
March 17 1964 , J. M. LAFFERTY ETA 12 
ELECTRODES FOR VACUUM CIRCUIT INI'_I‘ERRUPTERS 3, v AND METHOD OF MAKING SAME 

Filed April 11, 1960 

MA TERIALS F/g- / 

METAL A 
Sintered Matrix of V STEPS 

' Refractory Metal 
7 Heat in H2 Atmosphere 

to lmpregnate Metal A 
ME TAL 8 mm Metal 5 

Metal of Good Electrical 
Properties and a Melting Point ' ‘ 
Lower than that of Metal A cool to solidify 

Metal 6 and Form 
Composite Material 

1 i 

Zone Refine the 
~ Composite Material 

MA TER/ALS‘ F/Q- 2 

METAL A S TEPS 
Refractory Metal 

, Heat in H2 Atmosphere 
to .S‘inter and lmpregnate 
Metal A with Metal 6 

METAL B 7 

Metal of Good Electrical 
Properties and a Melting Paint a ‘ 
Lower than that of Meta/A I v Cool m sol/wry 

Metal 5 and Form 
Composite Material . 

, . ‘ 

_ Fig, 4. _ _ ' Zane Re?nethe 

Composite Material 

" I ' Inventors: 

‘James M. Lafferty , e. %/,Y " r/ V 
'_ ‘James 0 Cab/"e 3 ‘ 

r fmmettf?uraer , 

/ 

/ 

PM 
W ‘/////>/ 

The/r Attorney. 



United States Patent ()ffice 3,125,441 
Patented Mar. 17, 1964 

1 

3,125,441 
ELECTRGDES F03 VACUUM CIRCUIT INTER 
RUPTERS AND METHOD OF MAKING SAME 

James M. La?erty, 1202 Hedgewood Lane, Schenectady, 
N.Y.; James D. Cobine, RD. 1, Vischer Ferry, N.Y.; 
and Emmett E. Burger, 609 Plymouth Ave., Schenec 
tady, N.Y. 

Filed Apr. 11, 1950, Ser. No. 21,337 
4 Claims. (Cl. 75-65) 

This invention relates to contacts or electrodes for cir 
cuit interrupters of the vacuum type, and, more particu 
larly, to composite metal contacts for vacuum circuit in 
terrupters wherein the contacts are substantially free from 
gases and gas evolving materials and to the method of 
making such contacts or electrodes. This is a continua 
tion-in-part of our application Serial No. 648,513, ?led 
March 26, 1957, and now abandoned. 

Electrical contacts in circuit interrupters are subject to 
arcing just prior to engagement, or immediately subse 
quent to separation. This arcing is not only extremely 
injurious to the contact in burning, melting, or welding, 
but also presents a serious problem in extinguishing the 
are. One of the many methods employed to minimize 
both the arc formation and th eperiod of time the arc is 
sustained includes contact separation under high vacuum 
conditions. Under ideal conditions in a high vacuum, the 
arc would be sustained for only a very short time. This 
is due in part to the very small quantity of ionizable gas 
remaining in the interrupter under high vacuum condi 
tions so that the arc is sustained primarily by the metal 
which is evaporated from the electrodes themselves. The 
‘contacts, however, may contain substantial impurities, 
such as sorbed and chemically bound gases or gas forming 
materials, which may evolve gas during arcing tending to 
sustain the are for an undesirable length of time. 
The gases released or evolved from contacts under 

vacuum conditions need not be present in gas ‘form in the 
contact material, but may be in the form of carbides, sul 
?des, and oxides. The high energy from the arc causes 
a dissociation and recombination of these materials to 
form gases which are released into the circuit interrupter 
impairing the high vacuum condition there. Thus, it 
may be seen that for optimum performance the contact 
material should be substantially pure, that is, free from 
sorbed and chemically bound gases and gas forming ma 
terials which evolve gases under arcing conditions. 
A .wide range of metals or alloys thereof is available 

from which one may choose a particular combination to 
gether with a process for combining the metals to result 
in a suitable contact material for a given set of conditions. 
It has been found that, for contacts operating under high 
vacuum conditions, a substantially pure refractory metal 
utilized as a porous body or matrix ?lled with a substan 
tially pure metal ofgood electrical properties, and with 
the combination essentially free from impurities, presents 
a favorable solution to the arc problem. Heretofore, one 
of the methods of producing such contacts included form 
ing a porous and sintered body of a refractory metal, 
placing the porous body adjacent a piece of copper or 
other metal of good electrical conducting properties and 
a melting point lower than that of the refractory metal, 
and then heating the two bodies in a furnace to a temper 
ature above the melting point of the lower melting metal, 
to permit the sintered body to absorb the molten metal by 
capillary action. While this method produces a com 
posite metal electrode of high purity for many applica 
tions, it does not perform satisfactorily for use in circuit 
interrupters of the vacuum type where a substantially 
higher purity from gas forming elements is necessary in 
order to minimize and suppress the arc. 

Accordingly, it is an object of this invention to provide 
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2 
an improved process for forming composite metal con 
tacts, wherein the combination of metals is substantially 
free from gases and gas forming elements. 

It is a further object of this invention to provide a 
high purity composite metal electrode which will maintain 
its high purity after prolonged exposure to atmospheric 
conditions. 

It is another object of this invention to provide vacuum 
switch contacts which are resistant to prolonged arcing 
and evolve substantially no gases under arcing condi 
tions. 

It is yet another object of this invention to provide a 
substantially pure composite metal contact by a zone re 
?ning method. 
The features of our invention which we believe to be 

novel are set forth with particularly in the appended 
claims. Our invention itself, however, both as to its or 
ganization and method of operation, together with fur 
ther objects and advantages thereof, may best be under 
stood by reference to the following description taken in 
connection with the accompanying drawing in which: 

FIG. 1 is a flow diagram of one illustrative example 
of the method of this invention; 
FIG. 2 is a flow diagram of another illustrative example 

of the method of this invention; 
FIG. 3 is an enlarged fragmentary view in side eleva 

tion of one of the electrodes of this invention; and 
FIG. 4 is a very greatly enlarged fragmentary view 

through section 4-4 of FIG. 3. 
Briefly described, in accordance with one aspect of this 

invention, a porous or sintered body of a refractory met 
a1 together with a metal of good electrical conducting 
properties and a melting point lower than that of the re 
fractory metal, such as copper, silver, aluminum, and the 
like, undergoes a cleaning process by being subjected to 
elevated temperatures in a reducing atmosphere. There 
after, the temperature is increased above that of the melt 
ing point of the lower melting metal which melts and is 
absorbed into the pores of the sintered body forming a 
composite electrode material. The process includes zone 
re?ning the composite material so formed, which in com 
bination with the cleaning step, produces an electrode 
material substantially free from impurities such as sorbed 
or chemically bound gases or gas forming materials which 
tend to contribute both to are formation and the length 
of time the arc is sustained. 
The concept of utilizing electrodes for vacuum circuit 

interrupters which are formed of “zone re?ned” metals 
or alloys per se is not our invention but is the invention 
of M. H. Hebb and is disclosed and claimed in applica 
tion Serial No. 854,392, ?led November 20, 1959, and 
assigned to the assignee of the present application, which 
invention was made by the said M. H. Hebb prior to 
our invention. We, therefore, do not herein claim any 
thing shown or described in said Hebb application, which 
is to be regarded as prior art with respect to this appli 
cation. 

While it is to be understood that various combinations 
of metals may be employed, a preferred form of this in 
vention includes tungsten, molybdenum, or other refrac 
tory metals, together with another metal of good electri 
cal conducting properties, such as copper, silver, alumi 
num, or other high vapor pressure metals. By way of 
example, a refractory metal and copper will hereinafter 
be described for explanatory purposes. 
A method of producing the sintered or porous metal 

body and one which gives good results in this invention 
includes forming a suitably shaped body from a metal 
powder by compression, and then sintering the body in 
a hydrogen atmosphere at a temperature sufficient to pro 
duce a sinter-bonded body. Such a body contains cavi 
ties, ?ssures, or interstices of substantially continuous 
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form which may be ?lled with a liquid or molten metal. 
The porous body produced from the heretofore described 
process is placed adjacent a strip of copper and the tem 
perature of the hydrogen furnace is increased to above 
the melting point of the copper. The molten copper 
?ows into the pores of the sintered body or is absorbed 
thereby by capillary action to form a composite electrode 
material which is then allowed to cool. 

While a preferred form of this invention includes the 
placing of a relatively ?at piece of copper under the por 
ous body, as shown by the flow diagram of FIG. 1, this 
invention contemplates placing the copper in the furnace 
While the porous body is being sintered and then per 
mitting the sintered body to absorb the copper which 
may be in the molten state at sintering temperatures such 
as shown by the ?ow diagram in FIG. 2. Alternatively, 
the absorption may take place by pouring the copper 
over the sintered body, by submerging the sintered body 
in the copper or by like processes. 
The ?nished copper impregnated sintered body is rela 

tively free from impurities but there still remains a quan 
tity of impurities together with sorbed and chemically 
bound gases or gas forming materials in both the copper 
and the sintered body which contribute to the evolution 
of an undesirable quantity of gas which causes the arc 
to be sustained for too long a period of time. It should 
be noted that the sintered body may not only be removed 
from the hydrogen atmosphere furnace for storage, but 
also may be purchased or otherwise acquired originally 
in sintered form. Under these conditions the quantity 
of undesirable impurities is greatly increased in the sin 
tered body and is basically present in the impregnating 
metal. Accordingly, the impregnated body is subjected 
to a zone re?ning process for the removal of both sorbed 
and chemically bound gases and gas forming impurities 
from the impregnating metal, and to a great extent from 
the sintered body also. 
Zone re?ning has been used primarily to purify semi 

conductors such as germanium. As so utilized, appara 
tus is provided for melting one or more narrow zones of 
a body of semiconductor and causing these zones to tra 
verse the body from one end to the other. In the spe 
ci?c case of impurities in the semiconductor which are 
more soluble in the liquid than in the solid phase, the 
impurities are segregated into the molten zone and de— 
posited at the end of the bar when the zone is ?nally 
frozen. The usual electrically signi?cant impurities in 
germanium, for example, are generally more soluble in 
the liquid phase than in the solid phase, having segrega 
tion coe?icients less than unity, so that the molten zone 
becomes impurity-rich as it traverses the body. 
A variation of this technique has also been used in 

forming N-P and N-P-N junctions and for controlling 
and adding particular elements to affect the conductivity 
of the semiconductor. 

In addition, another variation of this technique pro 
vided for “gas doping” of semiconductors. By zone 
melting in a preselected atmosphere of gases containing 
electrically signi?cant elements, these gases were incor 
porated into the solid semiconductor. This has been per 
formed with such gases as diborane and pentaborane, for 
example. 

Accordingly, it was known that gases could be added 
to a solid semiconductor by the zone re?ning technique 
and also that certain signi?cant impurities could be re 
moved, added or made to have substantially uniform con 
centration throughout the semiconductor. 

In the method of this invention, however, the body of 
composite electrode material, comprising a porous sin 
tered refractory metal body impregnated with a metal of 
good electrical conducting characteristics and a melting 
point lower than that of the refractory metal, is subjected 
to a zone-re?ning treatment and substantially all sorbed 
gas and gas forming materials are removed providing an 
electrode for vacuum circuit interrupters which evolves 
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substantially no gases under arcing conditions. The good 
electrically conductive material is, therefore, puri?ed in 
situ, making further processing, with possible attendant 
contamination, unnecessary. 

In the zone-re?ning treatment the narrow zone may 
be melted, for example, by an encircling electric coil or 
other suitable heating means which melts only a narrow 
region or “zone” of the impregnating metal of the com 
posite electrode body. The coil is thereafter moved to 
an adjacent portion of the body while the previously 
molten portion is allowed to freeze. A narrow molten 
Zone of the impregnating metal thus traverses the com 
posite body from one end to the other. This process re 
sults in the impurities being moved to one end or portion 
of the body which is subsequently removed. It may be 
seen that either the coil or the body may be moved and 
the process repeated until the desired purity is reached. 
A composite electrode may also be obtained by the 

above process by ?rst forming a body of refractory mate 
rial having longitudinal holes therein which are formed 
by extrusion or other well-known processes. The body 
is then sintered and the holes ?lled with a metal of good 
electrical conducting properties and melting point lower 
than that of the refractory material by casting the metal 
into the holes. The composite body so formed is then 
subjected to zone re?ning and cut into sections for elec 
trical contact applications. 

Alternatively, the metal of good electrical conducting 
characteristics is cast about a refractory, as for example, 
tungsten or molybdenum body and the composite body 
then subjected to zone re?ning to remove impurities in 
the cast metal and adjacent thereto. 

It is apparent, therefore, that this invention provides a 
sintered refractory metal body impregnated with a metal 
of good electrical conducting properties, and being sub 
stantially free from sorbed 0nd chemically bound gases 
and gas forming materials through the employment of 
zone re?ning. 
The process described provides contacts particularly 

suitable for vacuum switch operation and which essen 
tially do not evolve gases when subjected to arcing con 
ditions. Furthermore, such contacts may also undergo 
prolonged exposure to atmospheric conditions without a 
high degree of deterioration of their arc minimizing capa 
bilities. 
The following is given as an example and not by way 

of limitation of the process employed in this invention. 

Example 
A long bar of tungsten approximately 1 inch by 1 inch 

by 12 inches was pressed from powder and sintered in 
a hydrogen atmosphere at a temperature of 1600° C. to 
make the compact hold together. Copper in the form of 
a flat strip was then placed under the sintered bar and the 
two heated in a hydrogen atmosphere, again at a tempera 
ture just above the melting point of the copper. The cop 
per was absorbed by the bar ?lling all the small capillary 
pores. The ?lled bar was then placed in a zone melting 
furnace and heated so that the hot zones were above the 
melting point of the copper, and the entrapped gases and 
impurities were moved to one end of the bar which was 
subsequently removed. This composite body was found 
to be satisfactorily free from sorbed or chemically bound 
gases and gas forming elements which evolve gases under 
arcing conditions. 
While other modi?cations of this invention may be em 

ployed without a departure from the scope thereof, the 
invention is intended to include all such as may be em 
braced within the following claims. 
What We claim as new and desire to secure by Letters 

Patent of the United States is: 
l. The method of producing a high purity composite 

electrode metal which evolves substantially no gases when 
subjected to arcing conditions comprising: providing a 
matrix of sintered refractory metal, said matrix having 
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substantially continuous openings therethrough; heating 
said matrix in a reducing atmosphere and simultaneously 
impregnating said matrix with a metal having good 
electrical conducting characteristics, a melting point lower 
than that of said refractory metal, a vapor pressure higher 
than the vapor pressure of said refractory metal and 
capable of being absorbed into the openings of said 
matrix; cooling the composite body so formed to solidify 
the impregnating metal; and subjecting said composite 
body to a zone re?ning process wherein a narrow molten 
Zone of the impregnating metal traverses said body to 
remove sorbed and chemically bound gases and gas form 
ing compounds which cause the evolution of gas when 
said composite electrode metal is subjected to arcing con 
ditions. 
2. The method of producing a high purity composite elec 

trode which evolves substantially no gases when subjected 
to arcing conditions comprising: providing a formed matrix 
of pressed refractory metal powder; sintering said matrix 
in a reducing atmosphere at a temperature sut?cient to 
form a stable compact which has substantially continuous 
interstices therethrough; impregnating said matrix during 
sintering with a metal having a vapor pressure higher 
than the vapor pressure of said refractory metal, good 
electrical conducting characteristics, a melting point lower 
than that of said refractory metal and capable of being 
absorbed into the interstices of said matrix by capillary 
action; cooling the composite body so formed to solidify 
said impregnating metal; and subjecting said composite 
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body to a zone re?ning process wherein a narrow cross 
sectional area of said impregnating metal is remelted and 
caused to traverse said body to remove sorbed and chem 
ically bound gases and gas forming compounds which 
cause the evolution of gas when said composite electrode 
is subjected to arcing conditions. 

3. The method of claim 1 wherein said matrix is heated 
in a hydrogen atmosphere and the Zone re?ning process 
includes the steps of heating a narrow portion of the 
composite body above the melting temperature of the 
impregnating metal; heating an adjacent narrow portion 
of said body above the melting temperature of the im 
pregnating metal while concurrently permitting the former 
portion to solidify; sequentially repeating the said proc 
ess over the dimensions of said composite body a suf— 
?cient number of times until the desired purity from 
gases and gas forming compounds has been reached and 
said gases and gas forming compounds have been carried 
to the end portions of said composite body; and subse 
quently removing the end portions containing the con~ 
centrated gases and gas forming compounds. 

4. The method of claim 1 wherein the refractory metal 
is tungsten and the impregnating metal is copper. 
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