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Processing and Properties of Nb-Ti-Base Alloys 
V.K. Sikka, S. Viswanathan, and E.A. Loria 

The processing characteristics, tensile properties, and oxidation response  of  two  Nb-Ti-AI-Cr alloys were 
investigated. One creep  test  at 650 ~ and 172 M Pa  was  conducted  on the base alloy, which contained 
40Nh-40Ti-10AI-10Cr. A second alloy was modified with 0.11 at.% C and 0.07 at.% Y. Alloys were arc 
melted in a chamber backfiiled with argon, drop cast into a water-cooled copper mold, and cold rolled to 
obtain a 0 .8 -mm sheet .  The  sheet  was  annealed  at 1100 ~ for 0.5 h. Longi tudina l  tensi le  spec imens  and 
oxidation spec imens  were  obta ined  for both the base alloy and the modified alloy. Tensile  propert ies  were 
obtained for the base  al loy at room temperature, 400, 600, 700, 800, 900, and 1000 ~ and for the modified 
alloy at room temperature,  400, 600, 700, and 800 ~ Oxidation tests on the base a l loy  and modified alloy, 
as measured by weight  change ,  were carried out at 600,700, 800, and 900 ~ Both the base alloy and the 
modified alloy were extremely ductile and were cold rolled to the final sheet  th ickness  of 0.8 mm without  
an intermediate anneal .  The  modified alloy exhibited some edge cracking during cold rolling. Both alloys 
recrystallized at the end of a 0.5-h annealing treatment. The alloys exhibited moderate strength and oxi- 
dation resistance be low 600 ~ similar to the results of alloys reported in the literature. The addition of 
carbon produced almost no change in either the yield strength or ductility as measured by total e longa-  
tion. A small increase in the ultimate tensile strength and a c o r r e s p o n d i n g  decrease  in the reduction of 
area below 600 ~ were observed .  Carbon addition also served to marginally refine the grain s ize  after 
annealing. The results  of this study and those of similar alloys reported in the literature suggest  that  
40Nb-40Ti-10Al-10Cr forms a good base alloy suitable for alloying for improvement in its oxidation and 
high-temperature strength properties. 
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studying the possible improvement in oxidation resistance of 
the base alloy. Table 1 lists the base composition and the extent 
of carbon and yttrium additions. 

1. Introduction 

NIOBIUM alloys represent an attractive alternative to nickel- 
base alloys for high-temperature material components in jet en- 
gines, due to their combination of higher melting point, higher 
elevated temperature strength, and lower density, with the po- 
tential of increasing service temperatures by several hundred 
degrees. [ 1,21 Their main drawback is their poor oxidation resis- 
tance at temperatures above 600 ~ f2] The use of silicide coat- 
ings allows oxidation resistance up to 1400 ~ [3] However, the 
risk of rapid failure upon the loss of coating integrity remains 
an important issue in their use. [4] 

The addition of titanium to niobium alloys improves their 
oxidation resistance while simultaneously reducing their den- 
sity.[ 1] The addition of titanium also allows further additions of 
aluminum and chromium, due to their extensive solid solubility 
in titanium, resulting in further improvements to oxidation re- 
sistance. [1] A recent study [1'2] evaluated the tensile properties 
and oxidation behavior of a series of arc melted and cast Nb-Ti- 
A1-Cr alloys. This study evaluated the mechanical behavior and 
oxidation response of cold rolled sheet specimens of an alloy 
similar to one considered in the previous study. Also, the effect 
of carbon and yttrium additions to this base alloy was evalu- 
ated. The carbon addition was chosen for studying potential 
strengthening benefits, and the yttrium addition was chosen for 
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2. Material Processing 

Alloys were prepared by arc melting high-purity materials 
in a water-cooled copper crucible in a chamber backfilled with 
argon at 0.07 MPa. The buttons were remehed six times to en- 
sure homogeneity and were drop cast into a water-cooled cop- 
per mold to form 25 x 12 x 75 mm ingots. The ingots were cut 
into three 25-ram sections. A section from the base alloy ingot 
and the alloy with 0.11 at.% C and 0.07 at.% Y were cold rolled 
to a final thickness of 0.8 ram. Both sections cold worked easily 
from the starting thickness of  25 mm to the final thickness of 
0.8 mm without any intermediate annealing. However, the al- 
loy with carbon and yttrium exhibited some edge cracking in 
the final rolled sheet. The alloys with 0.53 at.% C cracked even 
after small cold reductions. Further cold rolling after an anneal- 

4 v ing treatment at 1150 ~ in a 1.6 x 10- Pa acuum also proved 
to be unsuccessful. Consequently, sections were first wrapped 
in molybdenum cover sheets and hot rolled at 900 ~ to obtain 
50% deformation. Further attempts to cold roll the hot rolled 
sheet were also unsuccessful, and further processing was aban- 
doned. 

"lhble 1 Nominal chemical compositions (at.%) of alloys used in 
this study 

Heat Nb Ti AI Cr C Y 

14610 .......... 40.21 40.34 9.55 9.91 . . . . . .  
14963 .......... 39.95 40.15 9.5(I 9.86 0.53 ... 
14964 .......... 39.88 40.15 9.50 9.86 0.53 0.07 
14964A ....... 40.08 40.30 9.54 9.90 0.11 0.07 
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Fig. 1 Room-temperature tensile properties of the base alloy (heat 14610) in the as-cold rolled and annealed conditions. (a) Yield strength. 
(b) Ultimate tensile strength. (c) Total elongation. (d) Reduction of area. 

3. Experimental Procedure 

Longi tudina l  tensi le  spec imens  with a gage length of  25.4 
mm and pin holes  in the grip sect ion were punched  f iom the 
0.8-ram as-rolled sheets.  A limited n u m b e r  of  tensile spec imens  
with a 12.7-mm gage were also punched  from the base alloy 
sheet. Pieces left ove r  a l ter  tensi le  specimens had been  
punched w~re used for  oxidat ion tests. Specimens  used for oxi- 
dation tests were typical ly  25 x 13 m m  in size. 

The base alloy was tested in three condi t ions:  as rolled, an- 
nealed for 0.5 h in 1.33 • 10 -4 Pa v a c u u m  at 1100 ~ and an- 
nealed  for 17 h in 1.33 • 10 4 Pa vacuum at 1100 ~ The  alloy 
modif ied with carbon and yt tr ium was tested in a single heat 
t reatment  condi t ion,  0.5 h in 1.33 x 10 -4  Pa vacuum at 1100 ~ 
In addit ion,  tensile propert ies were obta ined  at 400, 600, 700, 
800, 900, and 1000 ~ for  the base alloy in the 0.5-h vacuum 
annea led  condi t ion.  Elevated tempera ture  tensi le  propert ies  
were ob ta ined  for the modif ied alloy at 400, 600, 700, and  800 
~ All tensi le  tests were conducted  in air  at a strain rate of  3.33 
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Fig. 2 Optical micrographs of the base alloy. (a) As cold rolled. (b) After annealing at 1100 ~ for 0.513. (c) After annealing at 1100 ~ for 
17 h. (d) Optical micrograph of the alloy modified with 0.11 at.% C and 0.07 at.% Y after annealing at 1100 ~ for 0.5 h. 

x 10-3s -1. One creep test at 650 ~ and 172 MPa was also con- 
ducted on the base alloy. Optical micrographs, in both the 
unetched and etched states, were obtained from the grip section 
of tensile specimens of the base alloy in the as-rolled and an- 
nealed (0.5 and 17 h, respectively)conditions, and the modified 
alloy in the annealed (0.5 h) condition, from samples tested at 
room temperature. An etchant containing 50 ml of HNO 3, 30 g 
of ammonium bifluoride (NH4F.HF), and 20 nfl of H20 was 
used. The grain size of the annealed specimens was measured 

from optical micrographs at 100x using the line intersection 
method. 

The oxidation response of the base and modified alloys was 
determined as follows. Oxidation test specimens were meas- 
ured, weighed, and placed in nickel-aluminide trays. Trays and 
specimens were placed in furnaces at 600, 700, 800, and 900 
~ Specimens were periodically removed and monitored for 
weight change due to oxidation. Typically, measurements were 
made every 24 h, except during weekends when measurements 
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were made after 72 h. Oxidation tests were discontinued at the 
onset of oxide spallation, which occurred at the 800 and 900 ~ 
test temperatures�9 

4. Results and Discussion 

The room-temperature tensile properties for the base alloy 
in three conditions (as rolled, vacuum annealed at 1100 ~ for 
0.5 h, and vacuum annealed at 1100 ~ for 17 h) are shown in 
Fig. 1. Figure 2 shows optical metallographs of the alloy for the 
three conditions illustrated in Fig. 1 and also for the alloy modi- 
fied with 0.11 at.% C and 0.07 at.% Y after vacuum annealing 
at 1100 ~ for 0.5 h. The results indicate that the 0.5-h anneal- 
ing treatment is sufficient to recrystallize the alloys�9 Grain size 
measurements yielded a value of 43 lum for the base alloy at the 
end of the 0.5-h annealing treatment. The 17-h annealing treat- 
ment resulted in moderate grain growth, with the grain size in- 
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creasing to 111 gin. The carbon and yttrium addition to the al- 
loy produced a slight refinement in the grain size, resulting in a 
value of 39 gm. Tensile properties for the base alloy correlate 
well with the microstructure obtained in the particular alloy 
condition; tensile strengths are highest in the as-rolled condi- 
tion and lowest in the 17-h anneal condition, where the grain 
size is comparatively large. Correspondingly, ductility is maxi- 
mum in the fine-grained, recrystallized condition; both the as- 
rolled and coarse-grained conditions exhibit low ductility. 
Optical micrographs of the samples in Fig. 2 in the unetched 
condition all exhibited finely distributed porosity, presumably 
retained from the original cast ingots. 

Figure 3 shows the variation of tensile properties with tem- 
perature. Yield and ultimate tensile strength exhibit a large drop 
at 400 ~ remain relatively constant between 400 and 800 ~ 
and decrease again above 800 ~ In Fig. 3(a), the yield 
strength data reported by Jackson and Jones [I] for a 40Nb- 
40Ti-10AI-10Cr alloy have been superimposed on the results 
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Fig. 3 Variation in tensile properties with temperature for the base alloy and the alloy modified with 0.11 at.% C and 0.07 at.% Y. (a) Yield 
strength. (15) Ultimate tensile strength. (c) Total elongation. (d) Reduction of area. 
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for the alloys used in this study. The yield strength values for 
the cast material obtained by Jackson and Jones seem to be 
somewhat higher at temperatures below 800 ~ than the values 
obtained for the cold rolled and annealed sheet material used in 
this study. However, the difference seems to be enhanced due to 
the lack of any data reported by Jackson and Jones between 
room temperature and 600 ~ The carbon and yttrium addi- 
tion, which produces only a minor change in the grain size, has 
essentially no effect on the yield and ultimate tensile strength of 
the alloy. Both the base and modified alloy exhibit over 20% 
elongation at room temperature in the fine-grained, annealed 
condition. The values increase slightly with temperature, hut 
exhibit sharp minima at 700 ~ similar to data reported by 
Benz et al. [4] for other Nb-Ti-AI-Cr alloys. Ductility increases 
sharply above 700 ~ The carbon and yttrium addition has no 
effect on the ductility minimum at 700 ~ but causes a slight, 
consistent reduction in ductility values on either side of the 
ductility minimum temperature. This is consistent with the ob- 
servation of some edge cracking in the cold rolled sheet of the 
modified alloy. No edge cracking was observed in cold rolled 
sheet of the base alloy. 

Both the base alloy and the modified alloy exhibited strain 
softening, characterized by decreasing load past the yield 
point. The modified alloy also exhibited dynamic strain aging 
(Portevin-Le Chatelier effect) at a test temperature of 400 ~ 
presumably from the pinning and unpinning of dislocations at 
carbon atoms. The creep rupture strength at 650 ~ and 172 
MPa of the base alloy is consistent with data reported by Benz 
et al. [4] on a similar alloy (Fig. 4). The total elongation and re- 
duction of area values for the base alloy were 8.1 and 3.1%, re- 
spectively. 

The oxidation response of the alloys used in this study (Fig. 
5) is very similar to that of a 39Nb-39Ti-9Al-13Cr alloy re- 
ported by Jackson et al., [2] although the measured weight gains 
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for the alloys used in this study seem to be somewhat lower, 
particularly for the 800 ~ test. 

The oxidation rate at 600 and 700 ~ was low, with no evi- 
dence of oxide spallation, even after 500 h at the test tempera- 
ture. Tests at temperatures above 800 ~ exhibited spalling and 
are not included in Fig. 5. The influence of 0.07 at.% Y on the 
oxidation resistance was minimal (Fig. 6). There was almost no 
difference in weight change behavior at long times, although 
for short times weight gains for the modified alloy were lower 
than that of the base alloy at 600 and 900 ~ and slightly 
greater than that of the base alloy at 700 and 800 ~ The oxida- 
tion data for 600 and 700 ~ are the longest times reported in 
the literature for this class of alloy. The yttrium addition had no 
effect on oxide spallation resistance in these tests. 

5. Summary 

The processing characteristics, tensile properties, creep 
properties, and oxidation response of a base alloy of 40Nb- 
40Ti-10AI-10Cr and an alloy modified with 0.11 at.% C and 
0.07 at.% Y were investigated. Carbon was added for potential 
strengthening benefits, and yttrium was added for a possible 
improvement in oxidation resistance. The following observa- 
tions were made. 

Both the base alloy and the modified alloy were very ductile 
in the as-cast state and were cold rolled to room temperature 
without any intermediate annealing treatment. The addition of 
carbon to the alloy affected its ductility and cold fabricability. 
The alloy modified with 0.11 at.% C and 0.07 at.% Y exhibited 
some edge cracking in the cold rolled sheet. Alloys with 0.53 
at.% C could not be cold rolled even after a 1150 ~ annealing 
treatment and 50% hot deformation at 900 ~ 

Both the base alloy and the modified alloy recrystallized af- 
ter annealing at 1100 ~ for 0.5 h. Annealing the alloy at 1 100 
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Fig. 6 Comparison of oxidation response of the base alloy anti the alloy modified with 0.11 at.% C and 0.07 at.% Y. (a) 600 and 700 ~ (b) 
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~ for 17 h increased the grain size of the base alloy from 43 to 
111 pm. The 0.11 at.% C and 0.07 at.% Y additions produced a 
slight refinement in the grain size in specimens annealed at 
1100 ~ for 0.5 h, from 43 to 39 btm. 

The highest ductility in the base alloy tested at room tem- 
perature was obtained in the fine-grained, annealed condition. 
The 17-h annealing treatment reduced both strength and ductil- 
ity. The variation of yield strength with temperature of the base 
alloy compared well with values reported for the cast mate- 
rial. [11A ductility minimum was obtained at 700 ~ in both the 
base alloy and the modified alloy. The addition of carbon and 
yttrium produced only a small increase in the ultimate tensile I. 
strength and corresponding decrease in the reduction of area. 
Yield strength and tensile elongation were unaffected. 

Both the base alloy and the modified alloy exhibited strain 
softening behavior. The alloy modified with carbon and yttrium 2. 
exhibited dynamic strain aging at 400 ~ The creep-rupture 
strength of the base alloy was consistent with data reported in 
the literature for similar alloys. 

The oxidation response of the base alloy was similar to that 
3. 

of an alloy reported in the literature. [21 The yttrium addition 
produced a mixed effect on the oxidation behavior of the alloy. 
The results of this study and that of others reported in the litera- 
ture[ 1-41 suggest that the 40Nb-40Ti- 10A1-10Cr alloy lbrms a 

good base alloy suitable for further study in the development of 4. 
Nb-Ti alloys with improved oxidation resistance and high-ten> 
perature strength. 
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