.

Jan. 30, 1968 A.E. NEHRENBERG ET AL 3,366,473
: HIGH TEMPERATURE ALLOY

Filed Nov. 17, 1965 3 Sheets-Sheet

1400

STRESS RUPTURE PROPERTIES AT

1
<
\~3
=9
)
o0
o
Q
)
1 ¢
T °
~
z| |
o
£
y -$
z g | o2
o 11— N
b‘ T / ()
= o &
w w (l) 2
J S ;- v O
a I / T
T 0 o
F S / g
L . /
S = o L
c -
E ]
10 u
g i )] Y,
g2 :
w !
T > o
F /13 S
5 @ gY
[T7 T+ o2
Ja) [ 1/ |« o
] [ 7] < ™
2 [ 1] T«
=] ©
© / z o
i
‘ o S <
i T
- 1¥
o »
/ >
/ -
/ [\
~o ot 0 © % © ™~ ] ~r R0t v o O ) « 0057 ’
00000/ 0000/ ‘ INVENTORS
i ALviN E. NEHRENBERG &
-—! 1Sd ‘ss3ayLls GeNeE. R. RuUNDELL
o BY

Ward., Hasellon, Mic Ehannon, .
) ATTORNEYS

i |



Jan. 30, 1968 A.E. NEHRENBERG ET AL 3,366,473

HIGH TEMPERATURE ALLOY

. 3 Sheets-Sheet 2
Filed Nov. 17, 1965

~3
o
wg
/ ~
/ o
10
/ <
/ 0

°F

RUPTURE LIFE,

RUPTURE PROPERTIES AT 600

Z /
e )
| <o
ps
z . g
; ©
H o o 9
w x / / 0 2
3 = / 2
z s ¢
F © / /
I 302 ®
o o .
T 3
£ g ay .
S 19
[\
'i:'J ¥
= 2
3
g ] T \g
o
[&] I / E L]
l(.;).! / / < [
N a /. % ©
0 / &
o ©
E [ I o
) [ ) 3]
/ s ’
* )
[l ] F

-~

~c b Y v < © o ~C O~ 0 W < ) Y ~
00000/ 0000/ 000/
INVENTORS

ALviN E. NEHRENBERG &
Isd ‘ss3dls GENE R. RUNDELL

[

l' BY

| Wand, Hesellon, Me Eblamnon,
I Qume, Brooka & J’}J%M&,é

ATTORNEYS



STRESS RUPTURE PROPERTIES AT {800 °F

Jan. 30, 1968 A.E. NEHRENBERG ET AL 3,366,473
HIGH TEMPERATURE ALLOY '
Filed Nov. 17, 1965 _ 3 Sheets-Sheet 3

10,000,

o
©
~
©®
7
<

(2}

e ——
1000

5 17 N
F [ 1] e
H § // ~
L z / © g
- i | ]
) ° 2
< 0 / 2
T +
"— - / R
L
(@] LOL l / 9 E
T ) : -
,E: %" ® 7 \
o ] 19 LUNIH |
4 9 14
I C / 9 o>
p ~
= S& > 0
3 -
2 I -3 ¥
/ N o2
o / / ¥ ©
78]
& J o )
W
i / / ng ")
IRVIER .
/ T
1 £l
g D)
/ [
/] )
—T w0t O W < © ~ ~oOot K v I «©) ™~ =
00000/ 0000/ ) 000/
Atvin E Nedgggggggs&
ISd 'S8321S . Gine R RUNDEL -

BY '
Wend, Hadellin, Vic C@/m/n/rwn
Crme, Brooks § Ww&

ATTORNEYS

Tic].z.



United States Patent O

~

3,366,473
Patented Jan. 30, 1968

n
CC

1

3,366,473
HIGH TEMPERATURE ALLOY
Alvin E. Nehrenberg and Gene R. Rundell, Lockport,
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This invention relaies to high temperature or heat re-
sisting alloys, and more particularly, to heat resisting
alloys containing nickel, chromium, molybedenum tung-
sten and cobalt as major alloying elements.

Heat resisting alloys are characterized as having high
strength at elevated temperatures in combination with re-
sistance to chemical deterioration on extended exposure
to a variety of industrial environments which might be

oxidizing, reducing, carburizing, nitriding, or sulfurizing. .

These alloys are useful materials for the fabrication of
equipment and accessories used in the heat treatment of
metals and alloys, in chemical processing operations, or
for components for jet engines or stationary turbines
where strength and oxidation resistance or high tempera-
ture corrosion resistance is required.

There is a continuing demand for material improve-
ment or innovations which will result in longer life for a
particular part or accessory, or equivalent life at lower
initial cost. The realization of such goals is contingent, at
least in part, upon the development of improved material
characteristics such as greater strength or greater resist-
ance to some particular corrosive environment.

The advantages and characteristics of the alloys of the
present invention will be clarified in the ensuing discus-
sion. U.S. Patent 2,955,934 of common ownership with
the present application, discloses an improved high tem-
perature alloy which has gained commercial acceptance
because of its high strength at elevated temperatures in
combination with good high temperature corrosion re-
sistance. The nominal composition of the alloy is as fol-
lows: Ni 46%, Cr 25%, Mo 3%, W 3% and Co 3%.

The alloy of the present invention constitutes an im-
provement on that of said patent in the inclusion of boron
in a critical amount and preferably also nitrogen in a criti-
cally limited amount, for imparting at least 56% greater
strength than the alloy of said patent and without sacri-
ficing any of the other desirable - properties thereof in-
cluding elevated temperature corrosion resistance.. This
represents a contribution to the heat resisting industry in
that a saving of 50% in material costs can be realized by
using. the alloys of this invention in the fabrication of
structures required to withstand some particular level of
operating stress. Conversely, in those instances where ulti-
. mate failure is attributable to stress.rupture, the use of
the alloy of the present invention would increase the time
for failure by a factor of 10 as compared to the alloy of
said patent.

The primary objective of the invention therefore, is to
provide an alloy for heat resisting applications with sig-
nificantly higher elevated temperature strength charac-
teristics, specifically rupture strength, at temperatures up
to about 2200° F., than alloys heretofore known.

Another object is to provide an alloy with high resist-
ance to chemical deterioration at elevated temperatures
in a variety of industrial environments.

A further object of this invention is to provide an alloy
at relatively low cost possessing good hot workability
which can be melted in air in an electric arc furnace using

10

15

20

25

30

35

40

45

50

66

60

66

2

constituents and raw materials which are readily avail-
able and not strategic in nature.

A still further object of this invention is to provide a
castable alloy possessing all of the desirable characteris-
tics mentioned above.

Other aims and advantages of the invention will be ap-
parent to those skilled in the art from the following de-
scription and appended claims.

In accordance with the present invention, an improved
alloy is provided consisting essentially by weight of 35 to
55% nickel, 15 to 30% chromium, less than 6% each of
molybdenum and tungsten either combined or separately,
less than 5% cobalt, 0.001 to 0.10% boron, less than
.12% nitrogen, up to 0.6% carbon with silicon and man-
ganese not exceding 2% each or 4% in total amount, the
remainder being essentially iron. The impurities phos-
phorus and sulfur may each be present in amounts up
t0 .025%.

The preferred range of essential constituents of this
alloy in wrought form consists by weight of 44 to 47%
nickel, 24 to 27% chromium, 2.50 to 4.0% each of the
constituents molybdenum, tungsten and cobalt, .03 to
.08% each of carbon and nitrogen, 0.005 to 0.05% boron,
and 1.0 to 1.5% manganese and silicon, the remainder
being essentially iron.

The preferred range of essential constituents of this
alloy in cast form consists by weight of 44 to 47% nickel,
24 to 27% chromium, 2.5 to 4.0% each of the constitu-
ents molybdenum, tungsten and cobalt, .03 to .08% nitro-
gen, .015 to .050% boron, .25 to .35% carbon and 1.0 to
1.5% manganese and silicon, the remainder being essen-
tially iron.

It has been discovered that the higher strength charac-
teristics which distinguish the alloy of this invention from
the prior art alloys can be consistently realized by care-
fully controlling the boron and nitrogen contents. Control
of the nitrogen content is necessary to preserve the higher
strength characteristics for, as it will be shown later, an
increase in nitrogen content above about 0.10% actually
results in a decrease in strength. This is an unexpected dis-
covery for there are many references in the technical
literature relative to the beneficial effects on strength of
nitrogen additions. See, for example, the paper by A.
Kasak, C. M. Hsiao and E. J. Dulis on “Relationships Be-
tween Composition and Properties of Austenitic Chro-
mium - Manganese - Carbon - Nitrogen Stainless Steels”
which appears in ASTM Proceedings, vol. 59, 1959, pp.
786 to 801, inclusive.

The alloys of the present invention also possess out-
standing strength characteristics at temperatures up to
2200° F. in the form of castings. When the alloys are to
be used in the cast condition, the carbon content is pref-
erably increased to 0.6% maximum. This improves the
castability of the alloys and affords some increase in high
temperature strength with some sacrifice in room tempera-
ture ductility. Carbon contents greater than 0.6% produce
a seriously embrittled alloy and do not further improve
high temperature strength.

The advantages inherent in the alloys of this invention
will become more apparent as the result of the discussion
which follows.

The following Table I lists several typical heat resisting
alloys which are widely used throughont industry. Alloy
333 is the improved alloy of Patent 2,955,934 above men-
tioned; whereas Alloys 330 and 600 are older prior art
alloys. Alloy 600 is known to many as Inconel whereas
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Alloy 330-is designated Incoloy 800 by a major producer
of heat resisting alloys.

4

TABLE IV.—RESULTS OF_ 1800° F. STRESS-RUPTURE
TESTS

TABLE IL—TYPICAL HEAT RESISTING ALLOYS - )
Alloy Variant Stress, | Life, hr. Pe}l::clent Percent
! [ p.s.i. . y.
Grade‘Canlb‘i NilCr FeIW\Mo Co 5
Typical 333...| None._._....-- 6, 000 8.8 30 26.5
300.._.| .08| 2| 12| 350|100 Bal {foceofeeooee 5,000 19.4 29 21.5
600.....| .06| 0.6 0.3| Bal |15.0 A3 MR RS 4,000 108. 6 27 19.4
333_____ ‘06! 12| 12| 46.0|25.0| Bal| 3.0| 3.0{ 3.0 3,000 240.1 21 18.2
2,000 | 1,548.7 16 12.5
1o S .002B, .24 Ch_. i" 000 387.2 31 22.1
i i 000 96. 1 2 17.3
. _Tab}e II below lists some of the experlmqntal alloys o 00 B, No Cb__| 5000 9ot 2 i3
investigated in a study which lead to the discovery of 4000 298.6 19.0 10.3
the improved alloys of the present invention. All experi- B0 R GO0 id 2.0 2.8
mental alloys in the program were induction melted, cast 4,000 396.0 24.0 21.5
into 100 pound ingot molds, press cogged and rolled to Moo D5 Beeonianens Sy o2 89 324
54" square bars. The bars were solution annealed at ’
2200° F. for 30 minutes and water quenched.
TABLE II.—EXPERIMENTAL HEAT RESISTING ALLOYS
Alloy c Mn Si Ni Cr W Mo Co Cb B N Fe
.08 1.02 112 Bal. 25.7 3.14 3.15 3.46 Nil Nil .08 17.01
.07 1.06 115 Bal. 25.79 2.96 3.29 3.46 Nil Nil .12 16.07
.05 110 1.04 Bal. 25.90 2.76 3.32 3.35 Nil Nil 7 15.44
.06 1.03 1.15 Bal. 26. 11 3.06 3.40 3.06 Nil .05 .08 15,12
.05 .85 1.10 46,78 25.76 2.66 3.09 2.38 p . 002 .05 Bal.
.06 .92 112 46. 50 25. 68 2,88 3.07 3.0¢ Nil . 002 .05 Bal.
.08 .93 1.12 46.40 25.76 2.90 2.97 3.10 Nil .015 .05 Bal
L05 .93 1.12 46.98 25,72 2.98 3.01 3.16 Nil .045 04 Bal.
~ Specimens for stress rupture tests were machined from TABLE V.—RESULTS OF 1,400° F. STRESS-RUPTURE
{he solution annealed material and were tested at tempera- TESTS
tures of 1400, 1600 and 1800° F. Specimens from a pro- : ]
duction heat of the prior art 333 alloy in the solution 40 Alloy Variant ngse_sf' Life, hr. | Percent | Percent
annealed condition were included in the program to pro-
vide a base oj.f reference. . . Typical 333...] None.........._| 25,000 12,5 53 41.4
The resulting data are summarized in Tables III to 20, 000 4.8 54 43.8
V, inc., below and the data thereof are plotted in the }g:ggg 162.9 - 21
conventional manner in the accompanying drawings to g ............. .883 g, .24 Cb_. gg,ggg gg. % ig.o 928.3
obtain standard stress rupture charts which are designated 45 357777777777 Ts BITTTTTTT 250000 g a0 o8
FIGURES 1, 2 and 3. Table VI compares the 1000 hour %g, ggg . zzi)g.g gg gg.g
rupture strength at 1400, 1600, 1800 and 2000° F. with S CTRU 5B 200000 | 'i82.8 53 52,9
typical values for the prior art alloys shown in Table L
50 TABLE VI—1000 HOUR RUPTURE STRENGTH, P.S.L

TABLE IIL—RESULTS OF 1,600° F. STRESS-RUPTURE
TESTS

Alloy Variant Stress, | Life, ir. | Percent | Percent
p.s.i. ElL RA
Typical 333...| None__.__...... 12, 000 18.7 22 24.4
10, 000 39.8 20 21.5
9, 000 64.2 16 18.2
8,000 103.6 13, 14.7
6,000 282.4 10.5 12.2
4,000 | 1,524.8 9.6 10.2
|, 08 N .o 10, 0G0 45.7 14 9.6
8,000 104.6 13 8.6
;S A2 Nl 10, 000 29.0 5 3.2
7,500 115.7 8 4.6
[ S AT Nl 10, 000 20.3 12 10.4
7,000 81.4 9 7.3
T e 05 B . 12,000 74.4 27 29.6
11, 000 142.0 26 24.4
7,75 693.9 16 13.3
5,750 1>1,450 oo |oaemoaoe
- S .002 B, .24 Cb__| 12,000 68. 31 30
10, 000 146.2 28 27.7
[, .002 B, No Cb._{ 12,000 109 38 1.7
10, 000 223.4 37 47.9
10 ccciieae 015 B ceenoe 15, 000 26.3 50 62.5
12, 000 95.6 50 53.5
10, 000 193.8 35 41.2
7,000 873.7 16 14.7
1. 5B L 12,000 60.1 56 25.1
10, 000 135.4 41 9.6

60

75

Alloy 1,400° F. | 1,600° ¥. | 1,800° F. | 2,000° .
9,000 3, 500 1,800 900

8, 500 3,800 1,700 800

11,000 4, 500 2,200 - 960

16, 500 6, 700 3,200 1, 600

Several conclusions are evident from this data. The
outstanding disclosure is that the alloys of this investiga-
tion are about 50% stronger than the best of the prior art
alloys, namely the 333 alloy. This observation applies to
the full temperature range from 1400 to at least 2000° F.

A careful study of the data in Tables ITI to V inclusive
discloses that the improvement is attributable to the addi-
tion of .015% or more boron and to the limitation of
nitrogen to .12% maximum. Note in Table III that alloys
2 and 5 containing .08 and .12% - nitrogen, respectively,
show essentially the same rupture life for a given level of -
stress as a typical alloy 333 heat whereas alloy 6 contain-
ing .17% nitrogen is clearly inferior.

Small additions of columbium are sometimes made to
heat resisting alloys to improve their strength but a com-
parison of the data for alloys 8 and 9 in Table IIT shows
an adverse effect of a columbium addition on the alloys
of this invention.
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Although the data described above were obtained from
the testing of wrought material having a carbon content
of .08% maximum, similar beneficial effects result from
the control of mnitrogen in cast alloys of this invention
together with the addition of boron in the ranges here-
tofore mentioned.

What is claimed is:

1. An alloy consisting essentially of about: 33-55%
nickel, 15-30% chromium, less than 6% each of molyb-
denum and tungsten and combinations thereof, less than
5% of cobalt, less than 0.12% nitrogen, up to 0.6% car-
bon, up to 4% of metal of the group silicon and manga-
nese but not exceeding 2% of each, 0.001-0.1% boron,
phosphorus and sulfur not exceeding about 0.025% each,
and the balance substantially all iron.

2. A forgeable alloy consisting essentially of about:
35-55% nickel, 15-30% chromium, less than 6% each
of molybdenum and tungsten and combinations thereof,
less than 5% cobalt, less than 0.12% nitrogen, up to 4%
of metal of the group silicon and manganese but not ex-
ceeding 2% of each, phosphorus and sulfur not exceeding
about 0.025% each, 0.001-0.1% boron, up to 0.1% car-
bon and the balance substantially all iron.

3. A cast alloy consisting essentially of about: 44—
47% nickel, 24-27% chromium, 2.5-4% each of molyb-
denum, tungsten and cobalt, 0.03-0.08% nitrogen, 0.015—

10

15

25

6
0.05% boron, 0.25-0.35% carbon, 1 to 1.5% of metal of
the group manganese and silicon, and the balance sub-
stantially all iron.

4. A forgeable alloy consisting essentially of about:
44-47% nickel, 24-27% chromium, 2.5-4% each of
molybdenum, tungsten and cobalt, 0.03-0.08% each of
carbon and nitrogen and combinations thereof, 0.005 to
0.05% boron, and the balance substantially all iron.

5. A forgeable alloy consisting essentially of about:
44-47% nickel, 24-27% chromium, 2.5-4% each of
molybdenum, tungsten and cobalt, 0.03-0.08% carbon,
up to 0.08% nitrogen, 0.005-0.05% boron, 1-1.5% of
manganese and silicon and combinations thereof, balance
substantially all iron.

References Cited

UNITED STATES PATENTS
2,750,283 6/1956 Loveless —__._..___ 75—128 XR
2,857,266 10/1958 Anger - ___.______ 75128 XR
3,159,479 12/1964 Copsonetal. _._______ 75—128
3,168,397 2/1965 Scharfstein . __.___ 75—128
3,306,736 2/1967 Rundell ___________.__ 75—128

DAVID L. RECK, Primary Examiner.
P. WEINSTEIN, Assistant Examiner.



