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. *WROUGHT TANTALUM OR NIOBIUM ALLOY HAVING SILICON AND A COMPOUND DOPANT"

' Theﬁre_sent invention pertains to the field of wroﬁght metal base alloy products with

. improved chemical and physical characteristics, and more particularly to' products of

' .5 tanalumor niobium metal base alloys containing quantities of silicon and a dopant such
' as yttrium nitride. |

Tantalum alloys have been recognized as preferred materials in the field of furnace

equipmem:.suéh‘f-as.trays and heating elements, and radiation shielding where the thermal

stability of the alloy is maintained and the life span of the product is enhanced by

10 _réduced embrittlement. Tantalum alloys have also been employed in the manufacture

of wire and mbre particularly as electric component leads where product characteristics

~ such as ductility, high dielectric constant, resistance to grain growth at elevated

temperatures, and improved processability are required. In the production of capacitors,

for example, the lead wires may either be pressed into the tantalum powder anode and

15  subsequently sintered at high temperatures, or spot welded to sintered capacitor bodies.
See U.S. Patent No. 3,986,869. |

In both electrical component and furnace equipment products, contamination by oxygcn ' =
contributes 1o embrittlement and piece failure. 'For example, in wire products, the area -
' where a lead wire leaves an anode body is highly sisceptible to embrittlement due to
20  migration of oxygen from the sintered body to the wire. Lead wires which become
embrittled or break results in the loss of the entire piece. Substantial economic benefit
can be gained from a tantalum or niobiuni base alloy which does not lose strength or
ductility due to embrittlement after exposure to high temperatures.

For purposes.of simplicity, reference hereafter will be made solely to wantalum even
25  though it is understood that niobium is also contemplated. The chemical similarities
between the two elements are well known to those skilled in the art. '
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* The term "ductility” is typically understood to mean a percentage increese_ in lex
the metal érier to failure in a tensile test.

'I‘he term "bend—ducnhty is a physxml characteristic synonymous with redu
_ 'embnttlement or ability to withstand repetitive bending. The term is typic:
5 represented asanumber of sucoessﬁxl bends in an anode after single or double sinteri
in vacuum

Oxygen embrittlement occurs in tantalum base alloy products by several mechanisms.

Tantalum acts as a getter for oxygen in addition to other gaseous impurities present in

sintering operations such as carbon monoxide, carbon dioxide, and water vapor.

10  Attempts have been made to reduce tantalum oxide formation by doping tantalum with

carbon or a carbonaceous material. Oxygen reacts with the carbon at the surface of the

 metal rather than diffusing into the tantalum thereby lmmrmzmg embrittiement. While

enhanced ducnhty levels may be achieved with carbon addition, the dopant may

adversely effect the piocessability and electrical characteristics of the metal. Carbon

15  particles on the surface of the tantalum may result in increased electrical leakage due to
the non-uniform adherence of tantalum oxide film.

The term "dopant® is known to those skilled in the art to mean a trace quantity of
material which is normally added to a base material.

The term “processability” is defined here after as the ratio of tensile strength to yield
20  strength. Processability is measured by mechanical evaluation of tantalum alloy by a
variety of methods including standardized ASTM testing referenced hereafter. '

U.S. Patent Nos. 4,128,421 and 4,235,629 disclose the addition of silicon and/or carbon
to tantalum to increase ductility. Silicon is volatilized in part during processing and
therefore must be added in excess in the original master blend.
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While it is speculated that silicon functions as a getter similar to carbon, the addition of
e exce$s sxhcon may effect the electrical characteristics of the wire product by the same-
- - mechamsm described above for carbon or carbpnacéous materials.

o The dopiﬁg of .tanta'lum powder with phosphorus is generally disclosed in U.S. Patent
5 Nos: 3,825,802, 4,009,007, and 4,957,541 as a means for improving the electrostatic
 capacity of cap._acitors and flow properties of the tantalum powders. Some significance
is attributed to the amount of dopant added in the "007 patent (ranging from 5 to 400
: pﬁm). ‘Although the mechanism by which phosphorous functions as a dopant to tantalum
metal is .not completely known, one theory is that it reduces the siniering rate of

10 - tantalum by decreasing the surface diffusion of tantalum.

Another mechanism for reducing the embrittlement of tantalum base alloy products
_involves the doping of ﬁnmlum powder with yttrium, U.S. Patent Nos. 3,268,328,
3,497,402; or thoria, U. S. Patent No. 4,859,257; or oxides therefrom. U.S. Patent No.
3,268,328 discloses a yttrium oxide doped tantalum alloy having an average grain size

15 of 4 to 6 (ASTM). |

The term "grain-size” may be defined as the number of grains of tantalum as compared

with a standard ASTM grain size chart at 100X magnification. The term "fine

grain-size” may be defined to mean an ASTM value of greater than ASTM 5

or less than about 55 microns. The term "uniform grain-size” refers to a grain-size
20  which does not vary by more than one ASTM number according to the testing procedure

discussed above.

A combination of dopants in a tantalum base alloys for wrought wire applications is

' disclosed in U.S. Patent No. 4,859,257. The patent discloses an alloy formed by adding

125 ppm silicon and 400 ppm thoria to tantalum powder. An ASTM grain size No. 10

25  and No. S are obtained for a doped and an undoped control of pure tantalum powder.
This translates into a doped tantalum: base alloy gmn size of 10 microns in comparison

to a control of 55 microns. It is maintained that the mechanisms where silicon functions

as an oxygen getter and where metal oxide functions as a grain boundary restraint,
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explain the basis for the reported fine grain size and ductility. The mechanisms,

. however, suffer from previously discusﬁed problems'of product quality due to silicon

, B evaporauon and grain growth after exposure to high temperatures due to dlspersant

: .pamcle growth A tantalum based alloy whxch promdes consistently high ducnlxty and

5 . processabxhty after exposure to high tempexatures would be a considerable advance in
 the field of tantalum metallurgy

| Another object of the present invention is to provide tantalum alloy which maintains
processability and ductility with low concentrations of dopants.

A further object of the present invention is to provide a doped tantalum alloy which
10° maintains a high level of processability and ductility and wherein the dopants resist
- coarsening after exposure to high temperatures.

Yet a further object of the present invention is to provide a wrought wire pi'oduct from
tantalum base alloy which maintains processability and ductility, and which minimizes
DC electrical leakage. |

15  Accordingly, the present invention alleviates the above mentioned problems and achieves
the cited objectives in a wrought metal alloy product comprising a tantalum or niobium
base metal, a quantity of silicon between about 10 to about 1000 ppm, and between
about 10 to about 1000 ppm of a dopant comprising 2 metallic and a non-metallic
component. The dopant has a Gibbs free energy of formation higher than compounds

20 formed from the tantalum or niobium base metal selected and the non-metallic
component of the dopant, and a Gibbs free energy of formation lower than oxides
formed of the dopant metal component. |

The present invention further comprises in a wrought metal alloy product, the
 combination of a tantalum or niobium base metal with about 100 to about 500 ppm
25 silicon and about 100 to about 500 ppm yttrium nitride. The product further includes

a ductility of about 20% after exposure to elevated temperatures of greater than 1300°C,

and exhibits a fine uniform grain size of about 3 to about 30 microns. Low levels of
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carbon and oxygen 1mpunuec are mamtamed at about 50 and 300 ppm respectively. As
drscussed below,: the inventors have dxseovered that the unexpected physrcal and

E , chemml properues of the mvennon are largely ¢ due to the synergxstxc effect of SIIICOI‘I
and yttrium nitride dopants '

A further advantage is that yttnum srhcrde is more resxstant to dxspersant partxcle growth
than metal oxides such as yttnum or thonam oxides.

- A further advarx&ge of the present invention s tfxar wreught metal ailoy produets

produced have improved ductility after exposure to elevated temperatures and improved
bend ductility.

A further advantage is that excess quantities of dopant formerly needed to replace
evaporated silicon are not required. The grouping of excess dopant on the surface of the
wrought alloy product and the associated problem of discontinuous tantalum oxide
insulating, is also alleviated.

Brief Description of the Drawi
The disclosed objects, features, and advantages are further illustrated by the drawings,

detailed description, and claims presented'below:

Figure ] illustrates the microstructures of tantalum wire made by doping with
silicon plus yttrit_lm nitride; thoriam oxide; silicon plus yttrium oxide; and silicon; all
after annealing at 1300 °C;

Figure 2 illustrates a graph of the bend ductility of the wire compositions
illustrated in Figure 1 after sintering;

Figure 3 illustrates microstructures of 0.38 mm tantalum sheets doped with
silicon and yttrium nitride; with thoriam oxide; with silicon plus yttrium oxide; and with
silicon; all after annealing at 1800°C; :
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. Figure 4 illustrates an electron diffraction pattern of 0.38mm tantalum sheet
. doped with silieori and yttrium nitride after annealing at 1500°C;

) Exgm:e_i isan electron diffraction pa.ttem of 0.38mm tantalum sheet doped with
| snhcon plus yttrium oxide after annealmg at 1500°C; and

5 - Eigm:_ﬁ is an electron photomicrograph of 0.38mm tantalum sheet used in
| Figures 4 and 5, which illustrates the size of precipitates after annealing at 1500°C.

The wrought metal alloy product of the present invention is made generally from a

. _ pi'ocess where tantalum base metal powder is blended with a quantity of silicon between

10 about 10 to about 1000 ppm, and a quantity of dopant between about 10 to about 1000

ppm. The dopant comprising a metallic and a non-metallic component with the metallic

portion selected from a group comprising yttrium, thorium, lanthanum, hafnium,

titanium _and zirconium.- The non-metallic component is selected from the greup

. comprising nitrogen, sulfur, selenium, tellurium, arsenic, antimony, carbon,

15  phosphorous, and boron. The dopant is further characterized to include a free energy

of formation greater than compounds formed from the base metal and non-metallic

component, and less than oxides of said metallic component. For example, the present

invention preferably includes the use yttrium nitride which has a Gibbs free energy value

of 64.8 (taken as an absolute number) which falls above a low free energy value of

20 tantalum nitride of 52.4 and below a high value of yttrium oxide of 145 kcal/atom. Other

dopants, having metallic and non-metallic components falling within the free energy

range parameters of the base metal and non-metallic component, and the oxide of the

metallic component, are readily ascertainable to those skilled in the art by an
examination of the corresponding free energy values of the compounds selected.

25  Bars were made by first blending the base metal alloy, silicon, and dopant powders by
~ mechanical means such as a twin cone blender, and then subjecting the powder to cold
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1sostat1c pressing at 60, 000 PSI. The bars were then placed in a vacuum chamber and
_ smtered by direct resxstance smtermg at between 2350 to 2400°C for about 4 hours

~ The doped tantalum bar stock may be used to generate a variety of ‘wrought products_
'_ mcludmg fumaoe trays and leads for electromc components. For the purpose of
5 sxmpltcxty, the followmg descnptton shall pertatn pnmanly to wrought wire products

‘Wrought wire was made from the 'sintered bars by rolling to a 20mm by 20mm

cross-section followed by anneelmg This was aeoomphshed at 1300°C for two hours

ina standard vacuum fumace. The annealed bar was then rolled to a cross-section of

9tm_n by 9mm and reannealed at 1300°C for two more hours. Fut_'ther processing was
10 - accomplished by drawing through various dies and annealing at 1300°C.

The tantalum powder may be made by several methods including the processes disclosed
in U.S. Patent No. 4,684,399, assigned to the present assignee, Cabot Corporation. The
“process disclosed in Columns 4, 5 and Examples 2-9 are incorporated by reference
herein. '

15  Referring to Figure 1, photomicrographs were taken of 0.25mm diameter tantalum
wires, made by doping with various dopants and annealing at about 1300°C for two
hours. As illustrated, tantalum wire doped with 100ppm yttrium oxide and 400ppm
silicon, exhibits ineomplete recrystallization. In comparison, the wire made by doping
tantalum powder with yttrium nitride and silicon, made according to the procedure of

20  Example 1 below, and illustrated in Figure 1, exhibits full recrystallization and a
uniform fine grain structure. Grain sizes ranging from about 2 to about 55 tmcrons are
preferable. '

Figure 2 illustrates improved bend ductility-of wire produced by the procedure and
materials of Example 1. Bend ductility ranged from 0.1 bends for tantalum doped with
25 thorium oxide, to about 4.2 for tantalum doped thh silicon and yttrium nitride after

exposuretotempe:aturesofgmterthanlSOO’C-
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Referring to Figure 3, tantalum sheets, made by the procedure of Examples 1 to 4, were

subjected to elevated temperatures of 1800°C. In addition to the apparent differences

. in grain-sizes, a mixture of large and small grains (commonly known as duplex or .
abnormal grain structure) are visible in the sample where yttrium oxide was used as the

dopant.  Coalescence of thermodynamically stable oxide particles is known to be
mponsxble for this phenomenon in oxide doped metals and alloys. Although the
mechanism is not completely understood, one theory accounting for dopant particle

- growth or "dispersant eoarsenirig" is that the coarsening occurs due to the high diffusion
rate of oxygen and metal atoms of oxides in refractory metals which is driven by the

interfacial energy of the dispersoids. Enlarged dispersant particles have lower surface ,

: energj; and therefore cannot function to restrain grain boundary migration. Grain growth

in turn, results in loss of ductility.

Under normal manufacturing temperatures of about 1300 °C, metal oxides act to reduce
grain growth by pinning the grain boundaries. Metal oxides typically have higher Gibbs
free energy and are more stable in comparison with nitrides. Metal oxides, however are
generally not stable after being subjected to elevated temperature conditions such as are
encountered in furnace environments. One skilled in the art would expect nitrides to
form oxides when exposed to oxygen environments at elevated temperatures and exhibit
metallurgical properties similar to oxides. Applicant’s have discovered unexpected
improved microstructure stability and bend ductility in a wrought base metal alloy
product formed from tantalum powder doped with a material having lower Gibbs values
(absolute) than that found in oxide dopants.

As illustrated in Figures 4 and 5, the disabilities associated with increased lattice strain
encountered are due to the presence of yttrium oxide . The diffraction patterns of lattices
indicate a significant difference between the effects of oxide and nitride additions as
dopants. It appears that straining of the lattice associated with oxides is substantially
more than with nitrides. Although the present invention should not be so limited, one
theory accounting for the strained lattice is that the higher thermodynamic stability of
oxides could prevent the interaction between oxides and the matrix and hence the
straining of matrix. The higher stability may also prevent the dissolution of oxide
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particles into matrix. With the prolonged exposure to elevated temperatures (as
encountered durmg processmg and application procedures), oxide particles might grow -
via mechamsms ahn to Ostwald ripening; thereby resultmg in grain-growth. The size |
of prec1p_1tates fo_r sheet metal produced in accordance with the procedures of Examples
1 and 3 and illustrated in I-Tigdr_e' 6, suggest elevated giainfgrowth where yttrium oxide

' and silicon were used. The formation of yttrium silicide leads to an alloy which includes

the charactenstxcs of improved ductility, a high degree of processabxhty, and improved

: rmcrostructure stabxhty which resists grain growth after exposure to temperatures of

greater than about 1500°C.

Applicﬁnt’s have unexpectedly discovered improved ductility in a product formed from
tantalum powder doped with a material having higher Gibbs value (absolute) than yttrium

oxide.

As illustrated in Table 5 below, x-ray diffraction analysis of compositions produced by
the procedores of Examples 1 and 3 shows that the blend containing the composition of
yttrium nitride and silicon indicated the presence of yttrium silicide, dispersed in the
base metal matrix while the yttrium oxide and silicon blend did not. Although, the latter
did have yttrium silicate, the thermodynamic stability of yttrium oxide apparently
prohibits its decomposition. It is believed that yttrium oxide preempts the formation of
yttrium silicide. Silicide cannot be formed, and an oxide (yttrium silicate) is formed
instead. The stability of the silicate is expected to be similar or higher than that of
yttrium oxide. Similarly, the silicates effectiveness as a dispersoid will have limitations
similar to those of yttrium oxide. The formation of yttrium silicide therefore is
unexpected due to the potential for oxidation of yttrium nitride into the more stable form

of yttnum oxide during processing.

Example 1

Tantalum powder was blended with silicon and yttrium nitride powders (nominal
particle size <200 mesh) to obtain a nominal composition of 400 parts per million of

.
———
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-_sxhcon and 100 pans per rmllxon of yttnum nitride by weight 1 with the balance tantalum ,
o powder Blendmg was aceomphshed in about 2 minutes in a twin cone blender The
= total wexght of the blend was about 50 pounds. Physical and chemxcal propemes of -

| stanmg tanmlum powder are gwen in Table 1 below. _

10

15

20

The blended powder was cold isos;atieally pressed into two bars at 60,000 PSI; each bar
‘weighed about 22 pounds. The cross-section of the bar was about 41mm x 41mm. The

bars were smtered by du'ect renstanoe smnenng in a vacuum fumace at a temperature
of between about 2200 2400°C.  The bars were mamtamed through this temperature

- range for about 4 hours. Sintered bars were rolled to a 20mm x 20mm cross-section and

annealedatatelnpmmreoflmc for a period of about 2 hours. The bars were then

 rolled to 9mm x 9mm and reannealed at 1300°C for an additional 2 hours. As indicated

above, the bars were subsequently drawn through various dies and annealed at a
temperature of about 1300°C. The final wire diameter generated for purposes of the
examples of the present invention is 0.25mm.

Table 1 |

PROPERTIES OF STARTING TANTALUM POWDER
Cl . I ! I o .

C 10 ppm
o 40
H, <s
N,
Others

<25
Not Detected
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+60 Mesh 0

00Mesh 0
s . 1001200 Mesh 188 %
| 20025 Mesh 31,6%

Analytical ASTM test procedures were utilized to dgtcrmine the particlé size (B-214),
grain size (B-112), and tensile strehgth and elongation (E-8), of the doped tantalum base
powder and products of the present invention.

10 | . Example2

The procedure for malnng a tantalum base alloy wire by doping with thoriam oxide was
accomplished by the decomposition of thoriam nitrate into thoriam oxide during
sintering. A solution of thoriam nitrate was mixed with tantalum powder to give about
100 ppm of thoriam by weight. The total weight of the blend was about 50 pounds.

1S  The physical and chemical properties of the stanmg tantalum powder are presented in
Table 1 a.bove

The blended powder was cold isostatically pressed into two bars at 60,000 psi with each
bar weighing about 22 pounds. The cross-section of the bar was about 41mm x 41mm.
Bars were vacuum sintered by direct resistance sintering at temperatures of

20  approximately 2200 to 2400°C. The bars were maintained at this temperature for about
4 hours.

Sintered bars were processed into wire by the procedure presented in Example 1.
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- Example 3

:;;_Tantalum powder was blended with sxhoon and yttnum oxxde powders (nominal pamele "
: _sxze < 200 mesh) to obtam a nommal composmon of 400 parts per million of sthcon |
' and 100 parts per million of yttrium oxide by welght in predomma.ntly tantalum powder

. Blendmg was accomphshed in about 2 minutes in a twin cone blender. The total welght

of the blend was about 50 pounds. The physical and chemical properties of smrtmg

tantalum powder are presented in Table 1.

The blended powder was processed into bars and then wire by the procedure of Example
1. |

Ezamnk_é .

Tantalum powder was blended with silicon powder (nominal particle size < 200 mesh)
to obtain a nominal composition of 400 parts per million of silicon weight in
predominantly tantalum powder. Blending was accomplished in about 2 minutes in a
twin cone blen_der. The total weight of fhe blend was about 50 pounds. The physical
and chemical properties of starting tantalum powder are presented in Table 1.

The blended powder was processed into bars and then wire ny the procedure of
Example 3.

Polishing and etching of wire samples produced by the procedures of Examples 1 to 4
was performed in accordance with commercially accepted procedures known in the art.

The microstructure of wire produced by Example 1, together with those of wires from
Examples 2, 3 and 4, is shown in Figure 1. Wire doped with the combination of yttrium
nitride and silicon exhibits full recrystallized yet fine particles. In contrast, wire made
from tantalum doped with yttrium oxide and silicon exhibits less than full recrystallized

particles. Table 2 gives the grain-size, mechanical and chemical properties of wires

heet Has Been Re[‘laced
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Exampla 1
Grain Size

in micrometérs 2.8

Mechanical Strength
Tensile Strength 87.1
(KSD

Yield Strength 67.7
(KSD

Elongation (%) 24.8
gh =mi : l c ...

(in ppm) : .
Si 225
Y 30
Th -

c : 45
N, 45
0, 190
Others " None

-13 -

73.4
54.2
23.8

80
45
s
145

None

™ Not fully recrystallized (NFR)
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form Examples 1, 2, 3 and 4 ngh strength and ducuhty of the wire from Example 1 _

74.1
53.2
24.6

250

50
10
75

None
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| eres from Examples 1t0 4 were preesed into tannlum powder, sintered under vacuum,

and tested for bend-ducuhty in accordance thh the test procedure presented below.

' Threesmtenngcyclecwereused Intheﬁrstcycle the furnace was evacuated and the

tempexature was raised to 1670°C for 30 minutes and thea shut-off. The second cycle
is the same as the first cycle except that the furnace was back-filled with argon after the
evacuation, reevacuated, and then the temperature was raised to 1670°C and, after 30
minutes, the furnace was shut off. The third cycle is the same as the first except that
wire/powder assemblies were reheated for 2 minutes at 1670°C.

It should be noted that all three sintering cycles simulate industrial practices and should
befammartothoseshlledmtheart.

Procedure for Bend Test:

The bend-ductility of the sintered wire is determined by securing a sintered anode
preformed with one inch wire embedded therein. A 54 gm dead weight is attached to
the lead extremity. ‘The anode is then pivoted through a 180 degree arc causing the wire
10 bend at the juncture with the anode. For purposes of the present invention, one bend
is defined as the complete pivoting of the anode through a 90 degree arc and returning
to the starting position. The number of bends are counted. Ten anodes are tested and
the bend ductility is average on the basis of ten runs.

Table 3 compares the bend-ductility of wire formed by the procedures set forth in
Examples 1 to 4. The wire produced according to the procedure of Example 1) exhibits
has 57% improvement in comparison with tantalum wire doped with silicon and yttrium
oxide after 30 minutes of sintering followed by an additional two minutes.

_— [ —
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- Examplé- - i e 3 s

. Blend Compositions 100 YN + 100ThO, - 100Y,0,+ 400 Si
| (in ppm) : 400 Si 400 Si :
‘Thermal Cycle - - ' .
1670°C/30 min 42 0.5 . 4 4
1670°C/30 min :
after purging - - - 3.5 0.1 2.9 2.2
with Argon '
and Re-evacuation
Re-evacuation .
.1670°C/30 min | .- :.
+ 2 min | 2.2 0.1 1.4 0.9
Example 6

Composition of Examples 1, 2, 3 and 4 were also processed into 9mm x 9mm annealed
bars which were rolled into 0.38mm thick sheets. The sheets were annealed at various
temperatures to demonstrate the high temperature stability of composition of Example .
1. Samples were polished and etched prior to evaluation and taking of the
photomicrographs illustrated in Figure 3. Table 4 compares the gram-swes of sheets
produced by the Examples listed.

. ”". is Sheet Has Been R
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"Example' I U T 4

' Blend Composiion 100 YN + 100ThO,  100Y,0,  400Si
- (in ppm) : -_4005i 400 Si '
" Annealed at | | : | -
1500°C/2hr/Vac 11 22 140 16
Annealed at - '
1650°C12hrlvac 14 26 17 25
Anneal at:

1800°C/2hr/Vac - 22 135 27 57

® NFR = Not Fully Recrystalized

Example 7

Sheets of compositions produced by the procedure of Examples 1 (400Si + 100YN) and
3 (400Si + 100Y,0,) were evaluated via electron microscopy after annealing at 1500°C.
Discs were cut to about 250 micrometeﬁ in thickness using a slow speed diamond saw.
The discs were then ion milled to a thickness of 50-100 micrometers and then
electropolished in a 90% H,SO, + 10% HF solution until they developed

" microperforations.  Diffraction patterns of lattices of samples of compositions of '

Example 1 (400Si + 100YN) and Example 3 (400Si + 100Y,0;) were also taken as
illustrated in Figures 4 and 5. The electron microscopy was performed in the vicinity
of the perforations as illustrated in Figure 6. Scanning electron micrographs in the
vicinity ‘of micro-perforations demonstrate the size of yttrium oxide precipitatés in
comparison with yttrium nitride. Preclpxtata are visible as bright areas. The size of

precipitate in the sample of composmon of Example 1 (40081 + lOOYN) is about 0.7

This Sheet Has Been RTlaced
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x 0.9 micrometers and the s_ize of precipitate in the sample of composition of Example

3 (400Si + 100Y,0,) is about 1.2 x 3 micrometers.

10

Example 8

| '.Powders of tanmlum, silicon, yttnurn mtnde and yttnum oxxde were prepared from
. matenals made by the procedure of Exa.mples 1 and 3 and were blended in the following
propomon .

Blend-Composition
Ta + 10%YN + 40%Si
Ta + 10%Y,0, + 40%Si

The relative amounts of silicon and yttrium nitride, and yttrium oxide were similar to
those used in Examples 1 and 3. Blends were heated at 1300°C for two hours under
vacuum and evaluated via x-ray diffraction. As illustrated in Table 5 below, the blend
containing the composition of yttrium nitride and silicon showed the presence of yttrium
silicide, while the yttrium oxide and silicon blend did not. |

i i
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TABLE 5

Identification of Yttrium Silicide and Yttrium Silicate by

X-Ray Diffraction (XRD)

Ta + 10% YN + 40% Si

.Composition
Heated At

XRD of Sample

- din A 1

4.1315 14
3.496 100
2.568 46
2.386 15
2,243 85
2.186 16
2.068 39
1.931 63
1.613 7
1.564 6
1.522 26
1.503 2 .
1.411 17
1.379 4
1.351 34
1.272 18
1.252 7

1300° C

Known Pattem for Y Si;

din A

4.13
3.5
2.57
2.389
2.246
2.187
2.07
1.932
1.615
1.565
1.525
1.505
1.413
1.38
1.353
1.273
1.252

1

18
88
53
16
84
26
31
57
8.8
53
18
2

16

35
18
16
3.3

Ti + 10%Y203+4%Sl

1300° C

XRD of Sample

dinA

6.11

5.89

3.891
3.66

3.504
3.324

3.132
3.022

2.94

2.907
2.806
2.648
2.592

251N

2.429
2.246
2.188
2.032

1.987

1.852
1.523

[
L~

* Known Patiern

6.11 . 0.77
589 - LS
39 - 69
3.66 046
v 355 | 6.2
- 3.36 . 0.46
314 13
303 713
2945 5S4
2906 @ 7.7
286 = 046
2611 - 0.7
259 046
- 2.55 .. 4.6
243 19
‘2,249 0.77
2203 .27
2032 046
1987 - 0.46
‘1.852 0.62

1517 1.2

-81-.
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| Bars having a diarheter of 6mm and having the compositions listed in Table 6 were.
" produced aocordmg to the procedure of Example 1. Annealed bars at intermediate stage
) of 9mm x 9mm were drawn through vanous dies endmg up with 6mm diameter. Bars
5 were. anneuled at 1300°C and tested for mechanical properties. The synergistic effects
of yttnum nitride and silicon on the mechanical properties of the bars is evident from

the data presented below. :

TABLE 6 _
: EROPERTIES OF 6émm DIAMETER TANTALUM BARS

10  Blend Composition No Additive 400S8i 100YN  400si 400Si

(in ppm) - (pure Ta) : 100YN  500YN
Anneaied_at
1300°C/2hr/vac
. Y.S.@in KSI) 36.7 39.6 40.2 53.7 52.9
15 T.S.(in KSD) 53.8 58.3 58.2 73.4 72.1
Hardness _ B '
(DPH) 110 118 114 130 130

Those of ordinary skill in the art will recognize that many changes and modifications can
be made in the above description without departing from the spirit of the invention.

—
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l A wrought metal alloy pmduct compnsxng, a tantalum or mobxum base metal a
- quantity of sxhoon between about 10 to about 1000 ppm, a quanmy between about 10 to
_' about 1000 ppm ofa dopant oompnsmg a metalhc and a non-metallic component said

dopant havxng a free energy of formanon greater than compounds formed from saxd base
metal and said non-metallic component and less than oxides of said metallic component.

2. The wrooght' metal alloy product of claim 1 wherein saxd non-metallic component is

.selected from the group consisting of nitrogen, sulfur, selenium, tellurium, arsenic,
. antimony, carbon, phosphorous, and boron.

3. The wrought metal alioy product of Claim 1 wherein said dopant is yttrium nitride.

4. The wrought metal ailoy of Claim 1 wherein said alloy maintains a fine uniform
grain size after exposure to elevated temperatures of greater than 1300°C.

5. The wrought metal alloy product of Claim 1 wherein said product has a ductility of

about 20% after exposure to elevated temperatures of greater than 1300°C.

6. The wrought metal alloy product of Claim 1 wherein said product comprises a
silicide of said metallic component of said dopant dispersed in a base metal matrix.

7. The wrought metal alloy product of Claim 4 wherein said fine grain size is from
about 2 to about 30 microns. '

8. The metal alloyproductof Claim 7 wherein saxdproducthas abend-ductxhty of
about4afterexposnretotemperamreofgreatenhanl$00°c

9. A wrought metal alloy product ‘comprising a tantalum or niobium base metal, said
base metal doped with a quannty of silicon ranging from about 10 ppm to about 1000
ppm and a quantity of yttnum nitride ranging from about 10 to about 1000 ppm.

* This Sheet Has Been Replaced
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10 The wrought metal alloy product of Claim 9 wherein satd alloy maintains a fine
umform gram stze aﬁer exposure to elevated temperatures of greeter than 1300°C.

ll The wrought metal alloy product of Claim 10 wherern said fine grain size is from_ '
about 2 to about 30 microns. SR :

12 The wrought metal alloy product of Claim 10 wherem said product has a ductthty
of about 20% after exposure to elevated temperatures of greater than 1300°C

" 13. The wrought metal alloy product of Claim 12 wherein said product comprises

yttnum silicide dtspersed in a base metal matrix,

14. The metal alloy product of Claim 12 wherein said product has a bend-ductility of

. about 4 after exposure to temperatire of greater than 1500°C.

15. In a wrought metal alloy product, the combination of tantalum or niobium metal with

about 10 to about 1000 ppm silicon, and about 10 to about 1000 ppm yttrium nitride,
said metal alloy having a fine grain size of about 2 microns to about 30 microns.

16. The wrought metal alloy product of Claim 15 wherein said product has a ductility
of about 20% after exposure to elevated temperatures of greater than 1300°C.

17. The metal alloy product of Claim 15 wherein said product has a bend-ductility of

*about 4 after exposure to temperature of greater than 1500°C.,

18. The wrought metal alloy product of Claim 17 wherein said product comprises
yttrium silicide dispersed in a base metal matrix.

19. The wrought metal alioy product of Claim 18 wherein said tantalum base metal has
a level of impurities of less than 50 ppm carbon and less than 300 ppm O;.

heet Has Been Reilaced
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20.Ina wrought metal alloy product, the combmauon of tanmlum or mobrum metal with
about 100 to about 500 ppm silicon and about 100 to about 500 ppm yttnum mtnde, said

. metal alloy havmg a fine ‘uniform gram sme of about 2 mrerons to about 30 mrcrons | _

10

15

20

after exposure to elevated temperaturee

21. The wrought metal alloy product of Clatm 20 wherem said product has a ductility
~ of about 20% after exposure 0 elevated tempemtures of greater than 1300°C

22. In a metal al_lo_y_wire, the combination of tanta.lurn_base metal with about 100 to

“about 400 ppm silicon and about 100 to about 400 ppm yttrium nitride, said tantalum

base metal havirtg a level of impurities of less than 50 ppm carbon and less than 300
ppm O,. |

- 23. The metal alloy wire of Claim 22 wherein said wire maintains a fine uniform grain

size after exposure to elevated temperatures of greater than 1300°C.

24. The metal alloy wire of Claim 23 wherein said fine grain size is from about 2 to
about 30 microns. '

25. The metal alloy wire of Claim 24 wherein said wire has a ductility of about 20%

after exposure to elevated temperatures of greater than 1300°C.

26. The metal alloy wire of Claim 25 wherein said product comprises yttrium silicide
dispersed in a base
metal matrix.

27. The metal alloy wire of Claim 26 wherein said wire has a bend-ductility of about 4
after exposure to temperature of greater than 1500°C.
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