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[57] ABSTRACT

An austenitic cast steel having high strength and excellent
ductility at temperatures higher than, for example, 700° C.
consisting essentially of C in the range from 0.30 to 0.55 per-
cent, Si in the range from 0.2 to 2.0 percent, Mn in the range
from 0.5 to 3.0 percent, Ni in the range from 15 to 40 percent,
Cr in the range from 20 to 30 percent, Ti in the range from
0.05 to 0.6 percent, a rare earth metal alloy containing Ce and
La as the main components in the range from 0.05 to 0.5 per-
cent (as the additive amount) and the balance substantially
iron. The steel may further contain from 0.07 to 0.7 percent
by weight of Nb.

19 Claims, 23 Drawing Figures

700 800 900 1000

TEMPERATURE (°C)



Patented April 25, 1972 3,658,516
- . | 8 Sheets-Sheet 1

Q
\
2
[«
o~
-
N )

Q
;"?x
=
o
—_nN

H O B
Q
//+
’
7’ P ¢
7 .
2
20
o —
o

(€3]

@ 9
’/
,/

rd

R

D

" TENSILE STRENGTH(kg/m m?)

20- 5*\
10+ AN
0 T \/ T T T T »
'RT 700 800 900 1000 :
TEMPERATURE (°C) o :
' . ¢ 70 F'G 2
601 . : ]
, ~ PRESENT g'No.22
g 40| 4
= No.16y/ /%Y No.20
_ _ & 30 * TS/ No 8
: o ~~5-7 *
FIG. 3 . [l g 20__ ;_b——"/,/ Ix\No.7
90 NO.I6 4 e
1] |o~ +\\\~__,;i’§*/No 9
80- £ NO.20 “-TRADITIONAL
O T / T T T T )
~ 707 / RT Y700 800 900 1000
9\'-60- PRESENT. 4 D,l:lo.zz TEMPERATURE (°C)
o | INVENTION # | |
A-NO.10

R'T/\/'/éo 800 900 1000 e w o NVENTORS
TEMPERATURE (OC) mMmLK Lo HACH Lsu, [FLSUKE NIIYA MA,

RYOLCHI SASAKE, HUMIOG HATAYA

dnd  YUTAKA FarKkuil

Byg ., el sHlevract v Htd

ATTORNEYS



Patented April 25, 1972 3,658,516

8 Sheets-Sheet 8

FIG. 4

RUPTURE
ELONGATION (%)

48
X ® A 3%, 982°C
16 T SSSlage
N
2 T T T T I103
RUPTURE TIME (h)

2) .

m
o

OOO

2
‘.'

STRESS (kg/mr
L P

o 8- - 950°C

€3] NO.I4 .

57_ NO. NO.22 No.us

<6 dn

g5 & ~~4 NO.20

o 4- —~—— ’\xo \ ~—

& 5 NOI3 NOTE e —— 7"

o NO.I6

x NOS

m 2 R Ttk P 1 - . . S e )

10 : 102 : - 10?
RUPTURE TIME (h) '
60; FIG. 6
1 | 950°C

S

240 \A
£ -
2q PO pregenT
o 2 201 INVENTION °
53 $ T
el TRADiTlONALﬁ\[‘% §§§§§§§ | ,

o ~d ,3\10 |2H xN05N05 4 T-——I _____ o—
'o T H lloz T T T T '103 T

RUPTURE TIME(h)

INVENTORS
MIKN L O HACH LU, P Lo NITYA N\A'
RYOICHI SASAKL, HuMIO HArAyA and
Y /‘A‘AA UK L .
27 fllenalle, flasad 0 HLL
Mu? . ATTORNEYS



Patented April 25, 1972 3,658,516

8 Sheets~Sheet 3

FIG. 7
;E- i No.2\|$* " 982°¢c
: . L .20 :
£ A= T
S 4 otk NOIT
g ) NO.25
<3 NO.18 ~
()]
0
x 2]
- .
%) NO.6  NO.I2
' ' T T T T T T T T T T 1
[o) 102 103
RUPTURE TIME (h)
o FIG. 8
< .
> ‘ NOLI 982°C
O 401 &8 NO.21
wi | PRESENT W\
T INVENT -
23 INVEN IOE;NO.ZO‘(NO.24¢ *\
o - e~ — ]
%9 207 TRADITIONAL L P A gNOl? NO.I6
T HIGH ALLOY NO25 Smreo e
- . e By N .
TRADITIONAL STEEL Bt L
10 T T T T |b2 /'u T T T |é3 »%—
NO.!l NO.I2
RUPTURE TIME (h)
. INVENTORS
MUALIO HACH T L U , LSRRI Ny n MA,
Ryo i 114 SASAKIL, lHtmiLy ///;I'A//\ el

YU TAKA "'k ul

WW y Mol

"0
7 ATTORNEYS



Pa.fented April 25, 1972 - 3,658,516

8 Sheets-Sheet ¢

NO.I8
80“ '\é\NO.z' 982° C
2 PRESENT o
e o INVENTION
.
< -
w
(@]
_ 40
o
=
3
3201 ==y NO.25
@ TRADITIONAL STEEL T T
NO.I2 fNO ~~~~~~~
o 1 T T T T 2 *,) ‘ % r 3 irio IO
10 - 10 10
RUPTURE TIME (h)
FIG. 10
- __RUPTURE
‘;,; 5 |\:9.27 oh ELC;_I;GATION(/o) 982°C
£ 47 ZONG
g 3 \)(O o
P NO23
o 2]
1
-
[7)]
llo | T T T lbz‘ T T T T 1103
RUPTURE TIME (h)
INVENTORS

MIKTO HACHLISU,  ELSURKE NILYAMA,
RYorcH I SASAKE, HUMLO HATAYA dand

YUTAKA Fukxul '
BY o Holonekl, biurah 4 Wl
/ | ATTORNEYS



Patented April 25, 1972

STRESS(kg/mm?)

& O®0O

n

3,658,516
8 Sheets-Sheet §

|
I8

19 20 2

% 23 24 25 26
T=(I5+log t)x10™3

T=TEST TEMPERATURE (°K)
t=CREEP RUPTURE TIME (h)

16

& o

E 54 J6

E .

R4 e S 982°C

=3 J5 /b\q/iq\

o 2 J4 \

[/ + X

%) A ~\\\:f*~§§;\ J7

g 2] Ji J2 +x di\\\

= _

w )
I " It n 1 4 1
20 10 10°

RUPTURE TIME (h)

INVENTORS
MEKEO HACHLISU, KLSWUKFE NLELYAMA
RyoceHE SASAK C, Humio HATAYA g,

YyurAa KA FukKkul

% /(../La.u,w, Aot oy

ATTORNI:YS



3,658,516

Patented April 25, 1972
8 Sheets-Sheet €

-~ 4
N . })a
@Q . /,%o e
e, ; ”N N = 8 op
\ "5? = = ] %V D\\&
4 3
LA 2 ? ",
N Qﬁ_gq\ . “
el S o g po
. : s 000
\ %= 00
hY = A

INVENTORS

MIKTO HACHISU, EISUKE NIIYAMA,
RYOTCHI SASAKE, HUMIO HATAYA and
YUTAKA FuxKnr

BY : v I '
(/Lau. , W, 5‘//{6«/1«//' -+ W
; ‘ ATTORNEYS



Patented April 25, 1972 3,658,516

8 Sheets~Sheet 7




Patented April 25, 1972 3,658,516

8 Sheets-Sheet 8

FIG. 18a | . 18b

FlG. 18e

917 i




3,658,516

1

AUSTENITIC CAST STEEL OF HIGH STRENGTH AND:
EXCELLENT DUCTILITY AT HIGH TEMPERATURES:

BACKGROUND OF THE INVENTION

This invention relates to an austenitic cast steel having high
strength and excellent ductility at high temperatures. More
particularly, it relates to an austenitic cast steel having: high:
strength and excellent ductility, particularly at temperatures
greater than about 700° C., containing particular amounts of
carbon, silicon, manganese, nickel, chromium, titanium and a
rare earth metal alloy.

In recent years, the petrochemical industry has grown
steadily, -particularly in the production of, for- example,
hydrogen, ammonia and ethylene. A great tendency toward
using high temperature and high pressure procedures:in order
to improve the yields of products has been noted. For the
reformer tubes. and the cracker tubes occupying the main
parts-of petrochemical plants, centrifugal casting-tubes: of
25Cr-20Ni steel or 25Cr-35Ni steel have been used. High
alloy casting steels such as 25Cr-20Ni steel, 25Cr-35Ni steel
or those steels including W and Co have been used for the:
bend tubes and the supports. Although such centrifugal cast-
ing tubes and casting steels have a high carbon content.and
show a high strength at high temperatures, they display defects
such as being low in ductility especially in the elongation and
the reduction of area in creep rupture tests. Accordingly,
these steels have a tendency to develop cracks in the tubes and
supports with repetitions of the thermal stresses encountered
during starting and stopping or during variations in the loads
placed upon the apparatus.

SUMMARY OF THE INVENTION

The present invention is concerned with improving the
elongation, reduction of area and strength on the creep rup-
turing and of the elongation and reduction of area on the ten-
sile testing at increased temperatures by adding a small
amount of Ti, Nb and a rare earth metal alloy to 25Cr-20Ni
steel or to 25Cr-35Ni steel. In general, materials having an in-
creased elongation and reduction of area show an increased
durability against repeated thermal stresses.

Heretofore, Cr-Ni austenite steels having Nb, W and Co
added thereto showed improved strength, elongation and
reduction of area. However, these prior art steels have the dis-
advantage of being expensive owing to the comparatively
great amount of said additives needed in the steel. Moreover,
these steels are difficult to weld.

In contrast thereto, the steel according to the present inven-
tion contains comparatively small amounts of additives of Ti,
Nb and the rare earth metal alloy, thereby making it relatively
inexpensive. At the same time, an increased strength, elonga-
tion and reduction of area at the creep rupture point are ob-
tained, while maintaining an excellent weldability property.

One of the objects of the present invention is to provide
heat-resisting cast steels which are significantly less expensive
than the conventional high alloy cast steels.

Another object of the invention is to provide heat-resisting
cast steels having a high strength and an excellent ductility at
high temperatures. :

A further object of the invention is to provide heat-resisting
cast steels for use in, for example, petrochemical plants.

A still further object of the invention is to provide austenitic
cast steels having increased strength, elongation and reduction
of area, particularly at the creep rupture point, and an excel-
lent weldability property.

These and other objects and advantages of the present in-
vention will become apparent to those skilled in the art from a
consideration of the following specification and claims, taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1, 2 and 3 show the results of tensile tests taken with
respect to certain kinds of conventional cast steels and the
novel austenitic cast steels according to the present invention.
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Specifically, FIGS. 1, 2.and 3 show, respectively, the relation-
ship between temperature and tensile strength, rupture elon-
gation and reduction of area;

FIG. 4 shows the results of creep rupture tests;

FIG. § and FIG. 7 show the results of creep rupture tests
with: centrifugal casting tubes and sand mold casting steels,
respectively;

FIG. 6 and FIG. 8 show the creep rupture-elongation of cen-
trifugal casting tubes and sand mold casting steels, respective-
ly;

d FIG. 9 shows the reduction of area after creep rupture tests;

FIG. 10:shows the results of creep rupture tests with cen-
trifugal casting tubes;

FIG. 11: shows a Larson-Miller parameter diagram which
represents the creep rupture curves of centrifugal casting
tubes;

FIGS. 12, 13, 14 and 15, respectively, are rough sketches of
microscopic photographs of cast steels;

FIG. 16 shows. the results of creep rupture strength tests
with welded joints;

FIG. 17 is a photograph showing the appearances of creep
rupture specimens; and

FIGS. 184-18f, respectively, are microscopic photographs
of conventional cast steels and the novel cast steels of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following examples are given merely as illustrative of
the present invention and are not to be considered as limiting.

The chemical compositions of the tested samples are shown
in Table 1 hereinbelow. Sample Nos. 1-4 were prepared. by
melting 2.8 to'4 kg: thereof in a high frequency induction. fur-
nace. The melt was poured into a metallic mold coated with a
coating material of approximately 1 mm. thickness thereon
and surrounded with fire bricks, said mold being 60 mm./100
mm./170-25 mm. in dimensional size. An anti-piping materi-
al was-included in the mold in order to obtain directional
solidification.

Sample Nos. 5-18, Nos. 20-23, No. 26 and No. 27 were ob-
tained by preparing a melt in a high frequency induction fur-
nace of approximately 200 to 500 kg. capacity. The melts
were casted into a tube-shaped rotary metallic mold coated
with a coating material on its inner surface. Centrifugal cast-
ing tubes of 70-180 mm. in outer diameter/13-20 mm. in.
thickness/1,000-3,000 mm. in length were obtained. The
Misch metal (tradename, sold by Santoku Metal Industries,
Japan) used as the rare earth metal alloy additive has a com-
position-of 52 percent by weight of Ce, 24 percent by weight
of La, 18 percent by weight of Nd and 5 percent by weight of
Pr. As the Misch Metal is. very easily oxidizable, these steels
were casted within a shorter time immediately after de-oxida-
tion with Si, Mn and a small amount of Al and the addition of
Ti and said Misch metal.

The sample of No. 19 was prepared by casting a sand mold
of 22 mm. in diameter X 150 mm. in length provided with a
sufficient riser.

Sample Nos. 24 and 25 were purchased on the commercial
market, the former being a casted tube of 100 mm. in diame-
ter X 21 mm. in thickness and the latter being a centrifugal
casting pipe of 111 mm. in diameter X 13 mm. in thickness.

The steels of the invention are sample Nos. 16-22, No. 26
and No: 27.

Sample Nos. 1-23, No. 26 and No. 27 were subjected for
testing under the as-cast condition, while sample Nos. 24 and
25 were tested under the as-purchased condition.

The testing of tensile strength was carried out by the use of a
sample of 6 mm. in diameter X 40 mm. in length at its parallel
part at room temperature to 982° C. The distance between
each standard point for measuring the elongation was 4 /A=
28 mm. (wherein A4 is the cross-sectional area of the sample)
at room- temperature and 5D = 40 mm. (wherein D is the
diameter of the sample in' mm. ) at high temperature.
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As to the testing of creep rupture, a testing sample of 6 mm.
in diameter X 30 mm. in length at its parallel part and of D=
30 mm. for the gauge length was used, and testing was carried
out at a temperature of 800°-1,050°C.

4

solidification. The numerals at the testing point show the rup-
ture elongation. When a small amount of Ti, Nb and Misch
metal, respectively, is added to the steel and individually to
the 25Cr-20Ni steel, the creep rupture strength is increased.

TABLE 1
Chemical composition of cast steels (percent by weight) P.p.m.
Misch Other ad-
Si Mn P S Cu Ni Cr Mo Ti Nb metal! ditives N (o] I
1.14 2,68 e 3
1.05 1.03 _ 3
111 282 ... 23.10 ...
1.16 233 e mceaiezean 24,05
0,73 101 25, 36
0,80 1,02 24.80
0,82 0.75 24, 80
0,87 0.84 24.00
0.53 0,70 25,00
1,46 0.40 26, 36
1.36 1.08 24. 35
1.22 1.12 24.0
0,70 0,93 25, 40
0,81 0.94 25. 20
0,74 0.01 25, 66
0.756 0.98 25.33
0,83 0. 85 24, 656
0,80 0,87 24,566
0,93 0.83 24,60
0,82 1.056 25,62
0,76 0.85 15.03
0,81 0,10 25,38
0,82 0.68 25,60
1.86 0.28 23.40
1.73 0.40 4.2
26... ... 0,40 0, 68 0,70 25,60
2702 0,39 0.77 0.68 25,40

! Amounts of Misch metal are additive amounts.

FIGS. 1, 2 and 3 show the results of testing of the tensile
strength at room temperature and at high temperature for
sample Nos. 7-10 of centrifugal casting tubes made of a prior
art steel and sample Nos. 16, 20 and 22 of centrifugal casting
tubes made of the steel according to the present invention.
The tensile strength does not differ greatly between the steel
of the invention and the steels of the prior art. For example,
the difference is 52.4 to 64.5 kg./sq. mm. at room temperature
and 15.3 to 20.8 kg./sq.mm. at a temperature of 871° C. These
differences are mainly caused by a variation in the working
conditions, such as the difference in the composition within
the defined range, the manner in which the melting is carried
out, the casting temperature and the tube size to be tested.

Insofar as the elongation is concerned, that of the steel of
the invention is 18 to 35 percent, which is within the range of
the prior art steel having an elongation of 13 to 37 percent at
room temperature. However, at higher temperatures, the
elongation of the steel of the present invention increases, for
example, to about 33 to 54 percent at 950° C. as compared
with 20 to 40 percent for the prior art steels.

The superiority in the ductility of the steel according to the
invention will be apparent by noting the testing results for the
reduction of area. Hence, a 17 to 29 percent reduction of area
for the steel according to the invention is within the range of
14 to 36 percent for the prior art steels at room temperature.
However, at higher temperatures the value increases greatly as
compared with that of the prior art steels, for example, the
result obtained with the steels of the invention is about 60 to
88 percent, which is greater than that of the prior art steels by
about 21 to 50 percent at 950° C. These advantageous results
obtained for the steels of the present invention for the elonga-
tion and reduction of area as compared with those of the prior
art steels at high temperatures make a great contribution in
preventing the causes of cracking owing to the thermal
fatigues experienced by apparatus on a practical industrial
scale.

The tensile strength of No. 25, a high alloyed steel including
approximately 5 percent by weight of W and about 15 percent
by weight of Co, is 62 kg./sq.mm., which is about the same as
the values for the prior art steels shown in FIG. 1. The elonga-
tion and the reduction of area are, respectively, 7 and 6 per-
cent, which values are lower than those of the prior art steels
as shown in FIG. 2 and FIG. 3.

FIG. 4 shows the results of the creep rupture test at 982°C.
for sample Nos. 1-4, the cast steel prepared by directional
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However, the elongation is not improved, the value being less
than 5 percent.

FIG. 5 shows the creep rupture strength of a sand mold cast-
ing steel No. 19 and centrifugal cast tubes No. 5, Nos. 12-16,
Nos. 20 and No. 22 at 950° C. FIG. 6 shows the creep rupture
elongation. Comparing these strengths, the strength is
minimum for the ordinary centrifugal casting tubes No. 5 and
No. 13 which include N as an additive, and the strength is in-
creased when Ti and Nb are added to the steel, such as sample
Nos. 14 and 15. The creep rupture strength is gradually in-
creased with the addition of Ti, Misch metal, Nb and further-
more N as shown in steel No. 16, No. 19, No. 20 and No. 22
according to the invention, the gradient of the creep rupture
curve becoming small. Particularly, high strength is shown at
the side of longer time. Further properties of the steel accord-
ing to the invention are in the increased creep rupture elonga-
tion as compared with prior art steels, as shown in FIG. 6. The
increase of the elongation is not obtained by a single addition
of Ti, Nb or Misch metal, but can be established by the com-
posite addition of these elements. The steel according to the
invention is increased in the reduction of area, for example,
the reduction of area of the steel of the invention is increased
to 20 to 55 percent when breaking after 100 hours, as com-
pared with 2 to 11 percent for the prior art steels.

Concerning the testing results of creep breaking at 982° C.,
FIG. 7 shows the creep rupture strength of centrifugal casting
tubes No. 6 and Nos. 10-12 of prior art 25Cr-20Ni steel, cen-
trifugal casting tubes Nos. 16-18 and Nos. 20-22 of 25Cr-20
Ni steel including Ti and Misch metal or Ti, Nb and Misch
metal according to the present invention and centrifugal cast-
ing pipe Nos. 24 and 25 of prior art high alloyed steel includ-
ing W and Co. FIG. 8 shows the creep rupture elongation of
these steels. FIG. 9 shows the reduction of area after testing
for the creep breaking. Steel Nos. 16-18 and 20-22 are
smaller in the inclination of the curve of creep breaking in
comparison with prior art steels No. 6 and Nos. 10-12 and are
high in the strength for the long time period, the latter being
equal to the high alloy steels No. 24 and No. 25.

Referring to the creep rupture elongation as shown in FIG.
8, the steel of the invention shows a considerably increased
improvement in the rupture elongation as compared with
prior art 25Cr-20Ni steel as well as with prior art high alloy
steel because of the fine dispersion of eutectic carbides owing
to the addition of W thereto. Even for the reduction of area, as
shown in FIG. 9, the steel according to the invention is superi-
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or to prior art carbon steels and alloy steels. Furthermore,
necking is displayed by the steel according to the invention
which shows the high values of the creep strength.

FIG. 17 is a photograph showing the rupture appearances of
specimens subjected to the creep rupture test and show the
cause of the necking indicating the increase in elongation and
reduction of area for the steel Nos. 4 to 8 according to the in-
vention as compared with prior art steels 1 to 3. The steel ac-
cording to the invention consists essentially of 25Cr-20Ni or
25Cr-35Ni steel containing Ti, Nb, Misch metal and N.

FIG. 10 shows the testing results of creep rupture at 982° C.
of centrifugal casting tube No. 23 of prior art 25Cr-35Ni steel
and centrifugal casting tubes Nos. 26 and 27 of the steel of this
invention. The steel according to the present invention has a
tendency of decreasing the inclination of the creep rupture

10

curve and in showing a high strength at the side of longer time. '

Concerning the elongation and the reduction of area of creep
rupture, the value becomes extremely low or near zero per-
cent for prior art steels. However, the steels of the invention
show a high value of 20 to 26 percent and 25 to 41 percent.

FIG. 11 is a Larson-Miller parameter diagram which is
prepared by a Larson-Miller parameter method with respect
to the results of creep rupture tests at 800°-1,050° C. on each
centrifugal casting pipe. No. 16 and No. 20 of the steels ac-
cording to the invention are superior in strength to No. 8 and
No. 10 of prior art 25Cr-20Ni steels, and at the locations of
increased parameter (higher temperature and higher time),
No. 16 and No. 20 show higher strength than No. 24 of high
alloy steel including W and No. 25 of high alloy steel including
Co and W, respectively. Thus, it is very advantageous practi-
cally to obtain the higher strength, elongation and reduction
of area than the values of the high alloy steels containing W or
Co by adding a small amount of Misch metal and Ti and/or Nb
to the base of 25Cr-20Ni steel.

In many cases, the centrifugal casting pipes have been made

35

for practical use by solidification from the outer sides, making .

the macrostructure to the columnar crystals, collecting the im-
purity layer within the inner surface portion and cutting said
inner surface portion off to remove said impurity layer from
the casting tubes. Although the elongation on creep rupture
becomes increased by making said centrifugal casting tube of
equiaxial structure in order to make it easier to deform the
grains, as the impurities and the defective parts tend to be in-
cluded therein and it is difficult to obtain said equiaxial struc-
ture industrially in a stable and reproducible manner, castings
having said columnar crystals have been produced on a large
scale. The steel according to the present invention has colum-
nar crystals and has increased values in the elongation of
creep rupture than those of prior art steels having said equiaxi-
al crystals. However, as the characteristics of the present in-
vention can be obtained even in the case of equiaxial crystals,
no problems in using castings having said equiaxial crystals are
encountered.

FIGS. 12, 13, 14 and 15 are rough sketches of microscopic
photographs of centrifugal casting tubes No. 5 and No. 13 of
25Cr-20Ni steels of the prior art, centrifugal casting pipe No.
16 of steel according to the invention and centrifugal casting
pipe No. 25 of high alloy steel including 5 percent by weight of
W. FIG. 12 shows the microstructure consisting of thin car-
bides at the grain boundaries and larger eutectic carbides as
are generally noted. FIG. 13 shows the microstructure as often
seen in the cases of increased O and N when using scraps of
low grade as the melting materials and in the case of N addi-
tion, wherein lamellar Cr carbides other than thin carbides at
the grain boundaries are recognized. This structure makes the
strength, the elongation and the weldability low and, ac-
cordingly, quite disadvantageous. FIG. 14 shows the micros-
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thin carbides at the grain boundaries and the eutectic carbides
are divided. As the steel of this invention includes Ti, Misch
metal or further includes Nb, even if scraps of low quality are
used for melting, the oxygen and nitrogen are removed by the
deoxidizing and denitrizing action of these additives. Even if
the steel contains N additive, the harmful lamellar Cr carbides
are not formed owing to combination with said added Ti and
Nb. The steels according to the invention having a low content
of O, high in toughness for the austenite matrix, and having
finely divided hard carbides, are high in the elongation and the
reduction of area on tensile tests at higher temperatures and
on creep rupture tests. - The elongation and the reduction of
area are not improved only in the case when the Ti and Nb,
respectively, are added singly although the carbides are di-
vided as in the case with a high content of O, and when only
Misch metal is added, although the O content is low and the
toughness of the austenite matrix is high, as the carbides are
not divided. The present invention is based upon the finding
that only when a composite additive of carbide-forming ele-
ments of Ti, Nb and the deoxidizer of Misch metal is em-
ployed, the strength, elongation and reduction of area are im-
proved. These effects can be expected not only for the cen-
trifugal casting tubes, but also for cast steels using metallic
molds and sand molds.

FIG. 15 shows the microstructure of centrifugal casting tube
No. 25. No. 24 also shows a similar structure. Although the
steel in this case contains 5 percent by weight of W and the eu-
tectic carbides are divided, as the austenite matrix is low in
toughness, the elongation and the reduction of area are low as
mentioned above, and the creep rupture elongation and
reduction of area are higher than those of prior art centrifugal
casting tubes of 25Cr-20Ni steels, but lower than those of
steels according to the present invention as shown in FIGS. 8
and 9. This factor tends to cause welding cracks because of
the high content of W.

FIGS. 18a-18f show the micrographs of prior art steels and
the steel according to the invention. FIG. 18a is a photomicro-
graph (100 magnifications) of a prior art steel having a struc-
ture similar to No. 13, and FIG. 18b is the same photomicro-
graph . at 400 magnifications. As described above with
reference to FIG. 12, the prior art steels have a large amount
of eutectic carbides and the boundary carbides are thick. In
contrast thereto, for the steel of the invention as shown in
FIGS. 18c and 184, only a small amount of eutectic carbide is
present and fine carbides are dispersed in the grains. FIG. 18¢
is a photomicrograph (100 magnifications) of steel No. 16 and
FIG. 184 is a photomicrograph (400 magnifications) of the
same steel No. 16 FIGS. 18e (sample No. 16) and 18f (sample
No. 13) show photomicrographs of the ruptured specimens by
creep rupture tests on and the steel according to the invention
and the prior art steel, respectively. The dendrite cells of the
steel of the invention flow in the direction of stress, and this
shows that the steel of the invention has a comparatively high
elongation. In the case of the prior art steels, the flow of the
dendrite cells in the direction of stress is not found. It is this
factor which contributes to the fact that the elongation of the
prior art steels is inferior comparatively to that of the present

invention. . L
Welding was effectuated about the centrifugal casting pipes

of the prior art 25Cr-20Ni steel and the steel of this invention.
The welded conditions were sound for all of the cases as deter-
mined from a color check, a bending test and a microscopic
examination. FIG. 16 shows the results of the creep rupture
test at 982° C. for these welded joints. The joints J1 and J2
were prepared by welding the centrifugal casting tube of prior
art 25Cr-20Ni steel with an ordinary welding wire by means of
the TIG (tungsten inert gas arc welding) method. The com-
positions of the wire employed for welding the steel according

tructure of the steel according to the invention, wherein the 70 to the invention are shown in Table 2.

TABLE 2
Chemical composition of welding wires (percent by weight) P.p.m.
Misch
No. C 8i Mn P ] Ni Cr Ti Nb metal N 0 H
Wl oo 0.41 0.9 L57 0014 0008 19.62 26.47 0.22 ... ... (0.1) 82 11 10
W2 . .. 0,42 071 1.67 0.003 0.009 19.49 26.42 0.28 0.30 0.1) 69 12 1.6
W3oeeeooo 0.42 0,58 1.81 0.003 0008 20.66 2672 0.3¢ 0.31 (0.35) 125 3 L0
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It is preferred to use as small an amount of Misch metal ad-
ditive as is possible. The joints J3 and J4 were prepared by
welding the centrifugal casting tube No. 16 of the steel of the
invention with the welding wires W1 and W2, respectively, ac-
cording to Table 2, by means of the TIG method. The welded
joints J5 and J6 were prepared with wires W1 and W3, respec-
tively. The creep rupture strengths of the welded joints J3-J6
of the steel according to the invention are higher than those of
the prior art welded joints J1 and J2. The welded joint J7
prepared by welding the steel No. 22 of this invention with an
ordinary welding wire by means of the TIG method has more
strength than the prior art joints J1 and J2 because of a
strengthening of the deposited metal by dilution of the base
metal. The wires were prepared by melting in a high frequency
induction furnace, in a vacuum for the wires W1 and W2 and
in air for the wire W3, and drawing to a wire of 3.2 mm. in
diameter and 1.6 mm. in diameter, respectively, after having
been forged and rolled. In the case of the vacuum melting
procedure, it is preferred that the amount of Misch metal
added be less as compared with the air melting procedure.

As described above, the steel according to the present in-
vention shows an increase in the creep rupture strength for a
long time and an improved elongation and reduction of area
on the creep rupture test and the tensile test by adding Ti,
Misch metal, Nb and N to the 25Cr-20Ni steel and the 25Cr-3
5Ni steel. Although steels having an improved strength by
singly adding these elements to the steel have been known in
the prior art, steels having decreased oxygen and sulfur con-
tents together with a division of the carbides and showing an
improvement in the elongation and the reduction of area by
the composite addition with Misch metal have never been
proposed heretofore. Also, the steels of the invention can be
welded similarly as the prior art 25Cr-20Ni steel.

As the carbides can be divided by an addition of 5 percent
by weight of W, as seen in No. 24 and No. 25, the elongation
and the reduction of area are increased to a greater extent
than those of the prior art 25Cr-20Ni steel, but less than those
of the steel of this invention. Moreover, this type of steel is dif-
ficult to weld. The cost thereof becomes expensive because a
high content of Ni is needed because of its inferiority in oxida-
tion resistance and its tendency to cause the o-phase owing to
the high content of W.

The steel in accordance with the present invention contains
the following additives: 0.30 to 0.55 percent by weight of C,
0.3 to 2.0 percent by weight of Si, 0.5 to 3.0 percent by weight
of Mn, 15 to 40 percent by weight of Ni, 20 to 30 percent by
weight of Cr, 0.05 to 0.6 percent by weight of Ti, 0.05 to 0.5
percent by weight of Misch metal in an additive amount, 0.07
to 0.7 percent by weight of Nb as needed, less than 50 p.p.m.
of O and less than 1,000 p.p.m. of N. The reasons behind the
particular stated ranges for each of these elements in the steels
of the invention are as follows:

C; 0.30 to 0.55 percent

C is added to increase the strength and to stabilize the
austenite structure. When added in an amount less than 0.3
percent by weight, both of these properties are insufficient.
The 0.55 percent by weight upper limit is based upon the fact
that as the C content increases, the ductility and machinability
goes down. A particularly preferred range of content of car-
bon is 0.35 to 0.48 percent by weight.

Si: 0.2 to 2.0 percent

Si is added for deoxidation reasons. When added in an
amount less than 0.2 percent by weight, a sufficient deoxida-
tion is not obtained. The upper limit of 2.0 percent by weight
is based upon the fact that when the content of silicon is over
this amount, the weldability becomes inferior and a tendency
to cause o-phase brings about an embrittlement. The range of
0.5 to 1.2 percent by weight is most preferred.

Mn: 0.5 to 3.0 percent

Mn is added as a deoxidizer and a desulfurizer. When added
in an amount less than 0.5 percent by weight, these actions are
not sufficient. And, when an amount higher than the stated
range is employed, the oxidation resistance property and the
creep rupture strength go down, hence the upper limit of 3.0
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percent by weight. The preferred range of this additive is 0.7
to 2.0 percent by weight.
Ni: 15 to 40 percent

Ni is added to produce the austenite structure and to in-
crease the strength. When added in an amount less than 15
percent by weight, not only is the stable austenite structure
not obtained, but also the brittle o-phase is created. Although
the austenite structure becomes stable and the resistance to
carbon cementation is higher as the nickel content increases, a
sufficient amount is 40 percent by weight. Thus, the stated
range is 15 to 40 percent by weight, taking into account these
factors as well as the factor of cost. The preferred range is 18
to 38 percent by weight.

Cr: 20 to 30 percent

Cr is added to give an anti-oxidizing property and the hot
corrosion resistance property at high temperatures to the
steel. When added in an amount less than 20 percent by
weight, these properties are not sufficient. Although these
properties are improved as the chromium content increases,
there is no problem in an amount of 30 percent by weight until
a temperature of 1,100° C. is reached. Moreover, higher con-
tents of Cr cause the o-phase to be formed. Thus, the range of
20 to 30 percent by weight is thought to be advantageous. The
preferred range is 23 to 28 % by weight.

Ti: 0.05 to 0.6 percent

Ti prevents the production of the lamellar carbides, divides
the carbides finely, has a deoxidizing action and increases the
elongation and the reduction of area on the high temperature
tensile strength by the composite addition together with Misch
metal. Also, the creep rupture strength is increased by the fine
precipitation of titanium carbide, titanium nitride and titani-
um carbonitride. When an amount less than 0.05 percent by
weight is employed, these effects are not achieved. When
more than 0.6 percent by weight is used, the inclusions are in-
creased and the inner impurity layer becomes thicker. The
preferred range is 0.15 to 0.35 percent by weight.

Rare Earth Metal Alloy: 0.05 to 0.5 percent

A rare earth metal alloy such as Misch metal composed of
mixtures of rare earth elements having Ce and La as the main
component has a strong deoxidizing action as well as denitriz-
ing and desulfurizing actions, makes the O, N and S content of
the steel low, increases the ductility of the austenite matrix,
prevents the production of the lamellar carbide and increases
the elongation and the reduction of area on the tensile test at
high temperatures and on the creep rupture test significantly
together with a facility for dividing the carbides. Since this ad-
ditive is susceptible to oxidation loss in the melt, the steel must
be casted as soon as possible immediately after the addition
thereof. A part of the rare earth metal alloy additive makes it
possible to increase a creep rupture strength and the re-
sistance property to oxidation as an alloying element. The
results shown in Table 3 were obtained by the analysis of La
and Ce contained in the castings of sample Nos. 16-20.

TABLE 3
Sample Number.. 16 17 18 19 20 21 22
Percent by wt.:
) 0.0009 0.0043 0.0043 0.0004 __ ... . ...
[0 TN 0.006 0.014 0.014 0.006 ___.._ ......_...

Thus, it was recognized that Misch metal added as the rare
earth metal alloy had been consumed to below one one-hun-
dredth or less of the amount added to the casting. In one case,
the analysis value could not be detected even though there
had been an addition of Misch metal to the steel. However,
even in this case, the effect of the addition of the Misch metal
can be recognized in the excellence of the mechanical proper-
ties and the small O content in the steel. Although a range of
additive amount of Misch metal is disclosed hereinabove, it
must be noted that said amount does not mean the content
thereof in the casting. The amount proposed as the amount of
addition is for the sake of convenience. When the amount
added is less than 0.05 percent by weight, the effects as men-
tioned above are very small. Although the advantageous pro-
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perties become noticeable as the additive amount increases, a
sufficient amount is 0.6 percent by weight. The addition of
more than this amount increases the number of inclusions and
makes the inner incomplete layer become thicker. In the case
of vacuum melting, the amount to be added may be preferably
smaller, as compared with the case of melting in air, because
the smaller content of O reduces the amount of Misch metal
consumed by oxidation.
Nb: 0.07 to 0.7 percent

Nb is a carbide-forming element similar to Ti and prevents
the formation of the lamellar carbide, divides the boundary
carbides and the cutectic carbides finely and increases the
elongation and the reduction of area on the high temperature
tensile test and the creep rupture test by the composite effect
with the deoxidizing action provided by the Misch metal addi-
tive. Also, the niobium increases the creep rupture strength by
precipitating finely as niobium carbide and niobium car-
bonitride. Particularly, the creep rupture strength at the side
of higher temperature and longer time is increased by the
composite addition of Ti and Misch metal. The effectiveness
on the strength and the ductility is not obtained when the Nb is
added in an amount less than 0.07 percent by weight. An addi-
tion of more than 0.7 percent by weight increases the amount
of the inclusions and makes the oxidation resistance property
inferior. The preferred range is 0.1 to 0.4 percent by weight.

O: Below 50 p.p.m.

Oxygen is normally included in ordinary steels in an amount
of about 60 to 150 p.p.m. because a high content of O has a
tendency to make the austenite matrix-brittle and to cause a
formation of the harmful lamellar carbide; the lesser amounts
are preferred in order to increase the elongation and the
reduction of area. Although the O content in the steel accord-
ing to the present invention is considerably low due to the ad-
dition of Ti and Misch metal, said O content varies according
to the material to be molten and the melting method. How-
ever, the content should be below 50 p.p.m. by consideration
of the ductility property. In fact, a content below 30 p.p.m. is
most preferable. It has been found that the elongation and the
reduction of area were not improved even thoughthe O con-
tent was decreased by only vacuum melting and vacuum cast-
ing. This is caused by not having fine carbides. Accordingly, a
cast steel having a small content of oxygen and also finely di-
vided carbides can be obtained in accordance with the present
invention, said steel having excellent mechanical properties.

N: Below 1,000 p.p.m.

Nitrogen 'is normally included in conventional austenite
steel, in a range of approximately 300 to 600 p.p.m. In the
case of adding N in order to increase the strength of the steel,
about 1,000 p.p.m. of N is included. Although such a high
content of N increases the tensile strength and the short time
creep rupture strength, as the inclination of the creep rupture
curve becomes large, the long time strength becomes inferior
and harmful lamellar carbides are created. It is thus preferable
not to use too much nitrogen in the steel. Even though a rela-
tively high content of N is used in the steel of the present in-
vention, said lamellar carbides are not formed due to the in-
cluded Ti, Misch metal and Nb additives. Thus, nitrogen con-
tents of up to approximately 1,000 p.p.m. can be employed in
the steel of the invention when high tensile strength and short
time creep rupture properties are important. However, from
the point of view of the long time creep rupture strength and
the ductility property, a content below 400 p.p.m. is preferred.

It can be seen from the above description that the steels of
the present invention have advantageous properties which
make them highly useful and adaptable in the production of
many products, such as reformer tubes, cracker tubes, sup-
ports and bends, pipes, ties and the like.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included herein.

It is claimed:

1. An austenitic heat-resisting cast steel consisting essen-
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tially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.05 to 0.5 percent and
the balance substantially iron, the percents all being by
weight, said cast steel being substantially free from gaseous
impurities and possessing excellent ductility at temperatures
higher than about 700° C.

2. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.35 to 0.48 percent, Si in the
range from 0.5 to 1.2 percent, Mn in the range from 0.7 to 2.0
percent, Ni in the range from 18 to 38 percent, Cr in the range
from 23 to 28 percent, Ti in the range from 0.15 to 0.35 per-
cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.20 to 0.45 percent and
the balance substantially iron, the cast steel containing not
more than 50 p.p.m. of oxygen and 400 p.p.m. of nitrogen,
respectively, the percents all being by weight, said cast steel
possessing high creep rupture strength and excellent ductility
at temperatures higher than 700° C.

3. An austenitic heat-resisting cast steel consisting essen-
tially of C.in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.05 to 0.5 percent and
the ‘balance substantially iron, the cast steel containing not
more than 50 p.p.m. of oxygen and 400 p.p.m. of nitrogen,
respectively, the percents all being by weight, said cast steel
possessing tensile strength greater than 7 kg./mm.?, an elonga-
tion larger than about 23 percent and a reduction of area
larger than about 35 percent at temperatures ranging between
850°and 1,000°C.

4. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, Misch metal containing Ce and La as the main com-
ponents added in the range from 0.05 to 0.5 percent and the
balance substantially iron, the percents all being by weight,
said cast steel possessing excellent ductility at temperatures
higher thanabout 700° C.

5. The austenitic cast steel of claim 4, wherein the Misch
metal has composition of 52 percent by weight of Ce, 24 per-
cent by weight of La, 18 percent by weight of Nd, and 5 per-
cent by weight of Pr. :

6. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.35 to 0.48 percent, Si in the
range from 0.5 to 1.2 percent, Mn in the range from 0.7 to 2.0
percent, Ni in the range from 18 to 38 percent, Cr in the range
from 23 to 28 percent, Ti in the range from 0.15 to 0.35 per-
cent, Misch metal containing Ce and La as the main com-
ponents added in the range from 0.20 to 45 percent and the
balance substantially iron, the cast steel containing not more
than 50 p.p.m. of oxygen and 400 p.p.m. of nitrogen, respec-
tively the percents all being by weight, said cast steel pos-
sessing high creep rupture strength and excellent ductility at
temperatures higher than about 700° C.

7. The austenitic cast steel of claim 6, wherein the Misch
metal has composition of 52 percent by weight of Ce, 24 per-
cent by weight of La, 18 percent by weight of Nd, and 5 per-
cent by weight of Pr.

8. An austenitic heat-resisting cast steel of high creep rup-
ture strength and excellent ductility at temperatures higher’
than about 850° C. for use in chemical apparatus consisting es-
sentially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percerit, Niin the range from 18 to 38 percent, Cr in the range
from 23 to 28 percent, Ti in the range from 0.05 to 0.6 per-
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cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.20 to 0.45 percent and
the balance substantially iron, the cast steel containing not
more than 50 p.p.m. of oxygen and 400 p.p.m. of nitrogen,
respectively, the percents all being by weight.

9. A welding wire comprised of an austenitic heat-resisting
steel material consisting essentially of C in the range from 0.30
to 0.55 percent, Si in the range from 0.2 to 2.0 percent, Mn in
the range from 0.5 to 3.0 percent, Ni in the range from 15 to
40 percent, Cr in the range from 20 to 30 percent, Ti in the
range from 0.05 to 0.6 percent, a rare earth metal alloy con-
taining Ce and La as the main components added in the range
from 0.05 to 0.5 percent and the balance substantially iron,
the amount of oxygen contained in the steel being less than 50
p-p-m., the percents all being by weight.

10. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.05 to 0.5 percent, Nb
in the range from 0.07 to 0.7 percent, and the balance sub-
stantially iron, the percents all being by weight, said cast steel
being substantially free from gaseous impurities and pos-
sessing excellent ductility at temperatures higher than about
700°C.

11. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.05 to 0.5 percent and
the balance substantially iron, wherein an amount of oxygen
contained in the steel is not greater than 50 p.p.m. and an
amount of nitrogen contained is not greater than 1,000 p.p.m.,
said cast steel possessing excellent ductility at temperatures
higher than about 700° C.

12. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.35 to 0.48 percent, Si in the
range from 0.5 to 1.2 percent, Mn in the range from 0.7 to 2.0
percent, Ni in the range from 18 to 38 percent, Cr in the range
from 23 to 28 percent, Ti in the range from 0.15 to 0.35 per-
cent, a rare earth metal alloy containing Ce and La as the main
components added in the range from 0.20 to 0.45 percent, Nb
in the range from 0.1 to 0.4 percent and the balance substan-
tially iron, the cast steel containing not more than 50 p.p.m. of
oxygen and 400 p.p.m. of nitrogen, respectively, the percents
all being by weight, said cast steel possessing high creep rup-
ture strength and excellent ductility at temperatures higher
than about 700° C.

13. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 percent, Mn in the range from 0.5+ to 3 per-
cent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, a rare earth metal alloy containing Ce and La as the main
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components added in the range from 0.05 to 0.5 percent, Nb
in the range from 0.07 to 0.7 percent and the balance substan-
tially iron, the cast steel containing not more than 50 p.p.m. of
oxygen and 400 p.p.m. of nitrogen, respectively, the percents
all being by weight, said cast steel possessing a tensile strength
greater than about 7 kg./mm.2, an elongation larger than about
35 percent and a reduction of area larger than about 35 per-
cent at temperatures ranging between 850° and 1,000°C.

14. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.30 to 0.55 percent, Si in the
range from 0.2 to 2.0 percent, Mn in the range from 0.5 to 3.0
percent, Ni in the range from 15 to 40 percent, Cr in the range
from 20 to 30 percent, Ti in the range from 0.05 to 0.6 per-
cent, Nb in the range from 0.07 to 0.7 percent, Misch metal
containing Ce and La as the main components added in the
range from 0.05 to 0.5 percent and the balance substantially
iron, the percents all being by weight.

15. An austenitic heat-resisting cast steel consisting essen-
tially of C in the range from 0.35 to 0.48 percent, Si in the
range from 0.5 to 1.2 percent, Mn in the range from 0.7 to 2.0
percent, Ni in the range from 18 to 38 percent, Cr in the range
from 23 to 28 percent, Ti in the range from 0.15 to 0.35 per-
cent, Nb in the range from 0.1 to 0.4 percent, Misch metal
containing Ce and La as the main components added in the
range from 0.20 to 0.45 percent and the balance substantially
iron, the cast steel containing not more than 50 p.p.m. of ox-
ygen and 400 p.p.m. of nitrogen, respectively, the percents all
being by weight, said cast steel possessing high creep rupture
strength and excellent ductility at temperatures higher than
about 700° C.

16. An austenitic heat-tesisting cast steel of high creep rup-
ture strength and excellent ductility at temperatures higher
than about 850° C. for use in chemical apparatus consisting es-
sentially of C in the range of from 0.30 to 0.55 percent, Si in
the range from 0.2 to 2 percent, Mn in the range from 0.5 to 3
percent, Ni in the range from 18 to 38 percent, Cr in the range
from 23 to 28 percent, Ti in the range from 0.05 to 0.6 per-
cent, Nb in the range from 0.07 to 0.7 percent, a rare earth
metal alloy containing Ce and La as the main components
added in the range from 0.2 to 0.45 percent and the balance
substantially iron, the cast steel containing not more than 50
p.p-m. of oxygen and 400 p.p.m. of nitrogen, respectively, the
percents all being by weight.

17. A welding wire composed of an austenitic heat resisting
steel material consisting essentially of C in the range from 0.3
to 0.55 percent, Si in the range from 0.2 to 2 percent, Mn in
the range from 0.5 to 3 percent, Ti in the range from 0.05 to
0.6 percent, Nb in the range from 0.07 to 0.7 percent, a rare
earth metal alloy containing Ce and La as the main com-
ponents and the balance substantially iron, the amount of ox-
ygen contained in the steel being less than 50 p.p.m., the per-
cents all being by weight.

18. The austenitic cast steel of claim 10, wherein the
amount of oxygen contained as impurities in the steel is not
greater than 50 p.p.m.

19. The austenitic cast steel of claim 10, wherein the
amount of nitrogen contained in the steel is not greater than
1,000 p.p.m.
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