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3 Claims. (C. 75-174) 
This invention relates to titanium-niobium-base alloys, 

particularly titanium rich and intermediate alloys con 
taining up to 70 percent niobium. 

This application is a continuation-in-part of our appli 
cation Serial No. 575,937, filed April 4, 1956, now aban 
doned. 
The binary titanium-niobium equilibrium diagram 

shows a beta-isomorphous system with a limited solu 
bility of niobium in alpha titanium and a rather extensive 
alpha-beta field. At 1100 F., about 3 percent niobium 
can be dissolved in alpha, while the alpha-beta field ex 
tends from about 3 to 35 percent niobium. On quench 
ing from the beta field, beta is completely retained at 36 
percent niobium and above. The addition of a third 
element to Ti-Nb-base compositions provides further use 
ful alloys. 

It is an objective of this invention, therefore, to pro 
vide new and valuable titanium-niobium-base ternary al 
loys. 

Still another object of this invention is to provide 
ternary alloys of titanium and niobium, and of titanium 
niobium-base compositions, whereby valuable properties 
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base ternary alloys containing up to 70 percent niobium, 
up to 45 percent of an alloying addition, balance titanium. 
Specific alloying elements of interest include vanadium, 
tantalum, and zirconium. v 

Binary alloys of titanium and niobium have been pre 
pared by melting in an inert tungsten-electrode arc fur 
nace under a static argon partial pressure of 15 to 20 
centimeters of mercury. Alloy compositions of 1.5 per 
cent, 3 percent, 10 percent, 15 percent, 20 percent, 25 
percent, 30 percent, 35 percent, 40 percent, 50 percent, 
60 percent, and 70 percent niobium, balance essentially 
all titanium have been prepared. Except for some spat 
tering during the melting of the 60 percent and 70 percent 
niobium alloys, no difficulties have been encountered in 
preparing these compositions. Alloy specimens contain 
ing up to 70 percent niobium have been forged in air 
to a %-inch-square cross section. The forged ingots have 
been rolled in air at 1500 F. to approximately 0.040-inch 
sheet, using 10 percent reduction per pass. The alloys 
may then be given an annealing or stabilizing treatment. 
Ternary titanium-niobium-base alloys have also been 

prepared by melting in an inert tungsten-electrode arc 
furnace under a static argon partial pressure of 15 to 20 
centimeters. Table I lists mechanical properties of 
Some ternary alpha-beta-type alloys. Data for binary 
Ti-10Nb and Ti-15Nb compositions are included for 
comparison. The worked ternary alloys were all in the 
equilibrated-and-stabilized condition, i.e., held /2 hour 
at 1300 F., furnace cooled to 1100 F., held 1 hour and 
air-cooled. 

Table I.-Mechanical Properties of Ti-Nb-Base Ternary 

Wickers hardness 

Alpha-Beta Alloys 

Yield strength, p.S.i. Elongation, per 
Composition. Number 10-kg. load . Tensile cent in 1-inch Reduc- Bend 

Weight percent strength amom-m-m- tion in duc 
(balance Ti) (p.S.i.) area, tility 

As-cast Wrought 0.1% offset 0.2% offset, Eli Total percent 
Oil 

10 Nb---------- 205 19. 71,000 54,000 58,000 O 8 47 O 
5.Nb----- 242 197 74,000 54,000 60,000 8 3 33 O 
(Nb-5W 299 228 88,000 77,000 81,000 5 7 28 O 
10 No-5Ta- 233 207 8,000 65,000 70,000 6 O 32 0 
10Nb-52r. 230 25 98,000 77, COO 82,000 5 O 23 0.5 

of heat-treatability and useful strength-ductility relation- An investigation of the aging properties of the alpha 
ships may be obtained and/or combined. 
Yet another object of this invention is to provide ef 

fective titanium-niobium-base ternary compositions, with 
tantalum, zirconium, or vanadium as the third compo 
ne. 
Other cbjects and advantages of the present invention 

will be apparent from the following examples and de 
tailed descriptions thereof. 

in general, this invention relates to titanium-niobium 

60 

beta alloys has shown that alloys containing 10 percent 
niobium and 5 percent of another beta-stabilizing element 
have very high aging responses. In this investigation 
the ternary alpha-beta alloys were quenched from 1250 
F. and 1550 F. and then aged at 800 F. for periods of 
time up to 16 hours. Alloys containing vanadium harden 
appreciably on quenching from either 1250 F. or 1550 
F. Table I below shows the results of the aging studies 
in terms of hardness. 
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Table II.-Aging Response of Ternary Ti-Nb-Base 
Alpha-Beta Alloys Aged at 800 F. 

Quench 
Aging 5 

Alloy weight percent addition time, 
hours WHN (10- WHN (10 

kg.) a kg.)b 

Ti-10 Nb-5 V----------------- 0 317 239 
4. 333 262 

317 306 0 
2 309 333 
4. 319 319 
16 260 354 

Ti-10 Nb-5 Ta--------------- O 236 215 
4. 254 210 

260 215 
2 245 225 
4. 254 5, 15 
6 235 228 

Ti-10 Nb-5 Zr----------------. O 240 240 
34 25. 249 

242 276 
2 233 236 
4 242 249 
16 230 260 20 

Specimens held at 1,250°F. for 4 hours and water quenched prior to 
aging, 

b Specimens held at 1,550°F. for 1 hour and water quenched prior to 
agling. 

These investigations indicate the value of alpha-beta- 25 
type alloys containing from about 3 percent to about 
30 percent niobium, from about 1 percent to about 10 
percent of at least one of the alloying elements zirconium, 
tantalum, vanadium, balance essentially titanium. The 
data illustrate the useful properties of this alloy system. 30 

In addition to the alpha-beta-type alloys discussed 
above, it has been found that titanium-niobium-base 
ternary alloys of the beta type possess valuable proper 
ties and useful characteristics. Table II below lists the 
mechanical properties of these Ti-Nb-base ternary 35 
alloys. 

4. 
they do at the lower temperatures. Thus, they provide 
useful high temperature alloys. Additions of from about 
5 percent to about 45 percent of the elements to titanium 
niobium alloys containing 30 to 70 percent niobium are 
beneficial. Outstanding hot hardness properties are ob 
tained by adding 30 to 40 percent of vanadium or zir 
conium to titanium-niobium alloys containing about 40 
to 60 percent niobium. 

Other alloy systems disclosed possess extremely valu 
able properties. For example T-50Nb-base alloys con 
taining vanadium and zirconium have excellent room 
temperature ductility, very good uniform elongation, and 
improved strength at 1650 F. It is clear also that com 
plex alloys containing combinations of the individual al 
loying elements will possess equally important and worth 
while properties. 

Table IV.-Hot Hardness of Ti-Nb Base Alloys 

Hardness, a DPH, kg.fmm.9, attemper 
Composition, weight per- ature F. indicated 

cent (balance Ti) 
75 930 1290 1,650 

50Nb------------------------ 138 94 40 19 
60 Nb- 146 107 66 40 
70 Nb. i59 96 79 58 
50Nb-5 W. 64 177 78 37 
50 No-10 B------ 199 162 100 42 
50 Nb-20 W--------- 272 217 139 74 
50 Nb-30 W- 283 229 194 41 
50 Nb-40 W- 304 282 242 78 
50 Nb-5 Ta- 140 83 46 25 
50 Nb-0 a. 149 87 52 27 
50 Nb-20 Ta 179 152 13 99 
50 Nb-10 Zr 167 149 89 47 
50 Nb-20 Zr- 209 179 119 70 
50 Nb-30 Zr. 249 198 149 121 

a Elevated-temperature tests were conducted in a vacuum of less than 
5 microns, using a load of 730 grams and an indentation time of 10 seconds 

Table III-Mechanical Properties of Ti-Nb-Base 
Ternary Beta Alloys 

Wickers hardness Yield stregnth, p.S.i. Elongation, per-Reduc 
Composition number 10-kg. load Tensile cent in 1 inch tion in Bend 

weight percent strength - - area, duetil 
(balance Ti) (p.S.i.) per- ity 

As-cast Wroughta 0.1% Offset 0.2%. Offset Uniform Total cent 

50Nb----------- 153 38 58,000 58,000 58,000 0. O 51 O 
50 Nb-5 W------- 61 164 72,000 72,000 72,000 10 -------- 47 0. 
50 Nb-10 W----- 29 199 83,000 80,000 80,000 13 17 42 0 
50 Nb-20 W----- 266 272 106,000 98,000 98,000 13 8 40 0. 
50 Nb-30W.--- 249 283 126,000 118,000 19,000 13 7 48 0. 
50 Nb-40 W---- 285 304 141,000 134,000 135,000 3 3 8 ... O 
50 Nb-50 W----- 360 390 
50 Nb-5 Ta------ 77 140 
50Nb-10 Tal- 1S 49 
50 Nb-20 Ta.---- 202 79 
50 Nb-30 a.-- 2O7 206 
50 Nb-40 Ta-...-- 206 224 
50Nb-50 Ta----- 69 233 
50 Nb-10 Zr----- 25 167 780,000 
50 Nb-20 Zr----- 245 209 100,000 
50 Nb-30Zr. 262 249 114,000 
50 Nb-40 Zr.---- 268 276 ------------------------ 
50 Nb-50Zr. 272 272 ------------------------ 

8 Samples held 2 hours at 1,450°F, and water quenched. 

Mechanical-property data for the Ti-50Nb binary 
composition are included in the table for purposes of 
comparison. It should be noted that the ternary addi 
tions strengthened the base material. These alloys also 
show considerable increase in uniform elongation over 
the binary 50 percent niobium composition. 

Hot-hardness data for the alloys are presented in Table 
IV. Values are tabulated for 75 F., 930 F., 1290 F., 
and 1650 F. 
At 930 F. and 1290 F. vanadium gives the most ef 

fective strengthening per unit ternary addition, followed 
in order by zirconium and tantalum. However at 1650 
F. the order is zirconium, Vanadium and tantalum. At 
20 percent addition and above, the ternary additions 
vanadium, zirconium, and tantalum Strengthen much 

(65 

70 

The data in Table V below show the results of tests to 
determine the resistance of the Ti-Nb base ternary alloys 
to oxidation in a static atmosphere at elevated tempera 
tures. Specimens used in obtaining these data were about 
0.25 x 0.50 x 0.04 inch and were prepared as follows: 
Each specimen was carefully finished on 400-grit paper, 
cleaned in a solvent, weighed and measured. Each speci 
men was then placed on a small ceramic ring and set in 
side a crucible cover. A second, larger ceramic ring was 
then placed around each specimen to insure retention of 
any spattered scale. 

Each specimen assembly, prepared as described above, 
was placed on a firebrick and, thus supported, inserted 
into a furnace which had been brought up to the test 
temperature. The specimens were in this manner ex 

more, proportionately, at the higher temperatures than 75 posed to air oxidation for periods of 16 hours at test tem 
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peratures of 1400° F. and 1800 F. After exposure for 
the prescribed time, the treated specimens were covered 
with a second crucible cover and cooled. In this way, the 
loss of oxidation products during the cooling period was 
avoided. 

After the specimens had been cooled, they were each 
weighed to determine the weight gain of each specimen. 
From this, the weight increase per unit original area was 
computed for each specimen. The samples were then 
brushed with a wire brush to remove loose scale, and the 
percentage of original sample remaining was then deter 
mined. In many cases the scale proved to be tightly ad 
herent and could not be removed entirely, which accounts 
for the fact that values greater than 100 are reported in 
several instances under "percent of original sample re 
maining.” The samples were then sectioned centrally, 
mounted in Bakelite, polished, and etched for microexami 
nation. The thickness of unaffected base material was 
measured by means of a calibrated movable stage. Final 
ly, hardness readings were taken in the center of the cross 
section. Values obtained in accordance with the pro 
cedures described above were as follows: 

O 

5 

6 
siles, for jet engine parts and for such specific uses as 
leading edge wing sections of high speed aircraft for upper 
atmosphere operation. 
New and useful alloys of titanium and niobium and 

of titanium-niobium-base alloys having been described 
and characterized, it is desired to further define the in 
vention according to the following claims. 
What is claimed is: 
1. Titanium-niobium alloys consisting of from about 40 

percent to about 60 percent niobium, from about 30 per 
cent to about 40 percent vanadium, balance titanium, 
said alloys being characterized by good hot hardness 
properties. 

2. Titanium-niobium alloys consisting of from about 40 
percent to about 60 percent niobium, from about 30 per 
cent to about 40 percent zirconium, balance titanium, said 
alloys being characterized by good hot hardness properties, 

3. Titanium-niobium-base alloys of the beta-phase type 
consisting of from about 30 percent to about 70 percent 
niobium, from about 30 percent to about 40 percent of an 
element from the group consisting of vanadium, zirconium, 
and tantalum, balance titanium. 

Table V-Resistance of Ti-Nb Base Alloys to Oxidation 
in a Static Atmosphere 

16 hours at 1,400° E. 16 hours at 1,800° F. 
Composition Original 

weight Wickers Weight Penetra- Percent Weight Penetra- Percent 
percent hardness increase tion of of Vickers increase tion of of Wickers 

(balance Ti) (10-kg. per unit contami- original hardness per unit contani- original hardness 
load) original lant per sample (10-kg. original nant per Sample (10-kg. 

area, mg.f side, remain- load) area, Ing...I side, remain- load) 
SC. CI. inch ing Sq., em. inch ing 

38 2.58 0.0063 0. 2O2 78.7. Total 18 
46 3.54 C. 0063 55 6.5 Total 46 
1.59 6,96 0, 0.052 97 56 92.4 Total 16 

50Nb-5 W. 164 3.90 0.0065 101 18O 52.9 Total O 
50 Nb-OW- 99 7.20 0.0057 03 25 72.6 Total O 
50Nb-20 W 272 14.17 0.0040 03 26.9 Total O 
50 No.30 W 283 172.6 Total O 71.0 Total O 
50 Nb-40 W. 304 08.4 Total 08.5 Total O 
50 N)-5 Ta---- 140 2.86 0.0053 O 63.4 Total 37 
5ONb-10 Ta- 149 3.25 0.060 01. 62. 6 Total 57 
50Nb-20 Tal- 179 4.67 O.OO40 O 65.2 Total 29 
50N)-102.r.--- 167 43 0.0033 02 72.0 Total O 
50Nb-20 Zr---- 209 7. 44 0.0068 98 69.9 Total 
50Nb-30Zr.-- 249 12.1 Total O 3.0 total O 

From the values listed above it is apparent that 16 References Cited in the file of this patent 
hours' exposure at 1400 F. had no unduly severe effects UNITED STATES PATENTS 
on most of the alloys. Except for the Ti-50 Nb-20 Zr 
alloy, which flaked slightly, a tightly adherent scale was 2,754,204 Jaffee et al. -------------- July 10, 1956 
formed on all the specimens. As has been noted above, 50 2,797,996 Jaffee et al. ------------- July 2, 1957 
this scale could not always be entirely removed by a Wire 2,822,268 Hix -------------------- Feb. 4, 1958 
brush, and consequently many of the values for 'percent 
of original sample remaining” are in excess of 100. FOREIGN PATENTS 
The alloys of this invention will find many applications. 718,822 Germany -------------- Mar. 24, 1942 

They are particularly useful for structural members for 55 782,564 Great Britain ---------- Sept. 11, 1957 
high temperature applications. They are useful for mis 
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