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This“inventioni‘relates to‘ a tantalum-scolumbium-vchro 
mium base‘inetal‘alloy, and particularly to' one such alloy 
.Wllich ‘contains chromium and tungsten, which__alloy has 
‘excellent corrosion resistance and possesses great mechani 
cal strength at temperatures of the order of 2000“ F. and 
higher. ‘ a ‘ e _ a a . 

, Important features‘l ofjthehalloy of'this invention are 
(1) {that ‘it may be hot-worked,‘ (2) is highly resistant 
to oxidation and other ‘forms ,of {corrosion of tempera 
tures up ‘to about ‘2000" F. and ‘higher, and (3) possesses 
‘great inechauicaljiwork strength at these elevated'tempera 
t‘u‘re‘sa As ‘a result,“ thisfalloy‘inay ‘be ‘used at as blades, 
vanes and other parts 1of ‘high. temperature gas‘ turbine 
‘engines, 'Other ir‘n‘portant ‘use‘s‘t‘of the alloy ‘of this inven 
‘tion ‘are that ‘it may b‘e‘us'e‘d as exhaust‘ valves and mani 
folds in internalcoinbuStidn engines,‘ in heatexchangers, 
and as linings for retorts and container‘ve‘ssels used in 
‘the chemical and metallurgical ‘industries. as e 

‘ The prior ‘art highs‘tejmper‘atu‘r‘e, high‘ strength base 
‘metal ‘alloys such ‘as the ‘nickel ‘and/or“ cobalt base metal 
alloys which have been used :as‘bl‘ades, vanes and other 
‘parts ‘of ‘high temperature ‘gas turbin‘edengines, have a ‘ 
‘maximum operating temperature of about 1500‘0 F. ‘ For 
example,‘ a commdn nickel-cobalt base metalf'allo'y which 
incorporates‘ molybdenum as‘ ‘a constituent‘ is for‘ all‘ prac 
tical‘,purposes noné‘utiliz‘able’ as a ‘structural member, in 
“a ‘gas turbine engine if the metal temperature signi?cantly 
“exceeds about 1500” F‘. because o‘f'the strength and oxida 
tion ‘resistancebl‘iinitation‘s' of I such‘ an, alloy‘ above‘ this temperature. 

In contrast, the: alloy of "this" ‘invention’ when used‘as 
‘ ‘a blade ,or‘vane in‘a‘hig'h temperature gas ‘turbine engine ‘ 
cantheloperat‘ed at markedly higher temperatures‘ than 
was possible heretofore,‘ and the performance of the ‘gas 

‘turbine, engine is improved. in that‘ the‘total thrust‘ is‘ in- ‘ 

‘ An alloy ‘of this inventionris‘particulairly ‘r‘esistant‘to 
oxidation and has high strength at elevated ‘temperatures 
of about ‘2000" F. and higher, so‘ as‘ to: be suitable‘ for 
use in forming liners for retorts and‘ container vessels used 

creased and the amount‘ of tuel ‘consumedpe'r' pound ‘of 

in the chemical‘a‘nd metallurgical industries. 
The'leine‘tal alloy this‘ invention ‘is ‘comprised, ‘by 

‘weight, ‘of approximately 5_ percent‘to ‘20 percent of 
“chromium, 2 percent to,‘ ‘25 percent of tungsten, and the 
balance,‘ ‘essentially a mixture of‘ tantalum ‘ and jcolum 
biurmlthe amount of tantelnin'in the‘ mixture‘ of tantalum 
and‘ columbium being from ‘about lOTperCent to "95 ‘per 
cent, and the balance of the mixture being‘ essentially 
columbium. The proportions of the preferred alloys of 
this invention are,‘ by weight,‘ approximately 10 percent 
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to 20 percent of chromium; 5 percent to ‘15 percent of ‘ 
tungsten, and the balance, essentially a mixture of tan 
mum ‘ and ‘columbium, the‘ amount'of“ tantalum‘ in the 
mixture being from about 30 percent-‘to 95 percent,‘ ‘and 
the balance of the mixture being essentially columbium. 

It is important to note that in the past it has been the 
general understanding that the metals tantalum and 
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‘columbium are substantially equivalent... I have ‘found 
thatthis isynot the casein the present invention. ‘ Thus, 
forlexample, Lhavefound that‘ a relatively small amount 
of chromium is as ‘an alloying‘ ‘constituent with .columbiurn 
and tungsten renders theisresulting. columbium-tungsten 
“chromiumumetal alloy too brittle to be of any practical 
use. :On the other hand, I have discovered that when 
tantalum ‘is ‘alloyed with columbium and tungsten in the 
proportions speci?ed above, then ‘materially larger .pro 
portions of chromium can be incorporated, resulting in 
the new tantalum-columbium-tungsten-chromium alloy of 
(this iinve'ntionhaving unexpected,>improved properties as 
indicated above. , These properties are not achieved with 
,a ,columbium-tungsten~chromium‘metal alloy. ‘ . 

To achieve the optimum desired properties in an allo 
.of the present invention, the impurities named below 
preferably should be held to the following approximate 
limits ‘by weight. The carbon content in ‘the‘?nal alloy 
‘preferably should be no ‘more than 0.5 percent; thepoxy~ 
gen content, no more than 0.8 percent, as determined by 
.an increase on ignition technique; ‘the nitrogen content, > 
no more ‘than 0.2 percent; and ‘the iron content, no more 
than‘5'percent. . ‘ . . 

The following are examples ofthe preparation and test 
results of, the tantalum-co1umbium1chromium-tungsten 
metall alloy of “this invention: ‘ 

Eramplel 
An ingot of a tantalum-‘columbium-chromium-tungsten 

metal ‘alloy composition containing by Weight 15, percent 
offchromium,‘ 15 percent‘sof‘tungsten, ‘3.5 percent of 
‘columbiuin‘ancl the balance, essentially tantalum, was 
prepared *by are melting an electrode of tantalum to 
which‘3‘5 percent‘ columbium, 1-5 percent tungsten and 
15 percent ‘chromium were added. This may be‘ accom 
plished by pressing a uniform powder mix of tantalum, 
'columbium, chromium and tungsten in the above pro 
portions in the form‘of'bars under a pressure of about 
50 tons ‘per square inch, sintering the pressed bars under 
a vacuum condition of about 1 micronsfor a period of 
about 3 hours, and then are melting the sintered bars 
under a‘ va‘cuum‘condition of about 5 microns or less. 
The are melted alloy of this example‘was tested for 

oxidation “resistance in inoving air at about 2000° F.‘ for 
twent'yifour hours.“ Its resistance to oxidation was about 
700 times greater than the resistance to oxidation of sub 
stantially pure columbium.‘ \ i ‘ i ‘ 

‘The test procedure for oxidation resistance was com 
prised of preparing test samples of the alloy and the 
dimensions of such test samples determined prior to 
subjecting ‘the testksamples to the oxidation test condi 
tions. ‘ The oxide ?lm ‘which formed onethe test samples 
‘during testingwas removed‘ and the thickness of each 
tested sample ‘was thenwmeasured and compared‘ with 
the thickness of the test‘sample prior to submitting it 
to the test conditions. The same procedure was carried 
out to‘ determine the oxidation resistance of substantially 
pure‘ eolumbium and‘a comparison made between‘the 
oxidation resistance of‘colnm‘biu‘m and the alloy of this 
example . . ¢. . i f ‘ 

, jfl‘est bar's (4A ineh diameter and ,3 inchesilong) were 
fabricated fremhthe are melted, ingot ‘of, this example 
by hot-working‘ procedure. ‘The 100 .hour a rupture 
strength of; such bars in moving air at about 2000". F. 
exceeded 20,000 pounds per‘ square ‘inch (p.s.i.). . a 

Example. 2“ > 

An ingot of a tantalum-chromium-columbiurirtung 
sten metal alloy composition containing by weight 10 
percent of chromium, 10 percent of tungsten, 24 percent 
of tantalum, and the balance, essentially columbium, 



' in Example 1. 

' in Example 1. 

3 
was prepared: in the same manner as set forth in 'Ex-’ 

. ample 1. . 

The are melted alloy of this example was tested for. 
oxidation resistance in moving air at about 2000° F. 
for twenty-four hours in the same manner as set ‘forth 
in Example 1.", The oxidation resistance 'of the alloy/of 
this-"example is about 650 times greater than the oxida 
tion resistance of substantially pure columbium. 

Test bars (1/4 inch diameter and 3 inches long) were 
fabricated from the arc melted ingot of this example 
by hot-working procedure. 
rupture strength in excess of 20,000 p.s.i. at a tempera 
ture of about 2000° F. in moving air. 

Example 3 
gAn ingot of a tanalum-columbium-chromium-tung 
sten metal alloy composition containing by weight 5 
percent of chromium, 25 percent of tungsten, 7.3 percent 
of tantalum and the balance, essentially columbium, 
was prepared in the same manner as set forth in Ex 
ample 1. _ 
The are melted alloy of this example was tested for 

oxidation resistance in moving air at about 2000° F. 
for twenty-four hours in the same manner as set forth 

The resistance to oxidation of the ex 
ample of this alloy is about 100 times greater than the 
oxidation resistance of substantially pure columbium. 

Test bars (1A inch diameter and 3 inches long) were 
fabricated from the arc melted ingot of this example i’ 
by hot-working procedure. Test bars of this example 

1 had a 100 hour rupture strength in excess of 20,000 p.s.i. 
in moving air at about 2000° F. 

7 Example 4 , 

An ingot of a tantalum-columbium-chromium-tung 
sten metal alloy composition containing by weight 20 
percent of chromium, 5 percent of tungsten, 7.5 percent 
of columbium and the balance, essentially tantalum, 
was prepared in the same manner as set forth in Ex-v 
ample 1. a . 

The are melted alloy of this example was tested for 
oxidation resistance in moving air at about 2000° F. 
for twenty-four hours in the same manner as set forth 

melted alloy of this example is about 800 times greater 
than the oxidation resistance of substantially pure colum 
bium. 

Test bars (1%; inch diameter and 3 inches long) were 
fabricated from the are melted ingot of this example 
by hot-working procedure. The test bars of this ex 
ample had a 100 hour rupture strength in excess of 
20,000 p.s.i. at a temperature of about 2000° F. in mov 
ing air. ‘ I ' ' 

* ‘ Example 5 

An ingot of a tantalum-columbium-chromium-tung 
sten metal alloy composition containing by weighyt>10 
percent of chromium, 10 percent of tungsten, 40 percent 
of columbium, and the balance, ‘essentially tantalum, 
was prepared in the same‘ manner as set forthin Ex 
ample 1, . . ' ' . 

The arcrmeltedalloy of this example was tested for 
oxidation resistance in moving‘ air at about 2000"‘ F. 
for twenty-four hours in the same. manner described in 
Example 1. The oxidation resistance of the-alloy 'of 
this example is aboutv 500 times greater than the oxida 
tion resistance of substantially pure columbium.‘ ' 

Test bars (lA'inch diameter and 3 inches'long) were 
fabricated from the arc melted, ingot of this example 
by hot-working procedure. The test bars of this ex 
ample had a 100 hour rupture strength in excess of 
20,000 p.s.i. at a temperature of about 2000° F. in mov 
ing air. ' a r ' r 
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4, 
Example 6 

' An ingot of a tantalum-columbium-chromium-tung 
sten metal alloy composition containing by weight 5 
percent of, chromium, 2 percent of tungsten, 18.6 percent 
of tantalum, and the balance, essentially columbium, 
was prepared in the same manner as set forth in Ex 
ample 1. 1 ' 

The are melted alloy of this example was tested for 
oxidation resistance in moving air at about 2000’ F. 
for twenty-four hours in the same manner as described 
in Example 1. The oxidation resistance of the arc 
melted alloy of this example was about 100 times greater 
than the oxidation resistance of substantially pure colum 
bium. ' 

Test bars (1A inch diameter and 3 inches long) were 
fabricated from the arc melted ingot by hot-working 
procedure. The test bars of this example had a 100 
hour rupture strength in excess of 20,000 p.s.i. at a 
temperature of about 2000° F. inmoving air. 

I claim: ' 

1. A metal alloy which comprises, by weight: 5 per 
cent to 20 percent chromium; ,2 percent to 25 percent 
tungsten; and the balance, essentially a mixture of tanta 
lum andcolumbium, the amount of tantalum in the mix 
ture of tantalum and columbium being from 10 percent 
to 95 percent of the mixture, the balance of the mixture 
being essentially columbium. , 

2. A metal alloy which comprises, by weight: 10 per 
cent, to 20 percent chromium; 5 percent to. 15 percent 
tungsten; and the balance, essentially a mixture of tanta 
lum vand columbium, the amount of tantalum in the 
mixture of tantalum’and columbium being from '30 per 
cent to 95 percent of the mixture, the balance of the 
mixture being essentially columbium. 

3. A metal alloy which comprises, by weight: 10 per 
cent chromium; 10 percent tungsten; and the balance, 
essentially a mixture of tantalum and columbium, the 
amount ,of tantalum in the mixture of tantalum and 
columbium being about 24 percent'of the mixture and 
the balance of the mixture being essentially columbium. 

4. A metal alloy which comprises, by weight: 10 
percent chromium; 10 percent tungsten; and the balance, 
essentially a mixture of tantalum and columbium, the 
amount of columbium in the mixture of tantalum and 
columbium being about 40 percent of the mixture and 

_ the balance of the mixture being essentially tantalum. 
5. A metal alloy which comprises, by weight: 5 per 

cent to 20 percent chromium; 2 percent to 25 percent 
tungsten; and the balance, essentially a mixture of tan 
talum and columbium, the amount of tantalum in the 
mixture of tantalum and columbium being from 10 per 
cent to 95 percent of the mixture, the balance of the 
mixture being essentially columbium, the impurities car 
bon, oxygen, nitrogen, and iron not exceeding 0.5 per 
cent of carbon, 0.8 percent of oxygen, 0.2 percent of 
nitrogen, and 5 percent of iron. ' 

6. A metal alloy which comprises, by weight: 10 per 
cent ot 20 percent chromium; 5 percent to 15 percent 
tungsten; and the balance, essentially a mixture of tan 
talum and columbium, the amount of tantalum in the 
mixture of tantalum and columbium being from 30 per 
cent to 95 ‘ percent of the mixture, the balance of the 
mixture being essentially columbium, the impurities car 
bon, oxygen, nitrogen, and iron notexceeding 0.5 percent 
of carbon, 0.8 percent of oxygen, 0.2 percent of nitrogen, " 
and 5_ percent‘ of iron. 
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