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This invention relates to titanium-base alloys, and 
more speci?cally to quaternary and higher components, 
titanium-base alloys, containing as essential constituents, 
aluminum and iron together with one or more of the 
metals manganese, molybdenum and chromium. 
A broad range of analysis of alloys in accordance with 

the invention will contain from about 1 to 7.5% alumi 
num, about 1 to 5% iron, and about 1 to 20% in aggregate 
of metal of the group manganese, molybdenum and 
chromium, wherein the chromium may range up to 
about 12%, molybdenum up to about 8% and manganese 
up to about 6%. 
As shown by the test results presented below, the 

majority of the analyses within the aforesaid range, are 
sufficiently ductile to be rolled, forged or otherwise 
Wrought or fabricated. The relatively few analyses which 
are too brittle for such purposes, are useful in cast form. 
A preferred range of analysis for assuring adequate 

ductility for purposes aforesaid, together With high 
strength is that containing about 3 to 7.5% aluminum, 
about 1 to 5% iron and about 1 to 3% of metal of the 
group manganese, molybdenum and chromium. 

In the alloys of the invention, the presence of some 
carbon is desirable, for further enhancing the tensile 
properties, consistent with retention of adequate ductility, 
but the carbon should not exceed about 0.3%, about 
0.25% carbon being the preferred upper limit. 

In Patent No. 2,575,962, granted November 20, 1951, 
the present inventors have disclosed a group of ternary 
alloys of titanium, aluminum and iron, optionally con 
taining carbon up to about 0.25 %. The present inven 
tion contemplates additions to the ternary alloys of the 
aforesaid patent, of one or more of the metals manganese, 
molybdenum and chromium. The alloys of the present 
invention are an improvement over the ternary alloys of 
the aforesaid patent in several respects. The beta phase 
in these alloys is less subject to transformation to alpha 
or eutectoid decomposition than is the beta phase in the 
ternary alloys of the above-mentioned patent. Moreover, 
the presence of one or more of manganese, molybdenum 
and chromium, along with iron, permits the use as alloy 
ing constituents of the commercial complexes known as 
“ferro-chrome,” “term-manganese” and “ferro-molyb 
denum.” 

In the alloys of the invention, containing either or both 
chromium and molybdenum, manganese may be substia 
tuted in whole or in part for iron. Such alloys may con 
tain, in addition to about 1 to 7.5% aluminum, about 1 
to 16% of metal of the group chromium and molybdenum 
and about 1 to 6% of metal of the group iron and man 
ganese. 

Typical alloys in accordance with the invention, to 
gether with their mechanical properties are set forth in 
the following Table I: 
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Table I.—-'_l‘i—AZ-Fe base alloys with additions of 01, Mo and Mn 
ANNEALED CONDITION 

Composition Percent (Balance Gross- Ultimate 
Titanium) Section Strength 

HVieérers Bend '1‘ (1,000 
at ness . s. i. 

Al Cr Mo Fe Mn 0 p ) 

5 1. 25 __ 1. 25 __ -_ 310 1. 2 131 
5 1. 25 __ 1.25 __ 0 25 346 1. 5 150 
5 __ 1. 25 1.25 __ ._ 331 1. 4 126 
5 _ 1 25 1.25 __ 0.25 346 1.5 153 
5 __ __ 2.5 2. 5 __ 334 1.1 131 
5 ,_ __ 2. 5 2.5 0 25 376 1. 2 148 
5 8 8 1 __ __ 322 0 1130-145 
5 8 8 2 -- _- 352 0. 9 1 146160 
5 8 8 __ 2 328 0 1130-145 
5 8 8 __ 4 __ 342 0 1 135-155 
5 6 6 1 2 l_ 340 0.8 1 135-155 
5 6 6 2 4 ._ 353 Brittle 1 140-160 
5 8 8 1 2 __ 346 0. 4 1 140-155 
5 8 8 1. 5 3 l. 359 1. 7 1 145-160 
5 8 8 2 4 __ 412 Brittle 1 165-185 
5 9 3 1 2 ._ 338 0. 4 1 135-150 
5 9 3 2 4 __i 362 5. 4 1 145-165 
5 9 3 3 6 _- 395 Brittle 1 160-175 
5 l2 4 l 2 _ 356 1. 7 1 140-160 
5 12 4 2 4 _ 392 Brittle 1 155-175 
5 l0 __ 1 2 ._ 321 1.8 1130-145 

1 Tensile strength values converted from cross-section Vickers hardness 
values by multiplying by a factor of 400 to 450. Thus 200 Vickers X 400 
to 450 equals a tensile strength from 80,000 to 00,000 p. s. i. 

In the above Table I the test results are given for the 
alloys in the fully annealed condition. The alloys were 
produced by melt-casting. The titanium-base metal em 
ployed may be that of commercial purity, as produced, for ‘ 
example, by the magnesium reduction of titanium tetra 
chloride, or by other methods, or the iodide base material 
may be used. 
By way of comparing the mechanical properties of the 

quaternary and higher component alloys of the present 
invention, with the ternary alloys of the aforesaid patent, 
a ternary alloy containing 5% aluminum and 1% iron, 
has, in the fully annealed condition, an ultimate strength 
‘of 97,500 p. s. i., a surface hardness of 306 Vickers and 
an elongation of 17% . As shown by the data in the above 
table, the addition to this alloy of 8% chromium and 8% 
molybdenum, in accordance with the present invention, in 
creases the ultimate strength to 130,000 to 145,000 p. s. i., 
the hardness to 322 Vickers, the bend ductility being zero, 
thus to produce an alloy with greatly increased strength 
and ductility as compared to the ternary alloy aforesaid. 
Also as shown by the above table, the further addition of 
2% manganese to the 5Al--1Fe—-8Cr-—8Mo alloy afore 
said, increases the ultimate strength to 140,000 to 155,000 
p. s. i., the hardness to 346 Vickers, and the bend ductility 
to 0.4. Thus the strength is further increased with no 
substantial reduction in ductility. It will be seen, there 
fore, that the alloys of the present invention constitute a 
pronounced improvement over those of said patent. 

In the test results of the foregoing table, the alloys 
were tested in the annealed condition. .For the alloys 
with the combined contents of iron, chromium, manganese 
and molybdenum of 10% or less, the annealed condition 
was obtained by annealing 3% hours at 850° C. and slow 
cooling to room temperature. For the alloys with a 
combined content of iron, chromium, manganese and 
molybdenum totalling more than 10%, the annealed con 
dition was obtained by heating the alloys into the beta 
?eld at 900° C. and cooling rapidly therefrom. The alloys 
with a total of 10% or less combined beta-promoting ele 
ments are microstructurally mixed alpha-beta titanium 
base alloys, consisting predominantly of equiaxed grains 
of alpha titanium with beta titanium present as a grain 
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boundary constituent. The alloys with a total of more I 
than 10% combined beta-promoting elements are pre 
dominantly beta phase in structure. When carbon is 
present, and increases in amount, increasing amounts of 
titanium carbide appear. These alloys may be further 
strengthened by cold Working or by aging them after a 
high-temperature solution anneal. They may be rendered 
stable by annealing them at a sui?ciently low temperature 
to effect transformation of the unstable beta phase to 
alpha, leaving a structure of alpha and stable beta phases. 
The stability of these alloys so treated is such as to make 
them valuable for use as structural parts which in service 
are exposed to elevated temperatures, as from 300-5 00° 
C., such, for example, as components of high speed air 
craft and their power plants. 

This application is a continuation-in-part of our aban 
doned co-pending applications Serial No. 187,369, ?led 
September 28, 1950, and Serial Nos. 255,545 and 255,546, 
both ?led November 8, 1951. 
What is claimed is: 
1. An alloy containing: about 1—7.5% aluminum, about 

1-5% iron, a metal selected from the group consisting of 
manganese, molybdenum and chromium in the ranges 
1—6%, 1—8% and 1-12% respectively, up to 0.3% carbon, 
and the balance titanium. 

2. An alloy containing: about l—7.5% aluminum, 
iron and manganese from about 1% to 6% in aggregate, 
about l—l6% of metal selected from the group consisting 
of chromium and molybdenum, and the balance substan 
tially all titanium. 

3. An alloy containing: about 1-7.5% aluminum, about 
1-5% iron, about 1—12% chromium, up to 0.3% carbon, 
and the balance substantially titanium. 

4. An alloy containing: about 1—7.5% aluminum, about 
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1-5% iron, about 1-8% molybdenum, up to 0.3% carbon, 
and the balance substantially titanium. 

5. An alloy containing: about 1-7.5% aluminum, about 
1—5% iron, about 1—6% manganese, up to 0.3% carbon, 
and the balance substantially‘ titanium. 

6. An alloy consisting essentially of: 3~7.5% alumi 
num, 1—5% iron, 1-3% chromium, up to 0.3% carbon, 
balance titanium. 

7. An alloy consisting essentially of: 3—7.5% alumi 
num, 1—5% iron, 1-3% manganese, up to 0.3% carbon, 
balance titanium. 

8. An alloy consisting essentially of: 3—7.5% alumi 
num, 1-5% iron, 1—3% molybdenum, up to 0.3% carbon, 
balance titanium. 

9. An alloy consisting essentially of about 1%—7.5% 
aluminum, about 6%—12%- chromium, about 3%—8% 
molybdenum, about 1%—6% of metal selected from the 
group consisting of iron and manganese, and the balance 
titanium. 

10. An alloy containing about 1%—7.5% aluminum, 
about 1%—5% iron, about 1%—6'% manganese, a metal 
selected from the group- molybdenum and chromium‘ in 
the ranges 1%—8% and 1%‘—-12% respectively, the ag 
gregate of manganese and said- metal not exceeding about 
20%, up to about 03% carbon, and the balance substan 
tially titanium. 

11. An alloy consisting essentially of about; 1 to 7.5% 
aluminum, 1 to 5%‘ iron, 1 to- 20% of at least one element 
selected from the group consisting of manganese, molyb 
denum and chromium, but not to exceed about 6% of 
manganese, 8% of molybdenum and 12% of chromium 
up to 0.3% carbon, and the balance substantially titanium. 

' No references cited. 


