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[57] ABSTRACT 
This invention comprises a superconductive compound 
having the formula: 

wherein M is a metal which will destroy the magnetic 
character of nickel (preferably copper, silver or gold); 
Z is hydrogen or deuterium; JC is 0.1 to 0.9; and y, corre-
spondingly, 0.9 to 0.1, and method of conducting elec-
tric current with no resistance at relatively high temper-
ature of T > 1 ° K comprising a conductor consisting 
essentially of the superconducting compound noted 
above. 

12 Claims, No Drawings 



4,043 1 
HIGH TEMPERATURE SUPERCONDUCTORS 

AND METHOD 

BACKGROUND OF THE INVENTION 5 

Superconductivity refers to those properties of a ma-
terial which enable it to conduct electrical current with 
zero resistance. This effect was discovered in 1911 by 
Onnes [Comm. Phys. Lab. Univ. Leiden Nos. 119, 120, 10 
122 (1911)] and studied extensively by researchers in 
various laboratories. 

In most ofthe materials studied to date the supercon-
ducting properties vanish at temperatures larger than a 
critical temperature Tc which is determined primarily 15 
by empirical methods. Thus, elements, such as Pb and 
Nb, have been found to be superconducting at very low 
temperatures. Metals like Nb are presently used in the 
construction of high field magnets and other applica-
tions where electrical energy dissipation is a major fac- 20 
tor. The technological utility of such metals is limited 
due to the expensive refrigeration systems required to 
cool the materials to liquid helium temperatures of 
about 4.2° K in order for the superconducting proper-
ties to be present. 2 5 

The search for superconductors with higher transi-
tion temperatures has led to the discovery of various 
compounds with Tc as 20° K. Some examples are 
Nb3Ge, Nb3Sn, PdH, PdD, and PdCuH. The highest 
Tc material discovered so far is Nb3Ge with Tc = 23.2° 30 
K. As such, costly refrigeration methods must also be 
employed to use these compounds as superconducting 
wires. Also, many of the presently available high tem-
perature superconductors such as Nb3Ge with T c = 23° 
K, are difficult to manufacture and contain relatively 3 5 

expensive ingredients. 
It should be noted that some substances are not super-

conducting at all. This group of materials includes the 
elements Cu, Ni, Pd and compounds such as NiH. 

The large scale applications of superconductivity 40 
include energy transmission, energy generation, mag-
netic levitation of trains, and many other uses with 
involve electrical current flow. At present, these appli-
cations are limited primarily by the high cost of refrig-
eration required to cool the materials to their supercon- 45 
ducting temperatures, and by the capital costs involved 
in the development and production of appropriate su-
perconducting materials. It has not been possible, here-
tofore, to obtain superconductivity at temperatures 
above Tc = 25° K or, more importantly, at about the 50 
boiling point of liquid nitrogen, i.e., IT K. 

SUMMARY OF THE INVENTION 
Inexpensive high temperature superconductors are 

now possible. 55 
Briefly stated, the present invention comprises a su-

perconductive compound having the formula: 

60 
wherein M is a metal which will destroy the magnetic 
character of nickel, preferably copper, silver, gold or 
mixtures thereof; Z is hydrogen or deuterium; x is 0.1 to 
0.9; and y, correspondingly, 0.9 to 0.1; the method of 
conducting electric current with no resistance at a tem- 65 
perature of T > 1° K, preferably 25° K, comprising a 
conductor consisting essentially of the superconductive 
compound noted above; and an electric conductor con-

809 
2 

sisting essentially of the superconductive compound 
noted above. 

DETAILED DESCRIPTION 
In accordance with the present invention, the essen-

tial elements are the use of nickel alloyed with an ele-
ment capable of destroying the innate magnetic charac-
ter of nickel and forming the hydride or deuteride of 
said alloy. As to the elements for destroying the mag-
netic characteristic of nickel it has been found that cop-
per is the preferred element but that, also, silver and 
gold can be used as well as mixtures of these elements. 
The nickel and magnetism destroying element can be 
alloyed by any of the conventional methods used to 
alloy metals and it is preferred to have in the alloy equal 
parts of nickel and the magnetism destroying com-
pound; e.g., an atomic ratio of 0.5 nickel and 0.5 copper. 
However, good results are also obtained in alloys con-
taining atomic ratios of 0.1 to 0.9 nickel and, corre-
spondingly, 0.9 to 0.1 the other metal. 

The hydrides and deuterides of the alloy can be 
formed using any of the conventional techniques em-
ployed for this purpose; namely, by first forming the 
alloy and then heating the same to a high temperature in 
the presence of hydrogen or deuterium. Ion implanta-
tion and electrolytic techniques can also be used to form 
the hydride and deuterides. Such techniques are con-
ventional and well known in the art and are described, 
for example, in the text "Metal Hydrides" by W. M. 
Mueller, J. P. Blackledge, and G. G. Libowitz, Aca-
demic Press, New York, 1968. 

With respect to the ratios of elements in the com-
pound deuteride, it can be as follows: 

Nil -MxZy 

in which jc is 0.1 to 0.9 and y, correspondingly 0.9 to 0.1; 
Z being the hydrogen or deuterium. It is preferred to 
use 0.7 of hydrogen per alloy atom. The preferred com-
pound is one in which the alloy comprises an atomic 
ratio of equal parts of nickel and copper and 0.7 of 
hydrogen per alloy atom. 

It is contemplated that the Tc of the nickel-copper 
hydrides of the present invention will be approximately 
20° K or even higher and possibly up to 70° K. This 
means that the compounds in the present invention can 
be formed into wires, cables, thin films, or coils for 
magnets, as well as other electrical conductors, and will 
have superconducting properties at temperatures at 
least about the boiling point of liquid helium (about 4° 
K) and up to that of liquid nitrogen (about 77° K). This 
will greatly expand the ability to have resistance-free 
energy transmission generation and, in general, resist-
ance-free electrical current flow at economically usable 
temperatures. Once made, the compounds can be 
formed into wires, cables, films, e t c . . . . for use as elec-
trical conductors by means of any of the suitable appa-
ratus presently available for that purpose. 

While the exact theory for the present invention is 
subject to uncertainties, it is believed that the supercon-
ductive nature of the instant nickel compounds as op-
posed to the non-superconductive properties of nickel 
or nickel hydride is due to the destruction of the mag-
netic character of the nickel. 

An explanation of the superconductive properties of 
elements and compounds is gained from the expression 
developed by Bardeen et al. [Bardeen et al, Phsy. Rev. 
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106, 162 (1957); 108, 1175 (1957)], hereinafter called the 
BCS expression. 

Tc s <I)„ exp ( N(o)V ) ' 

(1) 

where a>0 is a typical phonon (sound wave) frequency, 
N(o) is the density of electron states at the Fermi en-
ergy, and V is the effective interaction energy between 
two electrons: the coupling must be attractive (N(o)V 
positive in this notation) to obtain a pairing of electrons 
which leads to superconductivity. The net interaction 
between electrons can be expressed as 

15 
N(o)V=sX. (2) 

where A. is the attractive compound arising from elec-
tron-phonon interactions and fi* represents the com-
pleting repulsion due to Coulomb forces. 20 

The best (highest Tc) superconductors would then be 
characterized by the largest electron-phonon coupling 
X and the smallest repulsion term /x*. 

Finally we may estimate the transition temperatures 
of some nickel compounds on the basis of the above 25 
theory. First of all, pure nickel is ferromagnetic and 
non-superconducting. This has been attributed to a 
large effecive repulsion fx* between electrons which 
overcomes the attractive forces due to phonon cou-
pling: hence )iN,* = Xm and Tc = O. 3 0 

The case of Nickel Hydride has been considered in 
band structure calculations of the electronic properties. 
The results indicate a much larger electronic density of 
states N(o) in NIH than the corresponding density of 
PdH. Consequently the parameter X should be enor- 3 5 
mously larger in NiH than in any of the cases discussed 
above and result in a superior superconductor with very 
high Tc. Specifically the calculated values are N/v,y/(o) 
= 4.5H/ya(o) and correspondingly we estimate \N i H^2. 
More accurate estimates require detailed calculations of ^ 
the type given by Papaconstantopoulos et al., Phys. 
Rev. Lett. 35, 110 (1975). 

Experiments on NiH have shown that this compound 
is unfortunately not superconducting. Again the expla-
nation of this case rests on the magnetic properties of 
nickel which imply a large value of jx* and consequent 4 5 

inability of the electrons to form superconducting pairs. 
Clearly the nickel hydride systems would be excellent 

superconductors if one could destroy the innate mag-
netic character of nickel and thus reduce fx*. The de-
struction of magnetism by addition of copper favors the 5 0 

NiCuH alloy. A crude estimate of the Tc for this mate-
rial is (from Eq. 2): 

RXNiCuH) s 200 exp 3 70° K. 
55 

By necessity this estimate is crude. However, the result 
is extremely promising despite the relatively large value 
of fi.* = 1 which was used to obtain a reasonable esti- 6 0 

mate of Tc. Similar considerations apply to NiAgH and 
NiAuH. 

Small changes in the X and jx* parameters of course 
yield very large variations in Tc as is evident from for-
mula (2). In this regard there are the prospects of 65 
achieving superconductivity of these alloys at tempera-
tures exceeding the boiling point of liquid nitrogen (77° 
K). 

Of primary importance in the superconducting transi-
tion temperatures of NiCuH is the remarkably large 
density of states at the Fermi energy which has been 
found in specific heat measurements on NiH by Wolf 
and Baranowski, J. Phys. Chem. Solids 32, 1649 (1971). 
The high electronic density of states of NiH has been 
attributed to s-state electrons, whereas the d-state elec-
trons are primarily involved in the magnetic behavior of 
metals. This point is supported by calculations of Swi-
tendick, Berichte der Bunsen-Gesellschaft fur Physika-
lische Chemie, 76, 535 (1972). However, there may be 
an additional and significant increase in X due to the 
interactions of the hydrogen phonon modes with the 
sound waves characteristic of the nickel alloys. My 
results for this effect are in agreement with the data on 
neutron experiments of PdD, and are expected to en-
hance the superconducting character of the instant 
Ni, _xMxZy compounds. 

Finally, there is the uncertain nature of the Coulomb 
pseudo-potential /x* which has not yet been amendable 
to accurate calculations. Nonetheless, the arguments 
presented above yield logical estimates as to the Tc of 
the compounds of the present invention, especially 
since the desired reduction in fi* is related to the de-
struction of magnetism in the nickel compounds which 
has been achieved with NiH and NiCu. 

While the invention has been described in connection 
with preferred embodiments, it is not intended to limit 
the invention to the particular forms set forth, but on 
the contrary, it is intended to cover such alternatives, 
modifications, and equivalents as may be included 
within the spirit and scope of the invention as defined 
by the appended claims. 

What is claimed is: 
1. A superconductive compound having the formula: 

N i ^ M j Z , 

wherein M is a metal which will destroy the magnetic 
character of nickel; Z is hydrogen or deuterium; x is 0.1 
to 0.9; and y, correspondingly 0.9 to 0.1. 

2. A superconductive compound having the formula: 

Nii-^MjZ, 

wherein M is a metal selected from copper, silver, gold 
or mixtures thereof; Z is hydrogen or deuterium; x is 0.1 
to 0.9; and.y, correspondingly, 0.9 to 0.1. 

3. The superconductive compound of claim 1 wherein 
M is copper and Z is hydrogen. 

4. The superconductive compound of claim 1 wherein 
M is silver and Z is hydrogen. 

5. The superconductive compound of claim 1 wherein 
M is gold and Z is hydrogen. 

6. An electrical conductor for conducting electrical 
current with no resistance at a temperature of T > 1 ° K 
consisting essentially of the superconductive compound 
of claim 1. 

7. The electrical conductor of claim 6 wherein the 
superconducting compound is that of claim 2. 

8. The electrical conductor of claim 6 wherein the 
superconductive compound is that of claim 3. 

9. The electrical conductor of claim 6 wherein the 
superconductive compound is that of claim 4. 

10. The electrical conductor of claim 6 wherein the 
superconductive compound is that of claim 5. 

11. The electrical conductor of claim 6 in the form of 
a wire, cable, thin film, or magnetic coil. 

12. A superconductive wire or cable superconducting 
at T > 1° K consisting essentially of Nio.sCuo.sHo^. 


