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ABSTRACT: The method of joining members of copper and 
tungsten and members of copper and corrosion- and/or tem 
perature-resistant nickel-base alloys in the practice of which a 
mass of titanium is interposed between the members and the 
joint is heated to produce a eutectic of copper and titanium 
and then permitted to solidify. 
The like method for joining members of niobium and alu 

minum oxide in which a mass of nickel and titanium or of 
titanium alone are interposed between the members. 

Brazed assemblies produced by the methods. 
A high-temperature-resistant vacuum seal of niobium and 

aluminum oxide. 
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1 . 
METHOD OF METALSJOINING 

BACKGROUND OF THE INVENTION 
This invention relates to metals joining and has particular 

relationship to the joining by metallurgical seals of materials 
encountered in the producing of electrical generators for re 
gions where commercial power is not available; typically 
remote regions of the earth and outer space. In such genera 
tors the primary source of power is highly radioactive materi 
al. Such sources require massive shielding which, because of 
the heat developed must also be refractory. The shielding 
material commonly used is either wholly or predominately 
composed of tungsten. A suitable shielding material is an alloy 
of 97.6 percent tungsten and 2.4 percent nickel and copper 
which is sold by Kennametal, Inc. under the name KENNER 
TIUM alloy and disclosed in Kennametal leaflet L-502. In 
converting into electricity the heat developed by the radioac 
tive material it is necessary to join the shielding to copper. The 
space in which the copper and tungsten or its alloys are joined 
is, in the generators, highly evacuated. It is an object of this in 
vention to provide a strong, heat-resistant, highly thermally 
conducting joint usable in a high vacuum between a member 
of copper and a member wholly or predominately composed 
of tungsten. . . . . 

In accordance with the teachings of the prior art, members 
of copper and tungsten and its alloys are joined by brazing 
with silver-copper brazing compounds. These brazing com 
pounds have high vapor pressures and are unsuitable for use in 
an evacuated space. 

It is an object of this invention to overcome the above 
described disadvantages of the prior art and to provide a 
method of producing a metallurgical joint or seal between 
members predominately or wholly of tungsten and of copper 
which shall not have high vapor pressure and also to produce a 
brazed assembly of such members which shall not have high 
vapor pressure. 

In certain electrical generators in which the heat source is a 
radioactive material the heat is converted into electrical ener 
gy by thermoelectric modules. It is necessary that the heat be 
transferred from the radioactive capsule to the hot junction of 
the thermoelectric elements of the modules through a highly 
thermally conducting member which is electrically insulating. 
The metallic parts, for example the pressuretight container, of 
the thermoelectric module is, in some generators, composed 
of HASTELLOY C, X or B alloys to achieve corrosion re 
sistance, and a maximum of strength while minimizing bypass 
heat flow to the cold junctions of the modules. X 
HASTELLOY C, X and B are sold by Union Carbide Cor 

poration and are described in Union Carbide Corporation 
leaflets F30,037D of Oct. 1964 and F30, 107C of June 1963 
and also in the table on page 173 of the 1965 issue of Materi 
als Design Engineering-Materials Section. These alloys have 
substantially the following compositions in percent: 

Eastelloy Eastelloy Hastelloy 
C X B 

54 47 61 
6 9 28 

15, 5 22 1. 
5 8 5 
4. 0.6 ------------ 

2.5 1.5 2.5 
0.08 0.1 0.05 
2.92 , 8 2,45 

The highly thermally conducting member is interposed 
between the container and the hot junctions and the heat is 
transferred from the container through a copper plate on the 
member. In producing generators with a radioactive source it 
is necessary to produce a seal between the HASTELLOY 
nickel alloys and copper and it is an object of this invention to 
provide a method for producing such a seal and also to pro 
vide brazed assemblies of members of the above tabulated al 
loys and copper. 
Some generators with a radioactive source require that an 

electrical connection be established through a vacuum seal all 
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or part of which is located in regions of the generators which 
are at a high temperature. The prior art seals between iron 
nickel-cobalt (KOVAR alloy) and borosilicate glass and re 
lated seals do not lend themselves to use in this service 
because the temperature of the regions in which the seals are 
located are substantially higher than the temperature that 
such prior art seals can withstand. It is an object of this inven 
tion to overcome these disadvantages of the prior art and to 
provide a high-temperature-resistant vacuum seal and a 
method of producing such a seal. 

SUMMARY OF THE INVENTION 
This invention in one of its aspects arises from the discovery 

that the eutectic of titanium and copper wets, and adheres to a 
surface of tungsten or predominately tungsten. In accordance 
with this invention a seal is provided between a member of 
copper and a member wholly or predominately of tungsten by 
interposing a thin mass of titanium between the members of 
form a joint of the members and the mass and by heating this 
joint in a vacuum to a temperature at which the joint liquifies 
and thereafter cooling the joint to room temperature to solidi 
fy the joint. The mass is preferably a thin shim of titanium but 
may be a wire or even a powder of titanium. Copper titanium 
eutectic has a temperature of about 870° C. Typically, the 
joint is heated to 900 C. and the liquid produced maintained 
above this temperature (950° C.) for about 1 minute and then 
cooled slowly (typically in about 2 hours) to room tempera 
ture. A high-temperature-resistant, highly thermally conduct 
ing, low-vapor-pressure joint or seal is produced in this way. 
Another aspect of this invention arises from the discovery. 

that the copper-titanium eutectic also wets, and adheres to the 
above tabulated HASTELLOYC, X and B nickel alloys. In ac 
cordance with this aspect of this invention a thin titanium 
mass is interposed between members of the nickel alloys and 
copper to form a joint and the joint is heated in a vacuum to a 
temperature at which it liquifies and thereafter is permitted to 
solidify to form a seal. This seal is included in the highly ther 
mally conducting electrically insulating member. 
A further aspect of this invention arises from the discovery 

that niobium and the insulator aluminum oxide (A10) sold 
under the name LUCALOX have thermal coefficients of ex 
pansion which closely match over a wide range of tempera 
tures extending, at the high-temperature end of the range, well 
into the temperatures demanded by the generators with 
radioactive source. It has also been discovered that nickel 
titanium and nickel-niobium eutectics not only wet, and ad 
here to, aluminum oxide but also wet and adhere to niobium. 
In accordance with this invention a vacuum seal is provided 
for an electrically insulated electrical conductor which in 
cludes an insulator of aluminum oxide sealed to niobium and 
which is capable of remaining vacuum-tight at the high tem 
perature at which the generators having a radioactive heat 
source operate. This seal includes a member of niobium and a 
member of aluminum oxide sealed by a eutectic of nickel and 
titanium. In producing this seal a thin mass of nickel and 
titanium is interposed between the members, or positioned so 
that the eutectic flows by capillarity between the members, 
and the joint thus formed is heated in a vacuum or other non 
reactive atmosphere to a temperature at which it becomes 
liquid and then solidified. The mass may be in the form of 
shims of nickel and titanium interposed between the members 
or a wire or powders. Instead of interposing the thin mass 
between the members, the mass may be placed on the ends of 
the members over the joint between them so that the liquid 
formed flows into the joint by capillarity. Wires of nickel and 
titanium may be entwined or braided. The relationship of the 
shims, wires or powders should be such that the weight of the 
nickel is appropriately related to the weight of titanium. The 
nickel-titanium eutectic requires 66.2 percent nickel and the 
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remainder titanium. The nickel-titanium eutectic is formed at 
about 1,118 C. and for this eutectic the joint should be heated 
to about 1,125 C. The vacuum tight assembly thus produced 
can withstand high temperatures and has low vapor pressure. 
In addition, it is resistant to corrosive vapors and liquids; for 
example, to a alkali metals such as cesium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of this invention, both as to its 10 
organization and as to its method of operation, together with 
additional objects and advantages thereof, reference is made 
to the following description taken in connection with the ac 
companying drawings, in which: 

FIG. 1 is a diagrammatic view presented as a view in lon- 15 
gitudinal section showing apparatus for practicing this inven 
tion; 

FIG. 2 is a fragmental view in section showing an electri 
cally insulating assembly for effectively transferring heat from 
a member of the above-described nickel alloys; 2O 

FIG. 3 is a fragmental view in section showing a high-tem 
perature-resistant vacuum seal including a niobium and alu 
minum oxide joint; 

FIGS. 3A and 3B are fragmental views in section similar to 
FIG. 3 showing modifications of the invention shown in FIG. 25 
3; and 

FIGS. 4, 5, 6 and 7 are photomicrographs of two tungsten 
alloy-copper joints, a nickel-alloy-copper joint, and a niobi 
um-aluminum-oxide joint. 

DESCRIPTION OF PREFERRED EMBODIMENT 

The apparatus shown in FIG. 1 includes a closed container 
11 having one or plurality of connections 13 for evacuation by 
a pumping system (not shown). Within the container there is a 35 
heating coil 15 which may be supplied from a source of high 
frequency power (not shown). Within the coil there is a 
susceptor 17 of tantalum or other suitable material. The work 
19 to be joined is mounted within the susceptor. 
Typically the work 19 may include a cylinder 21 of KEN- 40 

NERTIUM tungsten alloy and a cylinder 23 of copper. A thin 
mass 25 of titanium is interposed between the cylinders 21 and 
23. The purpose of the susceptor 17 is to provide even heating 
of the workpiece 19 and to eliminate high-temperature spots 
on the work by reason of directly induced currents from the 45 
field of coil 15 into the work. 

In the practice of this invention the chamber 11 is evacu 
ated to low pressure, for example of the order of 10 Torr. 
The coil 15 is then energized heating the susceptor 17 to a 
high temperature. The radiation from the susceptor 17 heats 50 
the joint including the titanium mass to a temperature at 
which it produces a copper-titanium eutectic and becomes 
liquid. The joint is then permitted to solidify. The resulting 
structure is a brazed assembly of copper and tungsten alloy 
which is strong, high-temperature-resistant, highly heat-con- 55 
ducting and has low vapor pressure. 

EXAMPLE 

A sus 21 of KENNERTIUM alloy approximately 0.75 
inches in diameter and two inches in length was placed within 
the susceptor 17 in the container 11. On top of this slug 21 was 
placed a 0.0002-inch shim 25 of pure titanium of approxi 
mately the same diameter as the tungsten alloy. Then a copper 
slug 23 0.5 inches in length and of the same diameter as the 6s 
tungsten was placed on the top of both. 
The container 11 was pumped down to a pressure 5X10' 

Torr. The chromel-alumel thermocouple (not shown) was at 
tached to the tungsten slug 21 to measure temperature. 

It was observed that at approximately 900° C. the titanium 70 
shim 25 melted and formed a fillet around the slug 21. The as 
sembly was then maintained at about 950° C. for approximate 
ly one minute and then allowed to cool to room temperature 
in about two hours. A satisfactory brazed assembly was thus 
formed. A photomicrograph, at 100 magnification, of this 75 
joint is shown in FIG. 4. 

30 

4 
EXAMPLE II 

The same procedure was followed using a 0.002 inch thick 
shim 25 of titanium and the results were also satisfactory. A 
photomicrograph, at 100 magnification, of this joint is shown 
in FIG.S. , 
FIG. 2 shows a highly thermally conducting electrically in 

sulating member 30 sealed to a container 31 of one of the 
HASTELLOY nickel alloys. The member 30 includes a 
copper plate 33 which is sealed to the container 31. To pro 
vide the seal 35 a thin mass of titanium is interposed between 
the container 31 and the plate 33 and the resulting joint is 
heated (to about 950 C.) in a vacuum or other nonreactive 
atmosphere to liquefy the metal and form the joint 35. 
Thereafter the liquid metal is cooled slowly and solidified. 
FIG. 6 shows a photomicrograph, at 100 magnification, of a 
seal produced in this manner between HASTELLOY-C 
nickel-alloy and copper. 
A plate 39 of aluminum oxide is sealed to the copper plate 

33 typically by copper-titanium eutectic produced by inter 
posing a shim of titanium between the plate 39 and the tube 33 
and liquefying (in a nonreactive atmosphere) and then solidi 
fying. A conductor 41 of copper to conduct heat to the hot 
junction of a thermoelectric element (not shown) is sealed to 
the aluminum oxide plate 39 by another copper-titanium seal 
43. 
The seal shown in FIG. 3 includes a container 51 which may 

be composed of titanium. The container 51 has an opening 
through which a grommet 53 of niobium is sealed. The grom 
met 53 is of thin sheet (for example 0.005 to 0.010 inches 
thickness). The seal 55 may be effected by a nickel-titanium 
eutectic. For this purpose, shims of nickel are interposed 
between the grommet 53 and the shoulder of the container 51 
and the joint thus formed is heated in a nonreactive at 
mosphere (to a temperature of about 1125 C.) to liquefy the 
metal. The joint is then permitted to solidify. A tube 56 of alu 
minum oxide is sealed through the grommet 53. The seal 57 is 
produced by interposing shims of nickel and titanium between 
the members 56 and 53 and heating until the joint is liquefied 
and then cooling to solidify the joint. FIG. 7 is a photomicro 
graph, at 100 magnification, of a seal between niobium and 
aluminum oxide produced with the nickel-titanium eutectic. A 
tantalum feed-through wire 59 is sealed through the aluminum 
oxide tube 56. For this purpose shims of nickel and titanium 
are disposed on the tube 56 and the joint is heated (in a non 
reactive atmosphere) (to a temperature of about 1,1125 C.) 
to liquefy the shims. The liquid flows by capillarity between 
the wire 59 and the tube 56 to produce the seal 61. 

FIG. 3A includes a container 71 of titanium. A tube 75 of 
aluminum oxide is sealed through the titanium. The seal 77 is 
a nickel-titanium eutectic produced by heating a shim of 
nickel around the tube 75 (in a nonreactive atmosphere) to 
liquefy the shim. The liquid flows by capillarity between the 
container and the tube and when solidified forms the seal 77. 
A feed-through conductor 81 of tantalum is sealed through 
the tube 75 as in FIG. 3. 

FIG. 3B shows an annular plate 91 of niobium through 
which a rod 93 of niobium is sealed by electron-beam welding 
or by brazing. A ring 95 of aluminum oxide is sealed to the 
periphery of the plate 91. This seal 97 is produced by interpos 
ing shims of nickel and titanium between the ring 95 and plate 
91 and heating (in a nonreactive atmosphere) (to about 
1,125 C.) to liquefy the shims and then permitting the result 
ing eutectic to solidify. A like seal 99 is produced at the op 
posite surface of the ring 95 to a second annulus 101 of niobi 
um. The annulus 101 may be sealed into a container 103 of 
niobium by welding at the inner periphery of the annulus 101. 

Typically the niobium annulus 91 and the annulus 101 have 
a thickness of about 0.010 inch and an outside diameter of 
about 1%inches. The inside diameters of annuli 91 and 101 
are dimensioned to seal to the rod 93 and container 103. The 
ring 95 has a thickness of about 0.1 inch, an outside diameter 
of 1% inches and a width of about 0.1 inch. The soundness of 
the seal is improved by the flexibility of the thin niobium 
sheet. . . . . . . . . . - - - . . . . . . . . . - - - . . . . 
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While preferred embodiments of this invention have been 
disclosed herein, many modifications thereof are feasible. This 
invention, then, is not to be restricted except insofar as is 
necessitated by the spirit of the prior art. 
We claim as our invention: . . . . . . . . . . -- - - - - - - - - - 

1. The method of forming a metallurgical seal between a 
copper member and a member predominately or wholly of 
tungsten which comprises interposing a thin mass of titanium 
between the said members to form a joint between said mem 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
bers including said mass, disposing said members and mass in 
a nonreactive atmosphere, heating said joint at least to the 
temperature at which the metal at said joint becomes liquid 
and then permitting the said joint to cool to a temperature at 
which the metal at said joint solidifies. 

2. The method of claim 1 wherein the joint is heated to a 
temperature of about 950 C, held at 950 C. For about 1 
minute and then permitted to cool to solidify the metal at the 
joint. 


