good
workability.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a high Cr-high Ni heat resistant steel having high
strength properties at temperatures of above 750° C.

It 1s another object of the invention to provide high Cr-
high Ni heat resistant steel which is suitable for use in
forgings, rollings, or extruded forms with the superb char-
acteristics which permit the production of tubes having
improved wall thickness and length and the production of
sheets.

It is a still further object of the present invention to pro-
vide a process for producing such a high Cr-high Ni heat
resistant steel.

These and other objects, as will hereinafter become
more readily apparent, have now been attained by the dis-
covery that the high Cr-high Ni heat resistant stee] hav-
ing high strength characteristics at elevated temperatures
and which has desirable forging, rolling or extrusion char-
acteristics, can be obtained by the use of a novel alloy.
In particular, it has now been discovered that the creep
rupture mechanism of a stee] used at elevated tempera-
tures ranging from 800° C, to 1,000° C. appears to differ
from that of a stee] used within a temperature range of
from 600° to 700° C. At temperatures above 750° C., say,
at 1,000° C., in order to attain improved creep rupture
strength, it is necessary for the carbide to precipitate on
the grain boundaries in a continuous or partially-continu-
ous form. The ratio of the carbides occupying the grain
boundaries (the grain boundary occupying ratio) should
nevertheless be over 30%, preferably over 50%. These
facts have led to the discovery of an alloy steel wherein
the carbides appearing on the grain boundaries are pre-
cipitated in continunous or partially-continuous form. This
steel alloy contains carbon, silicon, manganese, chromium,
nickel, and the balance essentially impurities and iron.

This steel alloy is produced by a novel process which
includes a unique heat treatment technique wherein the
steel 1s heated to a temperature in the range of from
1,150 C. to the solidus temperature, and it is then cooled
to a temperature of 950° C. or higher. Subsequent to this
solution heat treatment, after the casting or working of
the steel, the slow cooling is followed by water quenching.

BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 1s a graphical representation of austenite type
stainless steel compositions containing from 0.004 to 1.2%
carbon, about 25% chromium and from 8 to 50% nickel;

FIG. 2 are photomicrographs of selected composition
structures wherein FIGS. I and II are provided for pur-
poses of comparison with structure III of the present in-
vention. FIG. IV shows a structure having a carbide pre-
cipitate dispersed within the grains: and,

FIG. 3 is a graphical representation of the ratio of grain
boundary occupation of carbide and its effect on creep
strength.
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DETAILED DESCRIPTION OF THE INVENTION

In greater detail, the present invention provides an
austenite type heat resistant steel having high strength
properties at elevated temperatures, and containing, In
weight percent, from 0.1 to 1% carbon, from 0.01 to 3%
silicon, from 0.01 to 10% manganes, from 13 to 35%
chromium, from 15 to 50% nickel, and the balance es-
sentially impurities and iron. This alloy is characterized
by a precipitation of carbides on the grain boundaries in
a continuous or partially-continuous form.

The present invention further provides an austenite type
heat resistant steel containing, in weight percent, in addi-
tion to the alloy elements referred to above, at least one
element selected from a group of less than 30% cobalt,
less than 10% tungsten, less than 10% molybdenum, less
than 5% niobium, less than 5% titanium, less than 5%
aluminum and less than 0.5% nitrogen.

- Furthermore, the present invention presents a process
for producing an austenite heat resistant steel having the
above-defined composition which is subjected, subsequent
to casting or working, to a heat treatment at a temperature
of from 1,150° C. up to the solidus temperature, followed
by slow cooling from said temperature to a temperature
of 950° C. or higher, for a time of from 5 seconds to one
hour, and thereafter water quenching.

Referring now to FIG. 2, photomicrographs of austenite
type stainless steel structures having a variety of com-

positions containing from 0.004 to 1.2% carbon, about
25% chromium and from 8 to 50% nickel are shown.

Those compositions were subjected to heat at a tempera-
ture of 1,280° C. for 10 minutes, slow cooling from 1,280°
C. down to 950° C. for one hour, and then water quench-
ing to room temperature. |

Table I further describes the structures shown in FIG.
2 and indicates the creep rupture strength of the various
austenite type compositions.

FIG. 2 (1) shows a structure having no carbide precipi-
tate on the grain boundaries; (II) shows carbide precipi-
tate aligned partially on the grain boundaries, with a grain
boundary occupying ratio of up to 30%; (III) shows a
structure having a continuous carbide precipitate on the
grain boundaries, and (IV) shows a structure having a
carbide precipitate dispersed within the grains. As shown
i Table I, sample No. 101 of the structure (I) where
no carbide precipitation occurred on the grain boundaries,
comparatively inferior creep rupture strength was ob-
tained. In Sample No. 102 of structure (II), carbide was
precipitated only in partial alicnment with the grain
boundaries and likewise showed a comparatively low creep
rupture strength. In contrast, Samples Nos. 102 to 109
of the structure (III), wherein carbide precipitation oc-
curs on the grain boundaries, improved creep rupture
strength was obtained.

FIG. 3 shows the result of a series of tests made to
clarify the effect of the quantity ratio of carbide precip-
itation on the grain boundary on the creep rupture strength
of steels containing 0.4% carbon, 25% chromium, and
20% nickel.

This figure clearly indicates that the higher the quantity
ratio of carbide precipitation in grain boundary, the higher
will be the creep rupture strength. If the quantity ratio
falls to less than 20%, however, the creep rupture strength
will be only moderately increased. If the quantity ratio in
the grain boundary is more than 30%, the creep rupture
strength will be greatly improved and will be substantial-
ly equal to that of cast materials. Moreover, the creep rup-
ture strength will be superior to that of cast materials if
quantity ratio in the grain boundary exceeds 50%.

From the above results, it is concluded that the ratio of
grain boundary occupied by carbides should be over 30%,
and preferably over 50%.

With particular reference to the alloying elements such
as C and Ni which play an important role from the struc-
tural viewpoint, it can be appreciated from FIG. 1 that
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if the carbon level is less than 0.1%, such as in structures
(1) and (I1), the creep rupture strength will be extremely
inferior, whereas if the carbon Ievel is over 0.1% as
shown in (III) of Table I, the creep rupture strength will
be greater. However, if the carbon level i1s over a certain
limit, the creep rupture strength will be reduced conversely,
as shown in Table 1. Furthermore, the higher the carbon
content, the lower the cold workability. With these factors
in mind, the upper limit of the carbon content has been
set as 1%.

The amount of Ni can vary from between 15 and 50%.
Table 2 shows the creep rupture strength at 1,000° C., of
a stainless steel containing about 0.4% carbon, about 45%
chrommum, and from 8 to 45% nickel. This steel had
been subjected to heat treatment at 1,280° C. for 10
minutes, and was then slowly cooled from 1,280° C. down
to 950° C. for one hour, followed by rapid cooling to
room temperature. Samples 201 and 202 represent stric-
ture (1) characterized by a low creep rupture strength,
while samples 203 to 208 containing over 15.7% Ni, rep-
resent structure (III) which is characterized by greatly
improved creep rupture strength. The higher the nickel
content, the higher will be the creep rupture strength.
However, 1f the nickel content exceeds 50%, no further
improvement in strength will be obtained, and it will only
be adding to the costs.

TABLE 1
1,00{% hr.
Creep rupiurs
Alloy element, percent pstre?lgth
Sample (kg./mm.2)
number C Cr Ni Structure at 1,000° C.
100 e 0. 40 24,91 19.92 1 1. 90
101, e 0. 04 25.18 20,40 11 0.90
102 e 0.08 25, 32 19.99 III 0.95
103, o e 0.14 24, 69 20,38 JII 1. 65
104 _ . ... 0. 20 290,04 19,57 IilL 1,70
105, e oo 0. 31 25, 46 20.59 III 1. 90
100 e 0.43 25. 82 20.41 TITY 1. 95
107 e 0. 65 25. 18 20,23 111 1. 90
108 e e 0.82 25. 45 19.74 11X 1.90
109 ... 0.95 24.71 20.16 JI1X 1. 80
| § 1 ¢ SR 1.15 25. 38 20.21 IIT 1.65
TABLE 2
1,000 hr.,
creep rupture
Alloy element, percent strength
Sample (ke /mm.2)
number C Cr Ni Structure at 1,000° C.
201 _._ 0. 39 25. 24 8.20 1 0.85
202 e 0.42 20, 56 13.51 1 0. 90
208 e 0.47 25. 38 15.70 IR 1. 85
204 e 0.43 25. 80 20.46 IIX 1.95
200 e ams 0.35 25. 42 24,82 11X 2.05
200 .. 0. 39 24.75 30,67 III 2. 00
207 - e 0.42 24. 96 35.53 1II 2.10
v |} S 0.37 25.18 45. 40 2. 00

11X

Silicon may be used within the range of 0.01 to 3%.
Silicon is added to the molten steel during production for
the purpose of deoxidation. Although silicon improves the
oxidation resistance of the steel for use at elevated tem-
peratures, greater than 3% will impair weldability and
workability, and enhance the formation of a sigma phase.

Manganese may be present in amounts of from 0.1 to
10%, also, for the purpose of deoxidation during steel
making. Manganese tends to stabilize the austenite and to
provent the formation of a sigma phase. If more than
10% , however, is used, oxidation resistance is reduced.

Chromium may be present in amounts of from 15 to
33%, also to improve the oxidation resistance of the steel.
For product use at temperatures of over 750° C., the
chromium content should be at least 15%. However, if
greater than 35% is used, such larger amounts can cause
difficulties in hot or cold working, and also increase the
tendency of sigma phase formation.

To further improve the creep rupture strength at ele-
vated temperatures, Co, W, Mo, Nb, Ti, Al and/or N
may be further added.

Cobalt should be present in amounts of less than 30%.
Cobalt will completely dissolve in the matrix of high

3



5
Cr-high Ni austenite to greatly improve the creep rupture
strength. If the level exceeds 30%, the cost of the steel
will be mcreased unfavorably.

If tungsten is used, the quantity present is limited to
amounts of below 10%. Tungsten, together with molyb-
denum, dissolve at the solution heat treatmeni tempera-
ture in the austenite matrix, with a part thereof precipi-
tating in the form of carbides during the slow cooling.
The greater amount, however, will remain in solid solu-
tion, so that during use, it will precipitate as fine carbide
particles within the grains to thereby increase the product
strength. However, even if the level is increased beyond
10%, there will be no substantial increased effectiveness,
and the hot or cold workability can be impaired.
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in FIG. 2 (IV). As can be observed, no precipitate oc-
curred on the grain boundaries. It i1s advantageous, in a
sense, that the higher the temperature of the solution
heat treatment, the shorter will be the time required for
the solution of the carbides. However, if the tempera-
ture reaches the solidus line of the steel, the steel is likely
to melt. Accordingly, the temperature of the solution heat
treatment is limited to the range of from 1,150° C. to the
solidus line. -

Table 4 compares the structures of steels according
to the present invention with certain controls. Those
samples were heated at 1,280° C. for 10 minutes after
forging, and then slowly cooled fo 950° C. for a time
ranging from 1.1 second to 1.5 hour.

TABLE 4
Alloy element, percent Cooling time from 1,280° C. down to 950° C. (X)
Sample 11 2.4 4.1 5.7 15.6 28.3 1.1 4.3 2.85 1 1.5
number C Cr Ni sec. sec. sec. - sec. sac, sec., min. min, min. hr hr.
": {1} - 0.04 1R, 27 8.36 I 1 I I I I I I I I 1.
402 e 0.58 17.98 8.0L I I ] I I I I Ji I I II.
": 3 § I 0.07 18.16 12,11 I I I I I 1 [ ] I 1 [ I.
412 e 0.78 18.03 12,28 T I 1 1 I I I I I 1X 1X.
": 5] 0.05 20.33 15.27 I I [ 1 I I 1 I 1 1 1.
4292 . . 0. 62 19,85 15.53 I I I X IT 11 1§51 111 111 111 I1I.
431 . e 0.08 25.32 19.99 X H 1 I I 1 I 1 I T 1.
432 . 0. 14 24, 69 20.38 I I I I I I I 1T I1 I1I 111,
433. e . 0.20 25.04 19.57 1 1 1 1 11 1T II1 11T 1Y 111 T1T.
434 . 0.43 25.82 20.41 I I I 1X 11X 111 TIX 111 111 111 IT1.
" 2 & T 0. 95 24.71 20,16 I 1 11 11X 1381 111 111 IET JII 111 111,
430, e 1.15 25.38 20.21 1 I II 11T IIL 111 11X IIX 111 111 I1L.
441 .. _ 0.04 20. 21 3i.82 I 1 | I I I 1 I 1 1 1 I.
442 o . 0.13 20. 16 32.05 I I I 11 IT 11X 11X T¥T II1 111 IT1.
443 . i 0. 28 19,94 32.83 1 I I II II1 11T IT11 111 11T 111 I1I.
444 .. 0.57 20. 01 32.17 1 I 1I JIk 111 IIL 111 11X 111  III 111.
451 o 0.4 25. 07 47.80 I I T 1 I J} I I 1 I 1.
452 e 0.17 24.85 47.52 I I II IX 111 111 11X I11 11T 111 11%.
453t 0. 28 24,91 43.33 I I1 II II1 11X 111 11X 111 111 111 111,

Niobium may be present in amounts of below 5%.
The addition of niobium is intended to permit the car-
bides to precipitate within the grain boundaries during
the use of steels to thereby improve strength. However, if
the quantity of niobium used is over 5%, the hot worka-
bility and weldability will be greatly impaired.

Titanium may be present in amounts of below 5%. Ti-
tanium tends to precipitate, during the use at an elevated
temperature, as carbides or Nigli within the grain
boundaries. However, with a level of over 5%, hot worka-
bility of the product will be greatly impaired.

Aluminum may be present in amounts of below 5%.
Aluminum tends to precipitate as NizAl during use at ele-
vated temperatures to thereby increase the strength of
the steel. However, if the quantity of aluminum used is
over 5%, the hot workability and weldability will be
impaired.

Nitrogen may be present in amounts of up to 0.5%.
Nitrogen tends to dissolve in the matrix of the austenite
to increase the strength of the steel. However, if greater
than 0.5% N is present, pores can develop in the ingot,
thus causing difficulties in producing good steel.

HEAT TREATMENT ACCORDING TO THIS
INVENTION

Table 3 describes the structures of steels according to
the present invention, which have been heated to a tem-
perature of from 1,050° to 1,350° C. for 30 minutes,
subsequent to the forging, and then have been slowly
cooled to 950° C. for one hour and then water quenched.
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It has been a common practice in producing forgings,
such as producing in forgings of 25 Cr—20Ni type stain-
less steel having a carbon level of below 0.1% or in pro-
ducing forgings of Incolloy 800 alloy, or the like, to use
a solution heat treatment in which the forgings are water
quenched immediately after the heating at a solution
treatment temperature. However, as shown in Table 4, the
structure (I) is obtained when subjected to conventional
solution heat treatment in which the forgings are im-
mediately water quenched from a temperature of 1,280°
C. to 950° C. within a period of 1.1 seconds. In such a
conventional solution heat treatment, the structure (III)
cannot be achieved, even if the carbon level 1s increased
to greater than 1%. Alternatively, when the steel is
cooled by means of helium gas or cool air injection from
1,280° C. down to 950° C. in a period of 2 to 4 seconds,
only the structure up to (II) can be obtained even with
the steel containing high levels of C and Ni. In contrast,
when cooling is carried out over a period of more than 5
seconds, the structure (III) is obtained at a carbon con-
tent of 0.9% or higher in case of 25CR-20N1 steel, at a
carbon content of 0.5% or higher in case of 20Cr-32Ni
steel and at a carbon content of 0.2% or higher in case
of 25 Cr-47Ni steel, respectively. Accordingly, cooling
should occur over a period of more than 5 seconds.

Table 5 shows creep rupture strengths at 1,0600° C. for
samples as shown in Table 4, The results of the tests are
also provided to show the desirability of slower cooling
rates. On the other hand, if it takes over one hour to

TABLE 3
o \ Alloy element, percent Solution heat treatment temperature, © C.
ample @ ——————e e - — - U -

num%er C Cr Ni 1,050 1,100 1,150 1,200 1,250 1,300 1,350
301_...... 0. 41 20. b1 1.3 IV IV T1T 11X ITI Melt_ ... Melt.
302, e 0. 43 25. 82 20.4 IV 13 1V IV TIT _..do... Do.
303 . .__.. 0. .24 25.13 35.4 1V IV IV IV I1Y | | ) Do,
04, . 0.12 27. b6 IV 1V IV IIT ITIf.o.... Do.

39.5 IV

If the heating treatment is too low, part of the carbide
will remain undissolved and, during the subsequent cool-
ing, the undissolved carbide will serve as a nuclei for

complete the 1,208° C. to 950° C. temperature transi-
tion, it will adversely affect the strength so that it may
be concluded that cooling should occur over a period of

carbide precipitation, resulting in a structure as shown 75 from 5 seconds to one hour.
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9

illustration only and are not intended to be limiting in any
manner unless otherwise specified.

EXAMPLE 1

Table 8 shows the results of tests useing steel containing
25% Cr and 15% Ni. The conventional forging material,
1.e., Sample No. 81, has an extremely low strength than
high carbon casting material, i.e., sample No. 80. Samples
Nos. 82 and 84 which have been subjected to the normal

10 -
heated to a temperature of 1,280° C. for 30 minutes and
immediately thereafter placed in another furnace main-

tained at 1,100° C. where it was held for 20 minutes, then

followed by the water quenching. Sample No. 97 was
heated to a temperature of 1,280° C. for 30 minutes and
furnace cooled to a temperature of 1,100° C. for 10
minutes, followed by being held for 10 minutes and then
water quenched. Both samples Nos. 96 and 97 show the
same degree of strength as that of sample No. 90.

TABLE 9 (EXAMPLE 2)
Alloy element, percent - ) Creep rupture strength® (kg.fmm;ﬂ)
S - e YD6 0 - S —— - -
No. C S8Si Mn Cr Ni working Heat treatment 800° C. 900°C. 1,000°C. 1,050°C., Romarks
]| SR 0.40 1.32 1.06 24.91 19.92 Casting.u e ccmacecmcnaeae 6. 20 3.80 1.90 1.30 Comparative steel.
01 .. 0.04 0.32 1.63 2512 20.37 Forging... 1,100°C.,1hr., W.Q_.._._. 3.75 2.05 0.80 0.70 Conventional steel*
! ¥ SR 0.43 0.37 1.24 25.82 20.41 _.._.. do....- 1,280° C.,30min. W.Q._.____ 4,50 2. 580 0,95 1.00 Comparsative steel,
93 e 0.43 0.37 1.24 26.82 20.41 ..... do..... 1,280° C., 30 min.-(10 6, 60 3.8b 2.00 1.256 Bteel of the present
min.)-1,050° C., W.Q. invention.
LLT: S 0.82 0,45 1,04 25,46 19.74 ._._.do..... 1,280° C., 30 min,, W.Qu e e meaaa - 0.90 . ..vueo-s -~ Comparative steel.
95, i 0.82 0.456 1.04 2b.46 19.74 ____. do..... 1,280° C.,30min.-(10 memesammmmencnm——— 1.80 e Steel of the present
min.)-1,050° C., W.Q. invention.,
| 0.31 0.62 0.97 25.46 20.59 ..... do..... 1,228{?“ ?., %? Iélin.-l,lﬂﬂ" O SR At = 1.88 cccomnaos Do.
min. W.Q.
07 e emacmee 0.31 0.52 0.97 25.46 20.59 .....do..... 1,280° C.,30min.~(10 eemdeemaeem—m e ——— 1.80 vommia o Do.
min.)-1,100° C., 15 min.,
w.Q.
*CreeD rupturs strength in 1,000 hours.
solution heat treatment show higher strength than the o EXAMPLE 3

low carbon sample No. 81, but they are extremely inferior
in strength to the casting material of Sample No. 80.

In contrast to this, samples Nos. 83 and 85 show ex-
tremely high strengths as compared to samples Nos. 81, 82
and 84, presenting substantially the same strength as that 30
of the casting material sample No. 80.

Table 10 shows test results of steels containing 15%
Cr and 35% Ni and Table 11 shows such results for steels
containing 19% Cr and 41% Ni, respectively, The low
carbon forging steels of Samples Nos. 1101 and 1201 and
the forging steels of Samples Nos. 1102, 1104, 1201 and
1204 contaming over 0.15% of carbon and subjected to

TABLE 8 (EXAMPLE 1)

Creep rupture
Alloy element, percent strength* (kg./mm.?)
— Type of -
No. C §Si Mn Cr Ni working  Heat treatment 900° C. 1,000° C. Remarks
80._... 0.5 1.24 1.13 26.72 16.10 Casting.. . . ... . _____. e —————————— 2.46 1.60 Comparative steel.
81..... 0.06 0.38 1.58 25.63 15.68 Forging... 1,100°C., 1her. W.Q__ . ______ . _.________. 1,10 0.76 Conventional steel,
82 e 0.564 0.42 1,33 25.36 15,74 .._dOe.e.__. 1,280° C.,30min. W.Q_._____ ... _. 1.70 1.10 Comparative steel.
83.._-. 0.564 0.42 1.33 25.36 15.74 .._.do....... 1,280° C., 30 min. (30 min.)-1,060° C., W.Q. 2.40 1,60 G&teel of the present invention,
84_..._0.94 0.61 1.01 24.93 15.00 _._.doo...... 1,280° C.,30min.,, W.Q_________________ __ 1.80 1.15 Comparative steel.
85...-- 0.94 0.61 1.01 2493 15.01 __.do....._. 1,280° C., 30 min.-(30 min.)-1,050° C., W.Q. 2. 50 1.65 Steel of the present invention s
*Creep rupture strength in 1,000 hours. - | |
EXAMPLE 2 conventional solution heat treatment, are extremely low

Table 9 shows test results using steels containing 25%
Cr and 20% Ni. Samples Nos. 92 and 94, which are high 45
carbon steels, have been subjected to conventional solu-
tion heat treatment after forging. The conventional low
carbon forging steel, sample No. 91, are all lower in
strength than the high carbon cast steel of sample No. 90.

in strength as compared with high carbon casting steels

of Samples Nos. 1100 and 1200. In confrast to this, steel
Samples Nos. 1103, 1105, 1203 and 1205 of the present
invention, afford the same degree of strength as that of
the high carbon casting steels of Samples Nos. 1100 and
1200, |

TABLE 10 (EXAMPLE 3)

Creap
Alloy element, percent rupture
- - —— -~ Type of strength®
No. C Si Mn Cr Ni working Heat treatment {(kg./mm.?) Remarks
1,1{1[}_..__-__.... 0.43 1.34 1.23 14,95 35.18 Castlrl® o o e e 2.20 Comparative steel.
T S 0,06 0.36 1,66 15.18 36,03 Forging._ . 1,160°C,, 1t hr,, W.Q e 0.70 Oonventionsl steel.
1020 ccuee.. 0.19 0.68 1.01 156,26 356.72 ...do....... 1,280°C.,1hr, W.Q__ e 0.96 Comparative steel.
1,108 ceea. 0.19 0.68 1.01 16.26 35.72 ...d0....... 1,280° C., 1 hr,-(6 min.)-1,050° C.,W.Q. ..... 2.16 8teel of the present invention,
1,104, ... 0.41 0.36 1,11 15.47 35.60 ..._do....... 1,280° C,1hr,, W.Qu e e 0.90 Comparative steel.
i,lﬂﬁ ________ 0.41 0.36 1.11 15.47 35.60 .._do..__._. 1,280° C., 1 hr.-(6 min.)-1,0560° C., W..Q,... ..... 2.10 Btee] of the present invention,
*1,000 hr. creep rupture strength at 1,000° C. _
TABLE 11 (EXAMPLE 3)
Creep
Alloy element, percent rapture
Type of strength*
No. C &Si Mn Cr Ni working  Heat treatment (kg./mm.2) Remarks
1,200...... 0.41 1,48 1,25 18.62 40.78 Casting. .oe.meeeenoveceaicooocccccccccceccccmccmrmn———— 1,80 Comparativesteel.
1,200, ... . 0.06 0.28 0.86 19.23 41.30 Forging._.. 1,150° C.,1hr. W.Q . ireccnilaainnnan 0. 65 Do.
1,202 ____ 0.15 0.20 0.65 18.92 40.68 ._.._do..... 1,280° C.,1hr, W.Q . oo 0.75 Do.
1,203. - .... 0.15 0.20 0.65 18,92 40.68 ..._. do..... 1,280° C.,1hr.-(15min.)-1,050° C,, W.Q.._... 1.85 Steol of the presentinvention.
1,204...... 0.30 0.22 0,93 19.70 4173 ..... do....- 1,280° C., 1 hr., W.Q s 0.80 Comparativesteel.
1,205, .- 0.30 0.22 0.93 19.70 4L.73 s.._. do..... 1,280° C., 1 hr.~(6 min.)-1,050° C.,,W.Q........ 1.80 Steel of the presentinvention.
*1,000 hr. creep rupture strength at 1,000° C.
In contrast to this, samples Nos. 93 and 95 present the EXAMPLE 4

same degree of strength as that of a high carbon steel
No. 90. Samples Nos. 96 and 97 are shown as special
examples of the present invention. Sample No. 96 was 75

This invention has been essentially described by refer- -
ence to C-high Cr-high Ni type stainless steel in Exame
ples 1 to 3, Example 4 illustrates the test results of a
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12
W, Mo, Nb, Ti, Al and N, separately. Table 13 shows the
test results of the steels containing 27% Cr and 33% Ni,
which steels further contain at least two elements of the
elements enumerated above.

11
stainless steel containing, additionally, at least one of Co,
W, Mo, Nb, Ti, Al or N.

Table 12 shows the test results of the steels containing
27% Cr and 33% Ni, which further contain each of Co,

TABLE 14 (EXAMPLE 7)

il .y

Creep
Alloy element, percent T f tmpttirg
Ype o strength
No. C Bi Mn Cr Ni Others working — Heat treatment (hr.) Remarks
140___-_--.;-_;, 0.29 0. 47 1.12 20,75 33.02 .. - Forging._.. 1,2(81%" C., ?01151%16"0 W.0 102.3 Steel of g;_he present,
g min.)-1,05 S WG, invention.
1,400 ... .. 0. 26 0. 28 1. 16 29, 04 33.17 Co 1545 Casting e . —m 160.4 Comparative steel.
1,40% oo, 0. 06 0. 67 1.51 25.27 33.38 Co015.49 Forging... 1,150° C,, 1 hr.,, W.Q__.._.. 25.7 Do.
1,402 .. ... 0. 26 0.28 1.16 25. 04 33.17 Co 15.45  Extrusion. 1,280° C., 30 min., W.Q_... 53. 8 Do.
1,408 e cmenen 0. 26 0. 28 1.16 25.04 33.17 Co0 15456 .. _.do_._._.. 1,%{[];’ C., )3’(:1l la]g[llln.b W.Q 158.0 Steel oftfihe present
min.)-1, G W.Q. invention.
1,405. . oo 0.24 0. 39 1.10 27.14 32.70 C026.13 Casting . e 200.4 Comparative steel.,
1,406. ... - 0.24 - 0.39 1. 10 27.14 32.75 Co026.19  Extrusion. 1,280° C., 10 min., W.Q___. 65. 2 Do.
1,407 e am 0.24 0. 39 1. 10 27.14 32.75 Co026,19 __.do._._... 1,2(5;{{): C., ?01 Ialgé}jb w.0 241.9 Steel of 1f,_he present
, mirn.)-1, LG W0, invention.
14100 .. ..., 0.31 (.61 1.04 26. 53 33.10 W 5.32 Casting oo e ica e ——a 190.2 Comparative steel.
1,411 ... 0. 06 0. 41 1. 53 27. 04 31.22 W 5.24 Forging... 1,150°C,, 1 hr,, W.Q.__.._. 35.3 Comparative steel.
1,412, e 0. 31 0. 61 1.04 26. 53 33.10 W 5.32 Extrusion._ 1,280° C., 30 min., W.Q____ 43.0 Do.
1,413, - 0.31 0. 61 1.04 26. 53 33.10 W 5.32 eo.doo . 1,2(81%" C., :)301 151;[1}}}1} W.Q 193.4 Steel of 1j;_he preseit
min.)-1,0 ., W.Q. invention.
1,420 o eeee e 0. 24 0.5} 1.63 25.85 31.82 Nb3.23 Casting . e e e 221.5 Comparative steel.
1421 .. .... 0.07 0.85 0. 82 26, 15 32.41 Nb 3.57 Forging.__. 1,150° C., 1 hr.,, W.Q_______ 32.1 Do.
1,422, e - 0.24 0. 51 1. 63 25, 85 31.82 Nb 3.23 Extrusion_ 1,280° C., 30 min., W.Q___. 47.3 Comparative steel.
1,423 e 0.24 0. 51 1. 63 25. 85 31.82 NbBR3.23 .._.do._..__. 1,2(81%“ C., ?[)11{1]‘1;616-*0 W.Q 215.2 Steel of 113:_11@ present
' min.)-1,0! L W.Q. invention.
1,430 czco--. 0, 28 0.32 1.35 28. 21 32.53 Mo 4.96 Casting v v oo e 144.8 Comparative steel.
1,431, e 0.28 0. 32 1. 35 26. 21 32.53 Mo 4.96 Extrusion. 1,280° C., 30 min., W.Q.... 35. 2 Do.
1,432. o2 0. 28 0.32 1.35 26. 21 32.53 Mo04.96 .._.do___.._. 1,2(%%“ C., :)3[]] Igggc;-o W.Q 123.5 Steel of the present
- | min.)-1, S WL, invention.
1,440 e -. - 0.31 - 0,28 1.32 25. 85 33.28 Ti 2.62 Casting. - oo oo L, 138.1 Comparative steel.
1,441 ... 0. 31 0.28 1.32 25. 85 33.28 'T'i 2.62 Extrusion. 1,280° C., 30 min., W.Q.___. 35. 3 Do.
1,442, ... 0. 31 0.28 1.32 25,85 33.28 Ti 2.62 U ¢ {o TP 1,%%“ C., ?0 ?il%-b w.0 141.2 Steel of the present
| min.)-1,050° C., W.Q. invention.
1,450, i cenna 0.30 0.76 1.43 26. 60 33.44 Al2.53 CaS N . o o - 140.6 Comparative steel.
1,45 . ... (. 30 0.76 1.43 26. 60 33.44 Al 2.53 Extrusion. 1,280° C., 30 min., W.Q_... 35.3 Comparative steel.
1,452 ... 0.30 - 0.76 1.43 26. 60 33.44 Al253  _..do....._. 1,:%?8“ C., i‘:‘{i 3151(]1%0 Ww.0 158.0 Steel of Tihe present
._ min.)-1, . W.Q, invention.
1,480 e 0.28 0. 65 1.44 27.07 33.93 N 0.32 Casling .o me o - 138.5 Comparative steel.
1,481 . 0. 28 0. 65 1,44 27.07 33.93 N 0.32 Extrusion. 1,280° C.,1hr.,, W.Q__.__. 36.8 Do.
1,482 o 0.28 0.65 1.44 27. 07 33.93 N 0.32 Qo .____. 1,280° C., 30 min.- 121.7 Steel of the present
(10 min.)-1,050° C.,W.Q. invention.
*1,050° C., 25 kg./mm.=,
TABLE 15 (EXAMPLE 8)
Creep
Alloy element, porcent - t' trui)tuﬁg
ype o strengt
No C i Mn Cr Ni Others working  Heat treatment (hr.) Remarks
1,500 oo 0.37 0.34 0.82 27.09 32.93 17.69 Co, 569 W Forging o e 613.6 Comparative steel.
1,501 e 0.05 0.50 1.59 26, 82 33.64 16,36 Co, 6.02 W _..do__.__. - LIS C,1hr, W.Q..__._. 40, 3 Do.
1,502 e 0.37 0.34 0.82 27.09 32.93 17.69 Co, 5.69 W Lxtrusion. 1,280° C., 30 min., W.Q____ 52.3 Do.
1,008, caeee 0.37 0.3¢ 0.82 27.09 32.93 17.69 Co, 5.69 W PN ¢ U+ 1,2(?%“ C., 3}’[}1%1;61”6 W.Q 603.7 Steel of é;_he present
| min.)-1, ., W.QQ. invention.
1,510 e 0.32 0.56 1.61 25. 96 31.66 3.26 W, 1.58 ND Casting o e e 309, 6 Comparative steel.
1,00 el 0.32 0.56 1.61 25, 96 31.66 3.26 W, 1.56 ND Extrusion. 1,280° C., 30 min., W.Q.... 46. 5 Do.
1,512 e 0.32 0.56 1.61 25. 96 31.65 3.26 W, 1.56 ND Y ¢ e T 1,2(-81?]" C., i—i[} I{I}lg{t}lg-c W.Q 323.5 ©Steel of 1}:_119 present
| | min.)- o W.Q. invention.
1,520 oo ... 0.20 0.63 1.18  26.24  83.27 2.20W, 2.27 Mo Casting oo —_._._____ e S 350.8 Comparative steel.
1,52) e - 0.29 0.63 1.18 26, 24 33.27 2.29W, 2.27 Mo Extrusion. 1,280° C., 30 min., W.Q____ 40. 5 Do.
1,522 cemcenm 0.29 0.63 1.18 26, 24 33.27 2.29W, 2.27 Mo S « [0 ORI 1,2(81%" C., ?Dl %1.;{}1“'-0 w.0 456.8 Steel of 1E;hl:e'z present
| min. -1, o W.Q. invention.
1,530 _._._... 0.31 0.56 1.23 27. 77 35.90 2.45 Al, 1.97 I Casting ... 392.1 Comparative steel.
1,631, ... 0.31 0.56 1.23 27.77 - 35,00 2.45 Al, 1.97 Ti Extrusion. 1,280° C., 30 min., W.Q.... 39.5 Do.
1,532 ... 0.31 0.56 1.23 27. 77 35.90 2.45 Al 1,97 Ti —.-do.___... 1,2?085%}6, g{] nﬁ};n(i-(lﬂ min.) 398.5 Steel ﬂft.the present
| -1, . W.Q, invention.
1,540 ... 0.28 0.25 1,69  27.83  34.75 5.38 Mo, 0.45 N CaSting - oo oo 985.7 Contparative steel.
1,541 ... .. 0.28 0.26 1.69 27.83 34.75 5.38 Mo, 0.45 N Extrusion. 1,280° C., 30 min., W.Q____ 45, 3 Do,
1,542 . _._. 0.28 0.25 1.69 27.83 34.75 5.38 Mo, 0.45 N - _Q0o._____. 1,2%0;5(35, g{} 1‘13%—(10 min.) 370.3 Steel oft_the present
- ., W.Q. invention.
1,550 ... 0.38 0.18 0.73 27.40 33.32 17.08 Co, 7.27 W, 2,33 Mo Casting._...... e, S 704.4 Comparative stes).
15661 ... 0.88 0.18 0.73 27.40 33.32 17.08 Co, 7.27 W, 2.33 Mo Extrusion. 1,280° C., 30 min., W.Q____ 43. 8 Do.
1,502 o ... 0.38 0.18 0.73 27.40 33.32 17.08 Co, 2,27 W', 233 Mo ___do..____._ 1’2%055%’(?0 nﬁiréi-(lfy min.) 689.9 Steel Oft.the present
L “y » N 1NVenLlon.
1,560, ... 0,30 0.23 1.52 26, 94 33.04 15.35C0,5.30 W, 094 Nb Casting. e oo 765.4 Comparative steel.
1,661 .. ._.. 0.30 0.23 1,52 26.94 33.04 15.35C0,5.35W,0,94 Nb Extrusion. 1,280° C., 30 min., W.Q_.__ 47. 3 Do.
1,562 ... 0.30 0.23 1.52 20, 94 33.04 1535C0,535W,094 Nb _.__. do...-- 1,231{]{“;5(35, (-3301{1‘;1&-(15 min.) 883.5 Steel oft_the present
-1, -y Y. invention.
1,570 coee . 0.27 0.27 1.38  26.79  32.63 5.22W,2.32Mo,1.02Nb Casting. ..o o o 388.1 Comparative steel.
1,57 ... 0.27 0.27 1.38 26.79 32.63 5.22 W, 2.32 Mo, 1.02 Nb Extrusion. 1,280° C., 30 min., W.Q___. 42,0 Do.
1,572 ....... 0.27 0.27 1.38 26,79 32.63 5.22W,2.32Mo,1.02 N __._.do__..__. 1,281{};5%5,5011‘%11@-(15 min.) 392.6 Steel of the present
-1, ., W.Q. invention.
1,680 . ._... 0.37 0.35 1.40 27.68 32.81 15}?{3:} g’?}% §f5b5 W, 279 Casting. oo 867.2 Comparative steel.
1,581, .. 0.37 0.35 1.40 27.68 32. 81 15#13’(03'33 ﬁnﬁf W, 2,79 Extwrsion. 1,250° C.,1hr.,, W.Q______. 50.6 Do.
L o, 0.
1,582 ... 0.37 0.35 1.40 27. 68 32. 81 15131% ’ggh %%5 W, 2.7% ... dOo..._.. 1,250° C., 1 hr.-(15 min.) 910.3 Steel oft_the present
: , 0. invention.
1,590 cc..-.. 0.32 0.54 1,69 26. 80 33.75 lﬁﬁ% gti,z 1%39 W, 232 Casting e e e 656.8 Comparative steel.
1,501 _______ 0.32 0.54 1.60 26,80  33.75 16.89 ’ ggz 1531.39 W, 2.32 Extrusion. 1,250° C., 1 hr.,, W.Q._____ 45.6 Do.
. Mo, 0.
1,592 _____. 0.32 0.54 1.69 26. 80 33.76 16,89 Co, 539 8, 232 ...do__..... 1,250° (;}r 1 hr.-(15 min.) 094.3 Steel of the present
Mo, 0.12 N -1,060° C., W.Q. invention.

el

*1,050° C., 2.5 kg./mm.?,
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The test results are illustrative of the superb char-
acteristics of high creep rupture strength obtainable with
the alloy of the present invention. Accordingly, it may
readily be appreciated that the heat resistant steels of
the present invention will find application in producing
reformer tubes and cracking tubes, as well as forming
heat exchanger tubes, wherein high strength is required
at temperatures as high as 850° C., or higher, which
cannot be achieved by the conventional 0.01 C-25Cr-20
Ni stainless steel or Incolloy 800 alloys. These achieve-
ments can be attributed both to the elevated temperature
strength of steels of the present invention, and of their
capabilities of providing thinner wall thicknesses as re-
quired in such reformer and cracking tubes and in heat
exchanger tubes. :

In addition, it is to be understood that the steels of
the present invention exhibit excellent characteristics in

the application to forgings, rollings and extrusions. These-

characteristics permit the production of tubes having outer
diameters of 10 mm. and yet wall thickness of even
below 1 mm., which is particularly suited for use as heat
exchanger tubes, and they further permit the production
of tubes having a length of over 10 m., thus minimiz-
ing the number of welding joints which tend to cause
trouble during the use of the tubes.

It can still further be recognized that the steel of
the present invention provides good, sound layers on
the inner surface of the tube, thus permitting the use
of a tube having a thinner wall thickness with resulting
good heat capability, while eliminating the likelihood
of rapid carburization of the reducing gas due to im-
perfections in the tube surfaces.

In addition, the methods of the present invention per-
mit the production of sheet form steel by ordinary roll-
Ing processes. |

It will be apparent to those skilled in the art that the
novel principles of the invention disclosed herein in con-
nection with specific examples thereof will suggest various
other modifications and applications of the same. It is
accordingly desired that in construing the breadth of the
appended claims they shall not be limited to the specific
examples of the invention described herein.

What is claimed and intended to be covered by Letters
Patent is:

1. An austenite fype heat resistant steel article char-
acterized by high strength properties at elevated tem-
perature consisting essentially of from 0.1 to 1% by
weight carbon, from 0.01 to 3% by weight silicon, from
0.01 to 10% by weight manganese, from 13 to 35% by
weight chromium, from 15 to 50% by weight nickel,
and the balance essentially impurities and iron, wherein
a continuous carbide precipitation formed by heat treat-
ment at a temperature of greater than 950° C. is present
on the grain boundaries.
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2. The austenite type heat resistant steel of Claim 1,
wherein said steel additionally contains at least one ele-
ment selected from a group consisting of up to 30%
cobalt, up to 10% tungsten, up to 10% molybdenum,
up to 5% niobivm, up to 5% titanium, up to 5% alumi-
num and up to 0.5% nitrogen.

3. A process for producing an austenite type heat re-
sistant steel characterized by high strength at elevated
temperatures, said steel confaining, in weight percent,
from 0.1 to 1% carbon, from 0.01 to 3% silicon, from
0.01 to 10% manganese, from 13 to 35% chromium,
from 15 to 50% nickel, and the balance essentially im-
purities and iron, which comprises working said steel,
heating said worked steel to a temperature of from 1,150°
C. to the solidus line, slow cooling said steel from said
temperature down to a temperature of 950° C. or higher,
over a period of from 5 seconds to one hour and there-
after rapidly cooling said steel.

4. The process for producing an austenite type heat
resistant steel as defined in Claim 3, wherein said steel
additionally contains at least one element selected from
a group consisting of up to 30% cobalt, up to 10%
tungsten, up to 10% molybdenum, up to 5% niobium,
up to 5% titanium, up to 5% aluminum, and up to 0.5%
nifrogen.

S. A process for producing an austenite type heat re-
sistant steel characterized by high strength at elevated
temperatures, said steel containing, in weight percent,
from 0.1 to 1% carbon, from 0.01 to 3% silicon, from
0.01 to 10% manganese, from 13 to 35% chromium,
from 15 to 50% nickel, and the balance essentially im-~
purities and iron, which comprises casting said steel,
heating said cast steel to a temperature of from 1,150°
C. to the solidus line, slow cooling said steel from said
temperature down to a temperature of 950° C. or higher,
over a period of from 5 seconds to one hour and there-
after rapidly cooling said steel.
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CERTIFICATE OF CORRECTION

PATENTNO. © 3,826,689
DATED ~ July 30, 1974

INVENTOR(S) : SADAQ OHTA ET AL

It is certified that error appears in the above—identified patent and that said L etters Patent
are hereby corrected as shown below:

Column 2, line 1, "0.50C-25Cr20Ni" should read --0.50C-25Cr-20Ni --.

Column 3, line 6, "manganes" should read --manganese--. !

Column 4, line 10, "as" should read --at--;
line 62, "provent" should read --prevent--.

Column 6, Table 4, third from the last column, "2.85 min." should
read --28.5 min.~-~.

Column 8, fourth line after Table 7, delete "hibit" and insert -- hibits—-l
fifth line after Table 7., delete "show" and insert --shows--.

Column 9, line 6, delete "low" and insert --lower--;
Table 10 (Example 3), in the Column labeled "No.", correct

the alignment of the numbers.
line 73, after "carbon" insert --cast--. ]

Columns 11 and 12, Table 15 (Example 8), in the row of No. 1,581, delete

"Extursion" and insert --Extrusion--;
in the row of No. 1,582,

after "1,250°C., THr.-(15 min.)" insert -- -1050°C., W.Q.--.

The sheets of drawings appearing in the patent should be
cancelled and the sheets shown on the attached sheets should

be substituted therefor, but will apply to the Grant only.

Signcd and Sealed this

fourth Day Of May 1976

[SEAL]
Attest.

RUTH C. MASON C. MARSHALL DANN
Attesiing Officer Commissioner of Patronts and Trademarks
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