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NICKEL-BASE ALLOYS HAVING A LOW
COEFFICIENT OF THERMAL EXPANSION

FIELD OF INVENTION

The present invention pertains to nickel base alloy
compositions consisting predominantly of nickel, chio -
mium, molybdenum, and carbon. Preferably, the alloys
also contain boron. The alloys of the present invention
provide a unique, and previously unavailable combina-
tion of properties including elevated temperature
strength, resistance to oxidation, resistance to corro-
sion at elevated temperatures, and a very low coeffici-
ent of thermal expansion. The nickel base alloys of this
invention are particularly useful for making hard facing
welding rods both in cast wire and powder form; com-
ponents for use in the glass forming industry; and com-
ponents for use in hot sections of gas turbine engines,
such as integral wheels, turbine shrouds, cases, seals,
and the like.

BACKGROUND OF INVENTION

In recent years, there has developed a need for alloys
having low thermal expansion characteristics coupled
with elevated temperature capabilities. The need for
such alloys, for the most part, has arisen in connection
with gas turbine technology. With the growing demand
for improved engine efficiency, attention has been fo-
cused upon increasingly sophisticated engine designs.
Low thermal expansion characteristics of alloys from
which gas turbine engine components are fabricated, is
important if maximum engine efficiency is to be
achieved under all modes and conditions of operation.
Specifically, as adjacent engine components heat and
cool, critical clearance dimensions change. In many
cases, the ability to substantially maintain critical clear-
ance dimensions throughout the full spectrum of en-
gine operating conditions, will determine the success or
failure of a particular engine design.

A typical situation is presented with respect to gas
turbine engine shrouds. Gas turbine engine shrouds
may be visualized as an open ended, thin-walled cylin-
der. Within the cylinder, a disk with radially attached
blade air foils rotates about an axis which is common
with the longitudinal axis of the cylinder. The clearance
between the tips of the rotating blades and the inside
surface of the cylinder will to a large extent, control the
efficiency of the engine. If the shroud expands more
than the blade air foils during engine operation, the
clearance increases and the engine efficiency falls off
sharply.

Gas turbine engine components fabricated from al-
loys having low coefficients of thermal expansion are
advantageous for reasons other than maintaining criti-
cal clearance dimensions, It has been determined that a
low coefficient of thermal expansion is an essential
physical property for improving thermal fatigue or
thermal shock cycling resistance in high temperature
alloys.

Alloys suitable for fabricating objects such as compo-
nents for gas turbine engines desirably possess a num-
ber of other properties in addition to low coefficients of
thermal expansion. Such alloys must simultaneously
possess a number of high temperature properties in-
cluding resistance to oxidation, sulfidation, and other
forms of environmental deterioration. In the past, ex-
haustive research has been conducted to develop alloys
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exhibiting resistance to oxidation and sulfidation. It is
well recognized in the art that resistance to environ-
mental deterioration in alloy compositions is controlled
by the interaction of various alloying constituents.
Chromium is by far the most influential solute element
effecting resistance environmental deterioration. How-
ever, large amounts of chromium adversely affect high
temperature creep rupture strength. For applications
such as gas turbine components, high temperature
creep rupture strength is also an important consider-
ation.

The alloys currently used commercially for high tem-
perature applications possess one, or in some instances
two, of the three characteristics described heretofore
(low coefficient of thermal expansion, high tempera-
ture corrosion resistance, and good creep rupture
strength at elevated temperatures) that are desired in
alloys useful for the fabrication of gas turbine compo-
nents. For example, commercial nickel base alloys are
available which exhibit remarkably low thermal expan-
sion properties in comparison with typical high temper-
ature alloys. However, the very low chromium content
of such alloys renders them unacceptable for use in the
uncoated condition at temperatures over about
1400°F. in sulfidizing environments. Such alloys deteri-
orate catastrophically at temperatures higher than
1,800°F. under sulfidizing conditions.

Other commercially available alloys exhibit excellent
resistance to environmental deterioration, but typically
such alloys are confined to low stress applications at
temperatures over 1,600°F. More importantly, such al-
loys generally exhibit high thermal expansion proper-
ties typical of nickel base alloys.

There are a number of precipitation strengthened
nickel base super alloys which, because of their
strength for resisting creep deformation at elevated
temperatures, are used as materials for fabricating
components for use in high temperature sections of gas
turbines. The conventional strengthening mechanism
employed involved precipitation of an ordered inter-
metallic phase, generally referred to as gamma prime,
having the generic formula Niy(Al Ti). As amounts of
aluminum and titanium have been increased, to in-
crease the amount of precipitate formed and thereby
increase strength, it is necessary to decrease the chro-
mium content. The chromium content must be de-
creased in order to maintain an overall alloy composi-
tion that possesses microstructural stability and high
temperature strength. As chromium content is de-
creased, the resistance to oxidation and sulfidization
necessarily decreases.

Despite the apparent dilemma of being able to select
either a strong alloy or one with good resistance to en-
vironmental deterioration, a few compositions have
evolved with a relatively good balance of both proper-
ties. However, even these compositions are suitable for
use only in gas turbine engines employing high grade
aviation fuels and operating conditions whereby hot
corrosion and sulfidization are minimized, unless an ox-
idation and sulfidization resistant coating is applied to
components formulated from such alloys.

Furthermore, despite the good combination of
strength and corrosion resistance, such alloys are not
well suited for applications in which low thermal ex-
panston is a primary concem. Such alloys have high
thermal expansion properties typical of nickel base su-
peralloys.
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Cobult based superalloys rely on solid solution
strengthening and a dispersion of primary carbides for
elevated tempurature strength. For this reason, cobalt
based alloys will accommodate a significantly greater
percentage of chromium than nickel base alloys. As a
general proposition, cobalt buse superalloys may be
categorized as weaker, but more corrosion resistant,
than nickel base materials. The expansion properties of
cobalt base alloys are generally higher than nickel base
alloys, making cobalt base alloys even less attractive for
applications which require low thermal expansion.

The present invention pertains to nickel base alloy
compositions possessing a very low coefficient of linear
thermal expansion and sulfidation resistance adequate
to enable use of uncoated components fabricated from
the alloys in corrosive environments. In addition, the
alloys possess elevated temperature strength character-
istics adequate to permit the alloys to be employed for
numerous high temperature applications.

The alloys of the present invention contain unusually
high levels of chromium and molybdenum. In the vast
majority of cases, chromium and molybdenum contain-
ing commercial nickel base alloys contain concentra-
tions of chromium and molybdenum which are below
the respective solubility limit of each element in nickel.
In the alloys of the present invention, the concentration
of chromium and molybdenum far exceeds normal sol-
ubility limits in nickel.

Excess chromium and molybdenum in the alloys are
prevented from forming deleterious embrittling phases
through the addition of boron and carbon. Boron and
carbon react with chromium and molybdenum to form
borides and carbides. Unusual and unexpected strength
improvements result from the boride and carbide dis-
persions so produced.

High concentrations of chromium in both the metal-
lic matrix and the strengthening dispersoid resuit in un-
usually high resistance to sulfidation and corrosion at
elevated temperatures. The presence of all four major
alloying constituents (chromium, molybdenum, boron,
and carbon) serve to lower the thermal expansion
properties of the alloys. The expansivity of specific
alloy compositions within the scope of the present in-
vention is lower than any known commercial nickel,
cobalt, or iron-base alloy.

The present invention provides a nickel-base alloy
having a low coefficient of thermal expansion as well as
elevated temperature strength and resistance to high
temperature corrosion. In addition, the present inven-
tion provides a nickel base alloy composition having a
high elevated temperature hardness and corrosion re-
sistance suitable for use in high temperature hard fac-
ing applications. Furthermore, the present invention
provides high strength nickel base alloys of sufficient
chromium content to resist the fluxing action of molten
oxides and thus is suitable for fabricating components
useful in the manufacture of glass shapes.

SUMMARY OF INVENTION

In general terms, the present invention pertains to
nickel base alloy compositions consisting essentially of
nickel, chromium, molybdenum, carbon and boron.
These alloys have good elevated temperature strength,
resistance to oxidation, and resistance to hot corrosion,
as well as a very low coefficient of thermal expansion.
The invention also concerns components for use in gas
turbine engines and hard facing welding rod made from
such alloys.
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Table [ sets forth a broad range, an intermediate
range, and two different and narrower ranges, in terms
of percent by weight, of elements employed in the al-
loys of the present invention. It should be understood
that the tabulation in Table I relates to each element
individually, and is not intended to solely define com-
posites of broad and narrow ranges. Nevertheless, com-
posites of the narrower ranges specified in Table I rep-
resent particularly preferred embodiments.

TABLE |
Broad Intermediate
Element Range Range Narrower Ranges
Cr 24-42 28 - 42 38 - 42 33-137
Mo 8-22 12-20 1216 16 - 20
C 0.1-1.4 0.15-1.2 0.5-1.2 03-1.2
B 0-0.8 0.04 - 0.7 0.2 -0.7 0.15-4.5
Ni Balance Balance Balance Balance

In addition to the alloying constituents specifically
set forth in Table I, the alloys of the present invention
may contain minor amounts of other elements ordinar-
ily included in nickel base alloys by those skilled in the
art which will not substantially deleteriously affect the
important characteristics of the alloy or which are inad-
vertently included in such alloys by virtue of impurity
levels in commercial grades of alloying ingredients. Im-
purities and incidental elements which may be present
include titanium, manganese and silicon in amounts
normally employed to achieve castability and melt de-
oxidation. Typically, these elements would be present
in amounts less than | percent and preferably manga-
nese and silicon would each be present in amounts of
not more than 0.5 percent while titanium would be
present in amounts of not more than 0.2 percent. Other
impurities and incidental elements which may be pres-
ent in the alloys of the present invention include copper
in amounts of not more than 0.5 percent, sulphur and
phosphorous in amounts of not more than 0.20 percent
and iron and cobalt in amounts of not more than 2.0
percent. Impurities such as nitrogen, hydrogen, tin,
lead, bizmuth, calcium and magnesium should be held
to as low a concentration as practical.

BRIEF DESCRIPTION OF THE DRAWINGS:

FIG. 1 is a graphical plot of thermal expansion prop-
erties of commercial iron, nickel and cobalt-base su-
peralloys.

FIG. 2 is a graphical plot depicting 100 hour creep
rupture life for various commercial alloys.

FIG. 3 is a plot of thermal expansion properties for
commercial iron, nickel and cobalt base superalloys
and for example alloys of the present invention.

FIG. 4 is similar to FIG. 2 but represents example al-
loys of the present invention rather than commercial
alloys.

DESCRIPTION OF EXAMPLES AND PREFERRED
EMBODIMENTS:

As previously noted, commercially available high
temperature alloys may possess some of the character-
istics desired in an alloy useful for fabricating compo-
nents of gas turbine engines, but such alloys do not pos-
sess all of the desired characteristics. This may be illus-
trated with reference to several commercial alloys
whose compositions are presented in Table Il As
shown in FIG. 1, commercial alloys A and B of Table Il
show remarkably low thermal expansion properties in
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S
comparison with typical high temperature alloys. In
FIG. 1, the shaded area designated 1 represents a range
of mean coefficients of linear thermal expansion at var-
ious temperatures for 89 commercial iron, nickel and

6
forms stable carbides and both chromium and molyb-
denum form stable borides.
Evaluation of cast alloys in accordance with the pres-
ent invention shows a noticeable increase in alloy hard-

cobalt-base superalloys. Curves 2 and 3 represent plots 5 ness in comparison to similar alloys which do not con-
of mean coefficients of thermal expansion against tem- tain borides and carbides. Microstructural examination
perature for, respectively, commercial alloys A and B. confirms that refractory carbides and borides are
In the case of both commercial alloy A and B, their formed on solidification of the alloy. In addition micro-
low thermal expansion is attributed to the presence of  structural examination shows that the carbide and bo-
unusually high levels of molybdenum, a refractory ele- 10 ride constituents are rejected by the solidifying metallic
ment with low expansivity. The total absence or very dendrites. The continuity of the metallic phase on a mi-
low chromium content in these alloys renders them un- crostructural scale can be controlled by varying the
acceptable for service, in an uncoated condition, at alloy composition, but the network of particulate car-
temperatures over about 1,400°F. in a sulfidizing envi- bides and borides remains fairly continuous.
ronment. Both alloys deteriorate catastrophically at 15 It has further been found that in addition to an im-
temperatures of 1,800°F. and higher under sulfidizing provement in room temperature hardness, the elevated
conditions. temperature-creep rupture strength of alloys in accor-
TABLE 1
Commercial
Alloy Ni  Co Fe Cr Mo W Al Ti Cb Ta c B Zr
A* (1) 25 5 06 28— — — — — 0.1 — —
B* (ry — - - 1 — 8 — — — 1% R —
C (ry 1.5 19 22 9 06 — — — — 0.1 — —
D** (1) 20 - 29 - - 1.2 2.3 0.7 — 05 00 05
E 10 () - 24 - 7 - 0.2 - 35 0.6 — 0.5
(1) Balance
*No sulfidation resistance unless coated
**Vacuum Melted
In addition to inadequate environmental corrosion dance with the present invention which contain only
resistance, the elevated temperature strength of com- 0.5 to 1.0 percent carbon approaches the strength of
mercial alloy A is so limited that it cannot be employed several commercial cast cobalt base superalloys. The
for components subjected to high stress at tempera- simultaneous addition of carbon and boron results in
tures of above 1,600°F. This is illustrated in FIG. 2 creep-rupture strength comparable to several widely
which plots 100 hour creep rupture life in terms of tem- 35 used commercial cobaltbase cast alloys. The maximum
perature versus stress for a number of commercial al- creep rupture strength observed in alloys in accordance
loys. Curve 1 of FIG. 2 represents commercial alloy A. with the present invention containing both carbon and
As may be further seen from FIG. 2, commercial alloy boron is 42,000 psi for rupture in 100 hours at 1,500°
C (curve 2) also lacks adequate elevated temperature F. This value is approximately 10 percent higher than
strength. Commercial alloys D and E (curves 3 and 4, 40 the strongest known cast cobalt-base superalloy.
respectively, of FIG. 2) possess better high temperature A number of example alloy compositions in accor-
strength characteristics, but not as high as desired at dance with the present invention were studied, using
temperatures above about 1,600°F. Although the material melted and cast in air in standard shell test bar
strength of commercial alloy B is excellent through and weld rod molds. Thirty to 50 Ib. heats were pro-
45 duced for each composition studied. Response to heat

about 2,200°F., the total lack of environmental corro-
sion resistance severely restricts its use.

Commercial alloys C, D and E possess exceptional
resistance to environmental deterioration. However,
the thermal expansion properties of all of these alloys
are high, typical of nickel-base alloys falling within the
shaded area of FIG. 1. The high thermal expansion
properties of these elements is a major drawback with
respect to their use for fabrication of certain gas tur-
bine engine components.

As shown by the formulations of Table I, the use of
chromium and molybdenum as major alloying constitu-
ents in high temperature nickel-base alloys is relatively
common. The advantages and effect of each element is
known to those skilled in the art. However, in certain
compositions, it has been observed that these elements,
if present together in sufficient quantity will cause the
precipitation of brittle phases in the form of needles or
platelets. The resultant effect on high temperature
strength and ductility can be severe.

In the high chromium, high-molybdenum alloys of
the present invention, the amount of chromium avail-
able for brittle, acicular phase formation, is reduced
through the addition of carbon and boron. Chromium

treatment was determined by subjecting the test mate-
rials to a 24-hour aging exposure at 1,600° F. Alloys
that demonstrated an aging response were given the
1,600°F. aging treatment prior to testing or were sub-

50 jected to a 2,150°F. stress relief/solution anneal prior to
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aging and testing,

Creep rupture tests were conducted at temperatures
between 1,4) O°F. and 2,000°F. under loads that would
enable comparison of properties with those of commer-
cial alloys. The measurements of thermal expansion
properties were conducted on ground cylindrical speci-
mens 2 inches in length and 0.200 inches in diameter
using standard dialatometric methods.

Hot corrosion and resistance to sulfidization were
studied by subjecting 1 inch long, 0.50 inch diameter,
cylindrical specimens to a 300 hour partial exposure
immersion in molten 90% Na,SO, - 109% NaCl salt mix-
ture at 1,600°F. Resistance was determined by the mea-
surement of weight loss per unit area and by determina-
tion of surface recession rate by metallographic means.

Analysis of the example alloys is presented in Table
HI, in terms of percent by weight of alloying constitu-
ents. The results of thermal expansion studies are pres-
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ented in Table IV and graphically represented FIG. 3, TABLE V-continued
in comparison with commerical alloys. In FIG. 3,
shaded area 1 represents the range of mean coefficient . CCrf;‘;R-RUPture Properties
of linear thermal expansion over the temperature range Example T“;:‘p"’" S Life 1S00°F.100 Hr.
between about 400°F. and 1,600°F. for 89 commercial 5  Anoy °F. psi  Hrs. % EL. % Rupture Stress
high temperature alloys while shaded area 2 represents RA
the same range for 11 example alloys. Aslshowq in FI1G. 1600 20.000 9.9 267 402 —
3, alloys within the scope of the present invention tend 2000 5,000 85 126 243 —
. . 3 p—
to have substantially lower thermal expansion proper- 2000 5000 88 190 260 20000
ties than conventional commercial superalloys. 10 2 1600 20,000 9.3 50.6 460 Z
1600 20,000 B4 555 47.1 —
TABLE IIl 2000 5,000 6.1 166 265 -
: . 2000 5.000 6.0 200 30.1 —
Ef\dlrlg‘;le Ni C Mo B Elemém Mn Si - - - - = 20,000
3 1600 20000 100 201 24.6 -
! (hy 25 18  — 0.5 - 15 1600 20000  81.0 19.1 19.8 -
2 (h 30 18— 1.0 — 2000 5000 152 7.9 103 —
3 (:) 3(5) }g o.g :.u — — 2000 5000 123 60 B85 —
4 () 0. 0 — — - — - - = 26,500
Z ::; 3(5) }3 8§ {8 - - 4 1600 20000 488 175 169 —
: . - - 1600 20,000 583 283 325 -
M (g0 14 09 4 - - 2000 5000 7.6 350 470 -
A S O R - - 2 2000 5000 102 246 415 -
10 (1) 35 18 02 05 - - - - - = = 25.500
1 () 30 18 005 05 - — 5 1600 20000  69.7 19.0 27.1 -
12 ) 0 18 02 0.5 — _ 1600 20000 576 139 173 -
13 (y 30 18 0.2 0.5 0.5 0.5 2000 5,000 182 275 294 —
14 () 30 I8 05 0.2 = 2000 5000 104 206 (7.8 —
15 () 30 18 0.2 0.2 — - 25 — - - - = 26,000
6 1400 50,000 1324 30 — —
(1) Balance 1400 50,000 2284 31 39 —
1600 35000 656 24 2.8 -
1600 35000 358 2.0 3.2 —
1800 15000 122 20 40 -
TABLE IV 1800 15000 1532 12 15 —
Example Mean Coefficient Of Linear Thermal 30 2000 5.000 582 13 1.8 -
Alloy Expansion from 80°F to Indicated Temperdture 2000 5,000 147 55 186 -
400°F . 8O0O°F. 1200°F. 1600°F. 2000 5,000 95.1 1.7 2.2 —
2000 5000 240 76 90 —
1 6.79 6.94 7.56 7.96 - — - = = 42,000
2 5.87 6.53 7.02 7.17 7 1600 20,000 609 38 45 —
4 5.56 5.83 6.40 6.77 1600 20,000 649 39 43 —
5 6.17 6.39 6.84 7.03 35 2000 5.000 37 1.8 3.0 —
‘7’ gé; 2'33 g;g ;ﬁ 2000 5,000 36 23 35
: : : . — — - - = 25,500
o . el g I3 8 1600 20000 486 55 6.4 -
1 b &30 206 739 1600 20000 601 65 7.2 —
12 631 6.44 7.10 7.52 2000 5000 96 26 38 -
15 6.17 6.39 7.20 7.56 40 2000 5000 1L& 50 68 -
— — - - - 25,000
9 1600 20000 309 [3.5 226 -
1600 20000  42.0 109 7.1 -
Creep rupture test results for various example alloys z%g 2838 2(2] :?g :3; -
are set forth in Tables V and VI and in FIG. 4. The data - - A 24000
tabulated in Table V for each of the example alloysin- 45 10 1600 20,000 427 201 276 —
cludes time to rupture in hours under various condi- l%g 22838 42? é‘;; gg‘; -
tions of temperature and stress, the tolerated final total 3000 S.000 91 307 468 _
elongation or linear creep strain, the reduction in area - = = 24,000
of the specimen diameter in the area of fracture, and a H :288 33888 %éé 33? 223 -
calculated equivalent stress to produce rupture in 100 50 000 5000 35 186 290 -
hours at 1,500°F. The temperature of 1,500°F. was se- 2000 5.000 40 212 200 —
lected because it would enable comparison with other 1 100 0000 118 178 289 22,500
alloys which are candidates for use in applications - 1600 0000 354 (16 149 —
which require low expansion. 2000 5,000 9.0 6.6 11.3 —
Table VI tabulates creep rupture test results for 55 20000 5000 117 46 112 23900
notched specimens. Time to rupture in hours at 13 1600 20000 208 13.5 324 et
1,600°F. under stress of 22,000 psi is given for a num- 1600 20,000 242 180 33.1 —
ber of example alloys. zggg 2383 3-3 1%-2 iﬁ(‘) -
FIG. 4 represents a plot of 100 hour creep rupture o o o 23000
life as temperature versus stress for a number of exam- 60 14 1600 20000 962 8.4 173 —
ple alloys. In FIG. 4, curves 1, 2 and 3, respectively, 5883 3‘:838 1%42 Zg (7)2 -
represent example alloys 4, 6 and 14. 3000 5000 375 50 67 -
- _ - - - 27,500
TABLE V 15 1600 20000  69.9 19.8 38.3 —_
Creep-Rupture Properties 65 1600 20,000 441 171 270 —
Test Conditions 2000 5,000 94 113 240 —
Example Temp.  Stress, Life. 1500°F 100 Hr. 2000 5,000 19 162 271 —
Alloy °F. psi Hrs. % EL %  Rupture Stress — - — — — 24,500
RA

| 1600 20000 8.6 19.0 331 —
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TABLE VI
Notch-Rupture Properties

Example Test Conditions Notch Fuctor

Alloy Temp. °F, Stress, psi Kt Life,Hrs.

7 1600 20,000 3 49.6
1600 20,000 3s 3500 (1)

8 1600 20,000 35 209.7
1600 20,000 3.5 250.0

11 1600 20,000 35 76.5
1600 20,000 35 92.8

12 1600 20,000 35 23.6
1600 20,000 35 193.8

13 1600 20,000 is 45.7
1600 20,000 35 141.8

14 (2) 1600 20,000 s 112.2
1600 20,000 35 258.8

14 (3) 1600 20,000 35 356.8
1600 20,000 35 592.5

{1) No failure, Test discontinued

{2} As-cast Data
(3) Heat treated: 215(°F. for | hour, air cooled, 16(0°F. for 24 hour und air
cooled,

Example alloys 1 and 2 represent additions of rela-
tively large percentages of carbon to ternary nickel-
chromium-molybdenum alloys that would show, absent
the relatively large amount of carbon, microstructural
instability. Structurally, these alloys consist of primary
metallic dendrites and primary “herring bone” eutectic
chromium-molybdenum carbides. Example alloys 1
and 2 exhibited Rockwell hardness numbers C-scale,
(Rc) of 33 and 42 respectively. Example alloy 2
showed a slight softening to Rc 38 upon aging. Rupture
strength of both alloys is relatively low, but approaches
that of cast cobalt-base superalloys.

Increasing chromium content of nickel base alloys
generally results in a lowering of elevated temperature
strength. However, as shown by the data in Table V
with respect to example alloys 3, 4, 5, and 6, increasing
chromium content while simultaneously adding rela-
tively large percentages of carbon and boron results in
sharp increases in strength. In the case of example alloy
6, the stress to produce rupture in 100 hours at 1,500°F
is more than doubled in comparison to example alloys
1 and 2. Of course, this is an unusually large and unex-
pected increase in strength. By comparing FIGS. 2 and
4 it may be seen that the level of strength of example
alloy 6 is approximately 10 percent above that of com-
mercial alloy E. Alloy E is one of the strongest cobalt
base alloys which has been developed.

Example alloy 4 not only has good strength, it pos-
sesses a Jower mean coefficient of thermal expansion
from 80°F. to 1,600°F. than any other known nickel-
base alloy. The surprisingly low mean coefficient of
thermal expansion of example alloy 4 from 80°F to
1,600°F. is shown in Table IV. A comparison of this
data with the curves of FIG. 1 illustrates the low degree
of thermal expansion of example alloy 4 compared to
various commercially available superalloys.

Example alloys 4 and 6, respectively, show a weight
loss of 50.4 and 48.1 mg/cm? and surface recession
rates of 0.0035 and 0.002 inches in 300 hours in the
sulfidization test. This represents excellent resistance
to the severe test conditions employed and demon-
strates that these alloys may be categorized as hot cor-
rosion resistant.

Despite the fact that example alloy 6 showed a re-
markable increase in strength, example alloy 4 may be
the more attractive material for certain types of use.
The very low expansivity combined with excellent hot
corrosion resistance and moderate strength makes ex-
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10
ample alloy 4 very attractive for fabricating compo-
nents which require a very low degree of thermal ex-
pansion at elevated temperatures. Compositional modi-
fications around example alloys 4 and 6 resulted in
some strength improvement over alloy 4, in example
alloy 14, but at some sacrifice in expansion properties.

In producing the alloys of the present invention, and
objects prepared from the alloys of the present inven-
tion, no special skills or techniques are required other
than normal conventional foundry practice. The alloys
may be readily cast in sand, shell, or investment molds
and melted and cast in air or under vacuum. Although
the alloys were developed for use in the cast condition,
several specific compositions within the ambit of the
present invention may be employed in wrought form if
produced by powder metallurgy techniques.

The alloys of the present invention may generally be
described as a class of nickel-base alloys possessing a
duplex structure consisting of a nickel-chromium-
molybdenum matrix and a semi-continuous network of
refractory carbides and borides. The alloy composi-
tions possess a combination of physical and mechanical
characteristics which have generally been considered
mutually exclusive.

Although the present invention has been described in
conjunction with preferred embodiments, it is to be un-
derstood that modifications and variations may be re-
sorted to without departing from the spirit and scope of
the invention. Such modifications are considered to be
within the purview and scope of the invention and ap-
pended claims.

What is claimed is:

1. A nickel base alloy having elevated temperature
strength, resistance to oxidation and hot corrosion, and
a low coefficient of thermal expansion, consisting es-
sentially of the following elements in the weight per-
cent ranges set forth:

ELEMENTS PERCENT
Chromium 24-42
Molybdenum 8-22

Carbon 0.15-1.2

Boron 0.04-0.7 {0-0.8)

the balance of the alloy being essentially nickel and
minor amounts of impurities and incidental elements
which do not detrimentally affect the basic characteris-
tics of the alloy, the carbon and boron being effective
to prevent the formation of deleterious embrittling pha-
ses through formation of chromium and molybdenum
borides and carbides.

2. The nickel base alloy of claim 1 wherein the car-
bon content is about 0.5 to about 1.2 percent by
weight.

3. A component for use in a gas turbine engine
formed of the alloy of claim 1.

4. A hard facing welding rod formed of the alloy of
claim 1. .

5. The alloy of claim 1 which contains, on a weight
basis, about 28 to about 42% chromium, and about 12
to about 20% molybdenum.

6. The alloy of claim 5 which contains, on a weight
basis, about 16 to about 20 percent molybdenum and
about 0.2% to about 0.7% boron.

7. A component for use in a gas turbine engine
formed of the alloy of claim §.
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8. A component for use in a gas turbine engine
formed of the alloy of claim 6.

9. A hard facing welding rod formed of the alloy of
claim 5.

10. A nickel base alloy having elevated temperature
strength, resistance to oxidation and hot corrosion, and
a low coefficient of thermal expansion consisting essen-
tially of the following elements and the weight percent-
age ranges set forth:

ELEMENTS PERCENT
Chromium 38-42
Molybdenum 12-16
Carbon 0.5-1.2
Boron 0.2-0.7

the balance of the alloy being essentially nickel and
minor amounts of impurties and incidental elements

which do not detrimentally affect the basic characteris- ,

tics of the alloy, the carbon and boron being effective
to prevent the formation of deleterious embrittling pha-
ses through formation of chromium and molybdenum
borides and carbides.

11. A component for use in a gas turbine engine
formed of the alloy of claim 10.
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12. A nickel base alloy having elevated temperature
strength, resistance to oxidation and hot corrosion, and
a low coefficient of thermal expansion consisting essen-
tially of the following elements in the weight percent-
age ranges set forth:

ELEMENTS PERCENT
Chromium 33-37
Molybdenum 16-20
Carbon 0.3-1.2
Boron 0.15-0.5

the balance of the alloy being essentially nickel and
minor amounts of impurities and incidental elements
which do not detrimentally affect the basic characteris-
tics of the alloy, the carbon and boron being effective
to prevent the formation of deleterious embrittling pha-
ses through formation of chromium and molybdenum
borides and carbides.

13. A component for use in a gas turbine engine
formed of the alloy of claim 12.

14. The alloy of claim 1 which contains not more

than 0.2% titanium.
* * L3 * *
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