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[57] ABSTRACT 

High field compound superconductive members, such 
as Nb3Sn, V3Ga and V3Si, are spliced by assembling a 
layer of particulate material containing the constituent 
elements of a high field compound superconductor be-
tween the exposed surfaces of the two members to be 
spliced. The assembly is heated to reaction tempera-
ture in the presence of an inert atmosphere having a 
trace of carbon vapor to react the constituent particu-
late matter to form a high field compound supercon-
ductive splice between the members being spliced. 
The carbon vapor can be introduced into the splice by 
coating or saturating the assembly with a liquid mate-
rial containing carbon, such as xylene or carbon tetra-
chloride. As an alternative, an organic liquid material 
or gaseous material may be introduced into the hot 
zone of the reaction furnace, as by bubbling the inert 
gaseous atmosphere of the furnace through an organic 
liquid or by introducing an organic gas into the inert 
atmosphere of t he furnace. 

11 Claims, 5 Drawing Figures 
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METHOD FOR SPLICING COMPOUND FIG. 2 is an enlarged sectional view of the structure 
SUPERCONDUCTORS of FIG. 1 taken along line 2—2 in the direction of the 

arrows, 
DESCRIPTION OF THE PRIOR ART FIG. 3 is an enlarged detail view of a portion of the 

Heretofore, high field compound superconductors 5 structure of FIG. 2 delineated by line 3—3, 
have been spliced by assembling a layer of particulate FIG. 4 is a schematic perspective view of a sintering 
material containing the constituent elements of a high furnace for reacting the constituents of the splice at 
field compound superconductor between the exposed high temperature, and 
surfaces of the two superconductors to be spliced and F I G - 5 i s a v i e w s i m i l a r t 0 t h a t o f F I G - 3 depicting the 
then heating the assembly to react the constituent ele- 1 0 powder composition after a high temperature reaction, 
ments of the compound superconductor to form a high 
field compound superconductor splice between the DESCRIPTION OF THE PREFERRED 
members. Such a method for forming a splice is dis- EMBODIMENTS 
closed and claimed in U.S. Pat. No. 3,523,361 issued „ , . , \ . , . . , _ 
Aug. 11,1970, and assigned to the same assignee as the 15 R e f e r ™ 8 n ° w t 0 ^ 1 G

1
 t h e r , e 18 s h

t
o w n high field 

resent invention superconductive splice 1 for splicing together two high-
ly . , , , . , . , field compound superconductors. The splice 1 includes 

One of the problems encountered in production of a b l o c k „ , f k e b o d / s t r u c t u r e 2 of particulate material 
superconductive splices emp oying the aforecited prior formi a h i h _ f 4 , c o m p o u n d superconductive mem-
art method was that the reliability of the splice was 2 0 b e r f u s e d t o g e t h e r a n d f u s e d t o a first a n d s e c o n d h i g h 
poor, particularly at high field use, i.e., magnetic field fie|d c o m p o U n d superconductive wire member por-
mtensities greater than 5 kilogauss. Considerable flux t i o n s 3 a n d 4 w h i c h a r e embedded in the block body 2. 
jumping was encountered in the splice and the splice T h e h i g h f i e l d C 0 m p 0 U n d superconductive block body 
would go normal, i.e., quench the superconductive 2 provides a high field superconductive bridge between 
mode of conduction of the solenoid or coil of which the 25 the two compound superconductive wire members por-
splice was a part. tions 3 and 4. 

SUMMARY OF THE PRESENT INVENTION A s u s e d h e r e i n ' t h e term "high field" is defined to 
mean a superconductive material having a critical mag-

The principal object of the present invention is the netic field intensity greater than 20 kilogauss at 4.2° K. 
provision of an improved method for splicing com- 30 As used herein, "compound superconductor" is de-
pound superconductors and superconductive splices fined to mean a superconductive material which is es-
formed thereby. sentially a compound as contrasted with an alloy. Ex-

In one feature of the present invention, an organic amples of compound superconductors include Nb3Sn, 
vapor is introduced into the particulate constituent ele- V3Ga, and V3Si, in contrast to alloy-type superconduc-
ments of a high field compound superconductive splice 3 5 tors would include Nb-Zr and Mo-Re. 
during the high temperature reaction of the constituent Referring now to FIGS. 2, 3 and 4, the superconduc-
elements, whereby the reliability of the splice is greatly tive splice of the present invention will be described in 
increased especially in high field use. greater detail along with the method for making same. 

In another feature of the present invention, carbon . . The two superconductive member portions 3 and 4, to 
vapor is introduced into the constituent elements of the be spliced, may take any one of a number of different 
splice, which elements are to be reacted at high tem- f o r m s a n d geometries. For example, such members 
perature to form the high field compound supercon- m a y comprise the ends of two wires of circular cross 
ductive splice by coating or saturating the assembled s e c t i o n o r- a s i n t h e c a s e depicted, may comprise the 
splice, prior to reaction, with a liquid carbon bearing 4 5 ends of ribbon-shaped superconductive members Such 
m a t e r j a l J ribbon-shaped conductors are especially suitable for 

In another feature of the present invention, the car- w i n d i n | extremely high field superconductive sole-
bon vapor is introduced into the constituent elements " o l d \ F ° r t h e p a r t , c u ' a r f s e l l l u s t r a t ed m the figures, 
of the splice by introducing a trace amount of organic ^ ribbon superconductor comprises a ribbon sub-

. K • , * . . \ „„ strate member 5, as of a nickel-molybdenum alloy ma-
carbon bearing gas into the inert gaseous atmosphere 50 ^ h a v i n g a S i t i n g point of 1,320° C. and commer-
of the sintering furnace which is used to react the con- c i a U y a v a i l a | I e from ^ y n e s S t e l l i t e C o m p a n y o f K o . 
stituents ot the splice. . komo, Indiana, as Hastelloy Alloy B. In one Example, 

In another feature of the present invention, a carbon t h e s u b s t r a t e ribbon 5 has a thickness of 0.002 inch and 
bearing organic vapor is introduced into the inert atmo- a w j d t b 0 f q qqq j n c b 
sphere of the sintering furnace, for sintering constitu- 55 A t h j f i , a y e r Q f h i h field superconductive material 6 
ent elements of a compound superconductive splice, by i s f o r m e d o n t h e s u b s t r a t e ribbon 5. The high field su-
bubbhng the inert atmosphere of the furnace through perconductive layer material may comprise any one of 
a liquid carbon bearing organic material. a number of materials, such as Nb3Sn, deposited to a 

Other features and advantages of the present inven- thickness as of 0.0003 inch on the substrate ribbon 5. 
tion will become apparent upon a perusal of the follow- o u a coating 7 of a nonsuperconductive metal such as sil-
ing specification taken in connection with the accom- ver or copper forms a conductive jacket over the super-
panying drawings wherein: conductive layer 6. The conductive jacket 7 preferably 

RR I F F D F C F R I P T I D M O F T H F H R A w i M ( " . S h a s S o o d t h e r m a l a n d e l e c t r i c a l c o n d u c t i v i t i e s a n d , in BRIEF DESCRIPTION OF THE DRAWINGS th<j c a g e Q f ^ ^ jg d e p o s i t e d tQ a t h i c k n e s s o f 0 0 0 0 5 
FIG. 1 is a perspective view of a high field supercon- inch over the superconductive layer 6. 

ductive splice incorporating features of the present in- In the region of the splice 1, the conductive jacket 7 
vention, is stripped from the ends of the superconductive mem-
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ber portions 3 and 4 to be spliced together, thereby ex- sired reaction products. In the furnace 11 the splices 1 
posing the superconductive layer 6 such that, in the re- are reacted at high temperature to form a superconduc-
gion of the bond, an intimate electrical contact may be tive bridge between the superconductive layers 6. 
made to the superconductive layer 6. In making the More specifically, in the case of niobium and tin pow-
splice 1, the exposed ends of the superconductive 5 ders, the splice is heated to a temperature above 930° 
member 3 and 4 are overlapped 0.75 of an inch and C and preferably within the range of 950° to 960° C for 
spaced apart approximately 0.015 of an inch in the cav- approximately three minutes to form a Nb:iSn high field 
ity of a die which is filled with powder material contain- superconductive material bridging the gap between the 
ing the constituent elements of a high field compound two superconductive layers 6 . 
superconductor . 10 It is believed that the tin, which has a relatively low 

For example, in the case of splicing Nb3Sn supercon- melting point, reacts with the oxide layers 8 to break 
ductive layers 6, the die is filled with Nb and Sn pow- through the insulative layer 8 and that the Sn diffuses 
ders intimately mixed together and preferably having into the niobium particles and reacts to form Nb3Sn 
particle sizes less than the hole size of a 325 mesh compound on the outside of all the intimately contact-
screen. The powder mixture, in the case of niobium and 15 ing niobium particles to form an intimate Nb3Sn 
tin powders, contains between 4 percent and 16 per- contact at the interface with the superconductive layers 
cent by weight tin and preferably 8 percent tin by 6. The result is the formation of a high field Nb3Sn 
weight with the remainder being niobium. compound superconductive bridging structure between 

After embedding the superconductive member por- superconductive layers 6. The bridging structure re-
tions 3 and 4 in the powders, the powders are com- 20 tains its particulated form as depicted in FIG. 5. 
pacted into intimate contact with each other and with In the presence of the high temperature inert helium 
the superconductive layers 6 by subjecting the die con- gas atmosphere the organic liquid coating that was 
taining the powders and the superconductive members placed on the splice 1 is vaporized and decomposed to 
3 and 4 to compression in a hydraulic press. The pow- produce trace quantities of atomic carbon and hydro-
ders are preferably compacted with a pressure falling 2 5 gen in the case of a hydrocarbon coating or carbon and 
within the range of 5,000 to 20,000 psi. Upon compact- chlorine in the case of a carbon tetrachloride coating, 
ing, the particles of the powders are mechanically The effect o f t h e carbon is not understood but it is be-
locked together to form a body 2 of particulated mate- lieved that the carbon diffuses into and throughout the 
rial which has sufficient mechanical strength to be re- reacting consti tuent elements of the superconductive 
moved from the die and handled while retaining its 3 0 bridge to form impurity sites therein. It is believed that 
pressed shape. In this form, the splice body 2 can stand the impurity sites serve as pinning sites for the magnetic 
a limited amount of handling as required to transport flux produced when the current is flowing through the 
the splice 1 to a furnace. splice in a superconductive mode, thereby preventing 

In the compacted state and before fur ther t reatment , premature flux jumps and thus quenching of the super-
a region of the splice between the two superconductive 3 5 conductive mode. 
wire member portions 3 and 4 has a configuration as The carbon impurities are schematically depicted in 
schematically depicted in greater detail in FIG. 3. More FIG. 5 as the small block dots therein. While it is be-
specifically, the mixture of niobium and tin powders lieved that the carbon impurity serves to provide flux 
are in intimate contact with a thin oxide layer 8 on the pinning sites in the resultant superconductive splice, it 
outside surface of the exposed ends of the Nb3Sn super- 4 0 is possible, in the case of a hydrocarbon vapor, that the 
conductive layer 6. This oxide layer 8 forms immedi- hydrogen assists in reducing the oxide layers on the 
ately upon exposure of the superconductive layer 6 to particles of the bridge and on the superconductive lay-
the earth 's atmosphere since the Nb3Sn material is ers 6. Thus a trace amount of atomic carbon within the 
highly reactive with oxygen and water in the atmo- superconductive bridge, greatly improves the reliability 
sphere, as are the other types of compound supercon- of the resultant superconductive splice, 
ductors. It appears that this oxide layer 8, in the past Although induction of the organic (carbon) impurity 
has prevented the formation of a reliable superconduc- has thusfar been achieved in the description by coating 
tive splice since the oxide layer is insulative and would and saturating the splice 1 with liquid organic material, 
prevent the formation of a superconductive bridge be- as an alternative, organic vapor may be incorporated 
tween the two superconductive layers 6. into the splice by inducting same into the reaction zone 

Next, the splice 1 is coated with a liquid organic ma- of the furnace. This is readily accomplished by intro-
terial such as xylene or carbon tetrachloride. An espe- ducing a small amount of organic vapor or organic Iiq-
cially convenient way to coat and to saturate the splice uid into the helium or inert gaseous atmosphere of the 
1 is merely to immerse the splice 1 in a beaker of the 5 5 furnace, as by bubbling the helium gas through the or-
organic liquid. However, the splice may be coated in ganic liquid or by introducing an organic gas, such as 
any one of a number of different ways, such as by paint- methane, into the helium gas stream. Only t race 
ing, spraying, coating or the like. amounts of such organic vapors need be introduced 

Referring now to FIG. 4 , the splice 1 is next inserted into the inert atmosphere of the furnace. The flow rate 
into a furnace 11 which contains a centrally disposed 6 Q of inert gas is preferably kept to a low rate such that the 
axially directed quartz tube 12 around which a ther- organic vapor is not swept out of the furnace without 
mally insulative cylindrical chamber is formed having permeating the region of the splice during the reaction, 
therein a plurality of electrical heating elements for 
heating the quartz tube and the contents thereof to a The high field compound superconductive splice be-
desired operating temperature as of 900° to 1,000° C. 6 5 tween the two superconductive layers 6 may be formed 
An inert gaseous atmosphere, as of helium, is caused to of other high field compound superconductors, such as 
flow slowly through the tube 12 for immersing the V 3Ga or V3Si, formed in a similar manner, as above de-
splice in an inert a tmosphere and for carrying off unde- scribed, between the two superconductive members 3 
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and 4 to be joined, More specifically, powders contain-
ing the constituent elements of a high field compound 
superconductor are compacted in the space between 
the two superconductive members 3 and 4 to be joined. 
The compacted powders-are reacted at high tempera-
ture in an inert a tmosphere with a trace amount of or-
ganic vapor to form the superconductive material in 
place between the two member portions 3 and 4 to be 
joined. 

Since many changes could be made in the above con-
struction and many apparently widely different em-
bodiments of this invention could be made without de-
parting from the scope thereof, it is entended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as il-
lustrative and not in a limiting sense. 

What is claimed is: 
1. In a method for splicing high field compound su-

perconductors the steps of, exposing surface portions 
of said superconductors to be spliced, assembling a 
layer of particulate material containing the constituent 
elements of a high field compound superconductor be-
tween said exposed surface portions to be spliced, and 
heating the assembly in the presence of an organic 
vapor to react the constituent elements of the com-
pound superconductor to form a high field compound 
superconductive bridge between the member portions 
being spliced. 

2. The method of claim 1 wherein the organic vapor 
includes the element carbon. 

3. The method of claim 1 wherein the assembly is 
heated in an inert gaseous atmosphere in the presence 
of a trace amount of organic vapor. 

4. The method of claim 3 wherein the organic vapor 
is a vapor of the group consisting of xyline, and carbon 
tetrachloride. 

5. The method of claim 1 wherein the step of assem-
bling a layer of particulate material containing the con-

stituent elements of a high field compound supercon-
ductor includes the step of, compacting the layer of 
particulate material together into intimate contact with 
the two member portions to be spliced with a compact-

5 ing pressure within the range of 5,000 to 20,000 psi. 
6. The method of claim 1 wherein the high field com-

pound superconductive material to be spliced is Nb3Sn 
and the particulate material which is to be heated com-
prises particles of Nb and Sn. 

10 7. The method of claim 6 wherein the Nb and Sn par-
ticles are heated to a temperature between 900° and 
1,000° C. 

8. The method of claim 1 wherein the assembly is 
heated in the presence of an inert gaseous atmosphere 

15 having a trace amount of the carbon vapor therein, and 
including the step of introducing the trace amount of 
carbon vapor into the inert gaseous atmosphere by 
bubbling the gaseous atmosphere through an organic 
liquid. 

20 9. The method of claim 1 wherein the step of heating 
the assembly in the presence of an organic vapor in-
cludes heating the assembly in the presence of an inert 
gaseous atmosphere containing a trace amount of car-
bon vapor, and wherein the carbon vapor is introduced 

25 into the inert gaseous atmosphere by flowing a trace 
amount of organic vapor into the inert gaseous atmo-
sphere. 

10. A superconducting splice comprising, a plurality 
of high field compound superconductors, means form-

30 ing a high field compound superconductive bridge con-
nected between said plurality of high field compound 
superconductors being spliced, and said high field com-
pound superconductive bridging means containing a 
trace amount of atomized organic material, whereby 

35 the reliability of the splice is significantly improved. 
11. The apparatus of claim 9 wherein the trace 

amount of organic material is atomized carbon. 
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