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' The present invention relates to a matrix-‘stiffened 
nickel-chromium alloy and, more particularly, to such a 
matrix-stiffened alloy having a high combination [of me 
chanical properties over a wide range of temperature and 
having high resistance to rupture and stress at elevated 
temperature. ' 

It is well'known that alloys which are required to with 
stand the combined effects of stress and elevated tempera 
ture over extended periods of time should have a stable 
microstructure which does not suffer decomposition and/ or 
other destructive effects as a result of the prolonged ex 
posure to stress at elevated temperature. It is also well 
known that alloys required for such service should be 
free from weld cracking resulting from post Weld heat 
treatments. The art has endeavored to provide alloys 
for service under the Boiler Code but up to the present 
time they alloys available for such service are greatly re 
stricted in properties and are generally unsatisfactory from 
the standpoint‘ of the designer. Thus, it is known that, 
under the Boiler Code, alloys for service at elevated tem 
peratures up to about 1500° F. should have a high yield 
strength, a high tensile strength, together with'high creep 
strength, and high rupture strength in the softened and 
annealed condition. Furthermore, it is preferred that 
such alloys be essentially non-age hardenable. Although 
many attempts were made to overcome the foregoing 
difficulties and other 'dit?culties, none, as far as we are 
aware, was entirely successful when carried into‘ practice 
commercially on an industrial scale. 

It has now been discovered that a nickel-chromium 
base ‘alloy containing a special combination of ingredients 
in limited ranges provides an enhanced combination of 
properties not only at room temperature but at elevated 
temperatures up to about 1500° F. and freedom from 

' weld cracking. 
It is an object of the present invention to provide a 

nickel-chromium alloy particularly adapted‘ for service 
under applications covered by the Boiler Code. , 
Another object of the invention is to provide a matrix 

stitfened nickel-chromium alloy having a high combi 
nation of properties at room temperature and at elevated 
temperatures up to about 1500° F. 
The invention also contemplates providing a matrix 

stilfened nickel-chromium base alloy which is readily 
weldable and which is free from weld cracking. 

Other objects and advantages will become apparent 
from the following description. . 

Generally speaking, the present invention relates to a 
matrix-stiffened nickel-base alloy having high strength 
at temperatures up to about 1500” F. comprising about 
55% to 62% nickel, about 7% to 11% molybdenum, 
about 3% to 4.5% columbium, about 20% to 24% 
chromium, up to about 8% tungsten, not more than about 
0.1% carbon, e.g., up to about 0.05% carbon, up to 
about 0.5% silicon, up to about 0.5 % manganese, up to 
about 0.015% boron, not more than 0.4% of deoxidiz 
ing elements from the group consisting of aluminum and 
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2 
titanium, and the balance essentially iron, with the iron 
content not exceeding about 20%of the alloy. Alloys 
in accordance with the invention are characterized by a 
room temperature yield strength (0.2% set) of at least" 
about 60,000 psi. vand by a rupture life at 1200“ F. and 
70,000 p.s.i. of at least about 100' hours. A particularly 
advantageous composition contemplated in accordance" 
with the invention contains about 60% nickel, about 22% 
chromium, about 9% molybdenum, about4% columbium, 
about 0.2% aluminum, about 0.15% titanium, about 
0.03% carbon and the balance essentially iron. 7 

Alloys within the invention are essentially non-age 
hardenable, i.e., the alloys will not increase in yield 
strength more than about 20,000 pounds per square inch 
when subjected to a heat treatment at temperatures in the 
range of about 1100” F. to 1300° F. as compared to the 
yield strength ‘developed in the ‘annealed condition. In 
addition, alloys within the invention will withstand pro 
longed exposure to loads at high temperatures without 
any appreciable loss in load-carrying ability. ' 

Nickel in the alloys provided in accordance with the 
invention is very important and is maintained within ‘the 
range of about 55% to 62% in order to impart rupture 

.strength to the alloy. Columbium also plays a very 
important role in contributing rupture strength and room 
temperature yield strength to the alloy. 4 Chromium and 
molybdenum also contribute importantly tov the strength 
of the alloy and, in combination with the other neces 
sary ingredients therein, provide the high tensile properties 
which characterize the special alloy provided in accord 
ance with the invention. ‘ 

chromium content of the alloy, the more molybdenum 
should be used to insure that high tensile properties will 
be obtained. When tungsten is present in the alloy, it 
contributes to the room-temperature strength and to the ' 
rupture strength of'the alloy. . 

' It is important that alloys produced in accordance with 
the invention be thoroughly deoxidized. Usual deoxida 
tion procedures known to those skilled in the art may be. 
employed in producing the alloys but it is advantageous 
to employ a combination of aluminum and titanium for 
deoxidation purposes. When these metals are employed " 
to deoxidize the alloys, at least about 0.02% of aluminum 
and at least about 0.02% of titanium are necessary to 
produce a malleable alloy. However, the total content of 
aluminum plus titanium, depending on the nickel and 
columbium content, should not exceed about 0.4% as . 
otherwise the alloys tend to become age hardenable. 
Boron in amounts of about 0.005% and up to about 
0.015%, may be employed in the alloy although boron’ 
appears to reduce the hot malleability of the alloy.v It 
appears that magnesium in residual amounts of about ‘i 
0.02% to about 0.05% contributes in an important man 
ner to development of hot malleability in the alloys pro 
vided in accordance with the invention. Alloys produced 
in accordance with the invention'advantageously have a 
low carbon content not exceeding about 0.1% carbon. 
The alloys may also contain silicon up to about 0.5%, 
e.g., about 0.1% to about 0.5%, and manganese up to 
about 0.5%, e.g., about 0.1% to about 0.5%. It is im 
portant that the silicon and manganese contents of the 
alloys not exceed the foregoing maxima as otherwise the 
high temperature strength of the alloys is detrimentally 
affected. Other minor elements and impurities suchas 
sulfur, copper, phosphorus (0.025% maximum) and V 

In ' general, the lower the' 
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nitrogen (0.03% maximum) may be present in the ag 
gregate in amounts of up to about 0.1% without detri 
ment to mechanical properties or malleability. It isrirn 
portant that the sulfur content be below 0.02%. Copperv 
may be present in the alloysin an amount up to about 
0.1%, e.g., about 0.01% to about 0.1%. 

In order to give those skilled in the art a better under 
standing of the invention, the compositions of alloys con 
templated in accordance with the invention are set forth 
in the following Table I: 

‘ Table I 

Per- Per~ Per- Per- Per- Per- Per- Per- Per- Per--_ 
Alloy No. cent cont cent cent cent ecnt cent cent cent cent 

0 Mn Si‘ Fe Ni Cr Al Ti Mo Cb 

Bal. 57.46 21.68 0.23 015 9.10 4.30 
1.92 Bal. 21.41 0.20 0 13 8.83 4.27 
3130‘ Bal. 21.44 0.10 0.20 8.99 4.19 

*Alloy 2 also contained ‘5.32% tungsten; 
Norm-The alloys in Table I also contained about 0.003% to 0.009% 

sulfur, about 0.03% copper and about.0.025% magnesium resulting from 
an addition of about'0.05% magnesium to the respective melts. 

Metal taken from melts of the foregoing alloys was 
forged to provide about 98% reduction from the ingot 
form and the forgings were annealed at 1900° F. for one 
hour. The tensile properties thereof at room temperature 
were determined‘with the resultsset forth in the follow 
ing Table II: 

Table II 

Yield Tensile Reduction 
Alloy No. strength, strength, Elong., in area, 

p.s.i. (0.2% p.s.i. percent percent 
set) 

1 ___________________ __ 73,300 ' 11.46, 500 40 47 
2 ___________________ __ 92, 000 168, 000 31 I 27 
3 ___________________ __ 75, 200 150, 500 37 / 51' 

It is to be noted that the properties given in Table II 
were obtained on annealed alloys. It will be'understood 
that much higher tensile properties are developed in al 
loys of the invention in the as-forged condition attendant 
upon the hot-cold working effect of forging. 

Stress-rupture tests were conducted on the forged, an 
nealed (1900° F. for one hour) metal with the results set 
forth in the following Table III: ' 

Table III’ 

' Test Conditions Reduc 
Life, Elong., ' tien in 

Alloy No. '. Hours percent area, 
Temp, Stress, percent 

‘’ F. p.s.i. ' 

1, 200 - 70, 000 200 26 30 
1 1, 300 50, 000 66 64 . 56 
""""""""" " 1, 400 30, 000 53 . 71 75 

1, 500 ' 12, 500 103 91 80 
, 1, 200 70, 000 420‘ 22 33 

2 , 1,300 50,000 ' 131‘ 43 58 
"""""""""" " . 1, 400 ' 30,000 18 66 71 

1, 500 12, 500 241 42 84 
. 1, 200 70, 000 268 14 20 

3 1,300 50, 000 '104 37 42 
""""""""" “ 1, 400 30,000 83 56 56 

. 1,‘ 500 12, 500 221 83 77 

From the foregoing, it is to be seen that alloys within the ‘ 
. invention have: high‘ stress-rupture life. Thus, alloy No. 
lexliibited a l00-hour stress-rupture life at 1400° F. in 
the annealed condition at a stress of about 23,000 p.s.i., 
whereas a 26% chromium-20% nickel casting alloy pres 
ently employedlin elevated‘temperature service exhibited ‘ 

'70 a stress-rupture life of 100hours at 1400" F. at a stress of 
only about l5;000 p.s.i. Furthermore, alloys within the 
invention will retain their ductility after long-time ex 
posure. to stress and temperature. ' ' ‘ 

In‘, order to illustrate vthe highly important effect of 
nickel upon the properties of the alloy provided in ac 
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4 
cordance with the invention, an alloy outside the invention 
and containing 50.8% nickel, 21.76% chromium, 9.07% 
molybdenum, 4.37% columbium ‘and the balance essen 
tially iron was produced. In the annealed condition, this 
alloy had a room temperature yield strength‘ of 66,500 
pounds per square inch. However, when subjected to a 
rupture test at 1200° F. and 70,000 pounds per square 
inch, the alloy had a life of only '33 hours. On the other 
hand, as pointed out hereinbefore, alloy No. 1, which 
contained about 57% nickel and was otherwise similar 
in composition, had the much higher rupture life of 206 
hours under the same conditions. As a further demon 
stration of the disadvantageous properties encountered‘ 
in alloys outside the invention, an alloy outside the in 
vention containing 0.04%, carbon, 0.15% manganese, 
17.1% iron, 21.4% chromium, 0.6% aluminum, 0.67% 
titanium, 1.2% columbium, 5.1% molybdenum, and the 
balance essentially nickel was produced. This alloy age 
hardened strongly but had a-yield strength at room tem 
perature of only 49,500 p.s.i., together with. a tensile 
strength of 113,000 p.s.i., an elongation of 47%. and a 

anneal. When subjected to a stress-rupture-test in‘ the 
annealed and agedvconditioni (1900 °' F. for one hour fol 
lowed by a water quench and an. aging treatment of 
1250° F. for 16 hours)v the alloy provided a‘ life to-rup-' 
ture of only 64.1 hours with an elongation of 16% under‘ 

Aswill bev test conditions of 1200° F. and 70,000 p.s.i. 
seen from other data presented hereinbefore, the essen 
tiallynon-age hardenable alloys'withinthe invention are‘ 
stronger in the annealed condition than this age-harden 
able alloy outside the invention. / 
While the properties given‘ hereinbefore for alloys 

within the invention were obtained upon wrought prod 
ucts, it is to be understood that castings made of alloys 
within the invention also have very useful strength prop 
erties, particularly at elevated temperatures. In-produc‘ 
ing castings from alloys-of the invention, the carbon con 
tent can usefully be at slightly higher levels in the carbon 
range up to about 0.2% than that‘which is more advan 
tageously employed'for wrought alloys. 

It is to be understood that‘ when the term “columbium” 
is used herein, pure columbium and columbium contain 
ing, tantalum in the amount of up to about 1/7'by weight 
of the columbium are'included, since,- as those skilled in» 
the art know,rcommercial grades of columbiurnusually 
contain a small proportion of tantalum. _ 

Alloys provided in accordance with the invention may 
be welded by conventional means, such as arc welding 
techniques (including inert-gas, shielded-arc welding with 
either a tungsten electrode or a consumable electrode), 
the gas welding technique, etc. 
in the alloy provided in accordance with‘ the invention 
need not be annealed after welding‘ to restore mechanical 
properties, to avoid impairment of corrosion resistance 
in the heat-affected areas, etc. The alloys are‘ readily 
wrought using conventional'techniques such as forging, 
rolling, extrusion, etc., and may bev provided in’ any of 
the usual Vmill forms, including sheet, rod, tubing, strip, 
etc. The alloys described herein are particularly useful 
in the form of heavy weldable forgings such as those 
employed in steam plant service. _ Because of the high 
oxidation and corrosion resistance of the alloy, parts madev 
thereof are very useful in heat treating furnaces, as con 
veyor belts, rolls, heat treating boXesand baskets and 
in various forms required in ethylene furnaces, hydrogen 
reforming furnaces and the like. Thealloys are also very 
useful when fabricated into forms such. as “sandwich” 
sheet structures, weldments exposed to stress at' elevated 
temperatures, airframe components, aircraft and jet en 
gine parts including tail pipes, last stage compressor blad- , 
ing and the like, springs, machine components for cryo 
genie uses, etc. 7 
Although the present invention has been’ described in 

conjunction with preferred embodiments, it is to be under 

Weldments produced“ 
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stood that modi?cations and variations may be resorted 
to without departing from the spirit and scope of the in 
vention, as those skilled in the art will readily under 
stand. Such modi?cations and variations are considered 
to be within the purview and scope of the invention and 
appended claims. ' 

We claim: ‘ 

1. A nickel-base alloy containing about 21.44% to 
21.68% chromium, about 0.02% to 0.03% carbon, about 
0.11% to 0.12% manganese,about 0.04% to 0.11% sili 
con, about 8.83% to 9.10% molybdenum, up to 5.32% 
tungsten, about 4.19% to 4.30% columbium, deoxidizing 
amounts of aluminum. and titanium consisting of about 
0.16% to 0.23% aluminum and about 0.13% to 0.20% 
titanium, with the total content of aluminum and ti 
tanium not exceeding 0.38%, about 1.92% to about 6.89% 
iron, about 0.02% magnesium and the balance essentially 
nickel, said alloy being characterized by the ability to 
withstand prolonged exposure to load at high tempera 
tures without any appreciable loss in load-carrying ability 
‘and ductility, by a yield strength (0.2% ofr’set) at room 
temperature of at least about 73,000 pounds per square 
inch in the annealed condition and by a life to rupture 
of at least about 200 hours at 1200° F. and 70,000 
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pounds per square inch in the annealed condition together 
with an elongation of at least about 14% under these 
stress-rupture test conditions, and being further char 
acterized in that the yield strength'of the annealed alloy 
does not increase more than about 20,000 p.s.i. when sub 
jected to an aging heat treatment. 7 

2. A nickel-base alloy characterized in the annealed 
condition by high yield strength at room temperature 
and by high rupture strength at elevated temperatures 
which consists essentially of about, 60% nickel, about 
22%. chromium, about 9% molybdenum, about 3% to 
about 4.5% columbium, deoxidizing amounts of alu 
minum and titanium consisting of about 0.2% aluminum 
and about 0.15% titanium, about 0.03% carbon, and the 
balance essentially iron. ‘ ' 
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