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1. 
The present invention is concerned with ura 

nium-base alloys and more particularly binary 
uranium-base alloys containing nickel. 
An object of the present invention is to im 

prove the corrosion resistance of uranium and 
uranium-base alloys. 
Another object of this invention is to produce 

binary uranium-nickel alloys which are useful 
in the design and construction of neutronic 
reactors. 

Still another object of this invention is di 
rected toward the formation of new and novel 
uranium-nickel alloy compositions which are 
useful as additives in the formation of other 
metal alloys containing uranium and nickel. 
Other objects of the present invention will be 

apparent from the following description taken in 
connection with the accompanying drawing, in 
which the single figure is a phase equilibrium 
diagram defining the uranium-nickel System. 
In accordance with the present invention it 

has been found that the corrosion resistance of 
uranium and uranium-rich alloys may be Sub 
stantially improved by the incorporation of a 
quantity of nickel in such uranium or uranium 
base alloys. The amount of nickel which may be 
added to uranium metal is capable of variation 
extending through the phase diagram wherein 
four distinct intermetallic Compounds have been 
identified. The formulae, U6Ni, UNi, UNi2, and 
UNi5 have been assigned to these Compounds 
on the basis of thermal, X-ray and microscopic 
evidence. 
In order to determine the possible compositions 

and usefulness of uranium-nickel alloys, the con 
stitutional diagram of the System has been deter 
mined. In examining the microstructures of as 
cast uranium-nickel alloys, the effects of heat 
treatment upon the nicroStructures of the vary 
ing Compositions Were also observed. 
The initial structure of a 1.1 atomic per cent 

nickel alloy of uranium in the as-cast structure 
consists of a eutectoid matrix with precipitated 
or peritectic compounds at the grain boundaries. 
Upon heating the as-cast structure to 705 C., 
the microstructure appears to spherodize the 
eutectic and the grain boundary composition to 
give a fairly uniform dispersion of UsNi par 
ticles in the uranium matrix. This alloy ap 
pears to be close to the eutectoid composition. 
The microStructures of these as-cast 2.6, 5.4, and 
10.0 atomic per cent alloys of uranium-nickel 
showed primary gamma uranium Solid solution 
in a network of peritectic compound, U6Ni. The 
10 atomic per cent nickel alloy of uranium con 
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tained considerable eutectic as a result of the 
incomplete peritectic reaction. All these alloys 
responded to heat treatment. The eutectic struc 
ture in the primary phase was not evident in 
the alloys which were water-quenched from 715 
C. It appears that the peritectic reaction had 
gone to completion. There appeared to be no 
evidence of retained beta phase in these alloys 
and the thermal analysis showed a break at 
754 C. 
The microstructure of a 15.3 atomic per cent 

nickel alloy was cast and examined. It was 
found that slightly above the peritectic con 
pound composition, the compound of Simplest 
atomic ratio having a composition slightly less 
than 15.3 atomic per cent would be U6Ni at 14.3 
atomic per cent nickel. X-ray diffraction pat 
terns of the 15.3 atomic per cent nickel alloys 
indicate that the compound UsNi has a face 
centered cubic lattice with a 0=4.88 A. 
Upon increasing the atomic percentage of 

nickel in a nickel-uranium composition, it was 
found that upon examining the microstructure 
between a 30.5 atomic per cent nickel cast alloy 
and 41.7 atomic per cent nickel cast alloy, there 
was exhibited a primary phase eutectic, but the 
primary phase of the 30.5 per cent nickel alloy 
appeared to be different than in the 41.7 atomic 
per cent nickel alloy. It was found that a eutec 
tic alloy containing 37.4 per cent nickel contained 
no primary phase and appeared to be entirely 
eutectic. Thermal analysis fixed the eutectic 
temperature of the first eutectic of nickel-ura 
nium alloy at 738° C. 
As described above, the 41.7 atomic per cent 

nickel alloy showed a primary phase different 
from uranium, and thermal analysis of alloys in 
the composition range of 45-66 atomic per cent 
nickel showed a break at 80° C. The micro 
structure of the 53 atomic per cent nickel alloy 
was characterized by an incomplete peritectic 
reaction; and upon heat treatment, the peritectic 
reaction went to completion. It was found that 
these alloys in this composition range were ex 
tremely difficult to produce and were subject to 
considerable Segregation. In examining the 
phase diagram, it shall be noted that a peritectic 
reaction occurs at 810 C. in this composition 
range and that the microstructure analysis indi 
cated that the peritectic compound formed Was 
UNi. 
A third peritectic compound UNia was formed 

in alloys containing from about 67 to 80 atomic 
per cent nickel. Thermal arrests were obtained 
at 985 C. indicating the peritectic compound to 
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be UNi2. In examining the microstructure of the nium is an essential component in the construc 
67 atomic per cent nickel it was found that the tion of neutronic reactors, it is extremely impor 
composition exhibited nearly single phase com- tant to substantially increase the corrosive re 
position; thus the third peritectic compound has sistance of uranium without introducing a large 
the formula, UNi2 which is formed at 66.6 atomic 5 quantity of neutron absorbers other than the 
per cent nickel composition by the peritectic essential alloying agent, nickel, which has a rela 
reaction at 985; C. In extending the composit tively low neutron adsorption cross-section. 
tion range of the nickel-uranium system from '...In addition...it was found that the binary eutec 
67 to 90 atomic per cent nickel the liquidus rises tic alloy of uranium and nickel at about 37 
to a maximum of about 1295° C. at 83 atomic lo: Catomic per cent nickel having a melting point 
per cent nickel and then drops rapidly to 1194 730 C, afforded a new and novel low melting C. at 88 atomic per cent nickel. The micro- point alloy having a high percentage of ura 
Structure of a 79.5 atomic per cent, nickel:alloy 
composition was nearly sin - ha: 9 phase; and the 9 
atomic per cent nickel showed considerable eutec 
tic and was well beyond the compound composi 
tion. Thus the simplest compound formula:which 
was consistent with these data was UN is at 83.3 atomic per cent nickel. It was found that UNisi metal; as for example, steel, nickel, copper or 
melted at 1295 C. and was identified by a hexag- 20 the like. When the eutectic alloy is added to a 
onal lattice with ag=470A; and coal-'7.24 A. adle ; of molten steel, nickel: or copper, it sinks 

- - - - - - - rapidly and alloys with the bath, without excess 
Sive oxidationi and loss; of the expensive ura 

nium alloys: They microstructures of 95 atomic nium metal. Furthermore, the eutectic compo percent: nickel alloys: revealed a eutectic striac 2 sition exhibits extremely: high-resistance toward 
ture plus primary snickel. The microstructure of the corrosive effect of acids, as indicated by its 
the 90 atomic: pers cent nickel alloys showed the high-resistancerto: acids, including: aqua, regia. 
same atomic structure plus a primary ph Furthermore the resistance of these binary ura 
may be either nickel or UNi5. : - - - - . aiulin; alloys to acids indicates; that the uranium 
These new uranium-nickel alloys may be con- 80 nicket alloys with or without the addition of 

veniently prepared by melting in vacuo the re- other; elements; constitute a new and noveliseries 
quired amounts: nitri nickel in a of reolerosion: resistant materialsi, which offer 
refractory: crucible, such s Uilique advantages: over-uranium. ; :"... 
lined Alundum thimble. , ; ; ; ; ; ; : All of the alloys; above described in addition 
3. Microscopic examinations were made on these 8 to the: physical-metallurgical, advantages, ex 
alloys in the as-cast conditions and some were hibit resistance to corrosion far Superior to that 
re-examined: after appropriate heat treatment. . . The specimens were:polished mechanically with 
alumina and then electrolytically polished with 
a phosphoric&acid-ethylene glycolaeth 
Solution. ::: 5 ( ; ; ; ; ; ; ; ; , , i. : : : ... . . . . 
: The alloys of the present: invention are useful 
as: protective coatings for: uranium shapes which 
may be exposed to::corrosive, action of chemical 
reagents. These uranium-nickel alloys may be cast into various shapes and forms to be used the formula. UsNihaving a face-centered lattice 
in the constructions; of neutronic reactors, and 4.88A r. 
the addition of nickelto: theguranium: metal de- - - - 
creases:the rate of corrosion by chemical rea 
gents, such as acid solutions and acueous solu 
tions, containing, hydrogeni, peroxide... It was 
found that the additions of as littie, as 4 atomic -WV 
per cent of nickel, to uranium:metal decreased Charles Griffin and Co., Ltd., London. t 
the hot water corrosion rate of uranium by a Baenziger et al., “Compounds of Uranium With 
factors of approximately twenty. - . 55 the Transition Metals of the F: 

It shall be noted...that this: invention, is: pri. U.S.; A.E. irrin 
marily concerned with binary alloy compositions - 
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