Unit Cell
Number Density,
Dimensions, of g/cm3 Space

Phase Type A Molecules X-Ray Other Group Remarks
Alpha Ortho- a = 2.852 4 19.12 Cmecm

rhom- b = 5, 865

bic c =4.945
Beta Tetrag- a = 10.759 £ 0,001 30 18,11 P4/mnm Data for 720 C

onal ¢ =5,656% 0,001
Gamma Bec a = 3.524 2 18. 06 Im3m Data for 805 C
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The Constitutional Diagram

There is virtually complete agreement on the uranium-aluminum system. The diagram
shown is that of Gordon and Kaufmann(1l), modified to include the UAl4 intermetallic com-
pound reported by Borie(2) and Allen(3),

Minor differences exist between this diagram and that of Allen{3). These differences
consist of small variations in the liquidus and in the various reaction isotherms. For
example, at the uranium end of the system, Allen(3) reports values of 1123, 757, and 672 C
for the eutectic and eutectoid isotherms. These values correspond to 1105, 750, and 655 C,
respectively, in the diagram shown here, The work of Saller{4) is in agreement with the
diagram shown., Thermal-analysis techniques resulted in slightly hi%her values for the
aluminum-rich liquidus with UAl3, as reported by Storhok and Baueri5);

755 C 17 w/o uranium

855 C 20 w/o uranium

954 C 24,5 w/o uranium
1068 C 30.9 w/o uranium
1190 C - 41,7 w/o uranium
1265 C 51.2 w/o uranium

Some details of the solubility of aluminum in uranium have been reported by Allen(3):

980 C 0.5 w/o aluminum
800 C 0.2 w/o aluminum
700 C 0.11 w/o aluminum
650 C <0, 1 w/o aluminum

Similar values, perhaps slightly lower, can be scaled from diagram in the gamma ~uranium
region.

Crystallography

The crystallography of the intermetallic compounds is summarized in the tabulation
below. The data shown for UAl; and UAl3 are from the work of Rundle and Wilson(6), The
structure of UAl3 is confirmed by Maskrey and }:‘ros‘t('”J although they report a lattice
dimension of a = 4.27 A, They also report that the atom positions of UAl3 are surely those
of the AuCuj ordered structure. On the basis of intensity data, it appears that a high degree
of order exists in UAl3.
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Borie studied UAl4 (once identified as UA15(1)) by both X-ray and neutron diffraction, (2)
Chemical analyses and density measurements were somewhat inconsistent with the UAlyg
stoichiometry and structure, However, this inconsistency is explained on the basis of a
defect lattice where some of the uranium sites are unoccupied or are occupied by aluminum
atoms. Analysis of the structure revealed that it can be described as plates of the cubic
UAlj3 structure held together by extra aluminum atoms(2),

¢

Unit Cell
Number Density,
Dimensions, of g/cm3 Space

Phase Type A Molecules X-Ray Other Group Remarks
Delta Fcc a=17,811 8 8.14 8.2 Fd3m  Cl5-type Cup;Mg struc-

(UAI) ture
Epsilor{ Simple a = 4,287 1 6.8 Pm3m Ordered, AuCu3-type

(UAl3) cubic structure
Zeta Ortho- a =4,41 4 5.7+ 0.3 Ima or

(UAl4) rhom- b =6,27 Imma

bic cml13.71
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URANIUM-ANTIMONY

There is evidence of a number of intermetallic compounds in the uranium antimony
system, (1,2,3) The following solubilities of uranium in liquid antimony have been

reported(4):
Temperature, C 650 700 750 800 850 900
Solubility, w/o 0.1 0.3 0.5 0.8 1.8 2.9
12
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Crystallography

The crystallography of USb, U3Sby, and USby compounds is reported by Ferroll,2) as
shown below.

Unit Cell
Number Density,
Dimensions, of g/cm3 Space
Phase Type A Molecules X-Ray Other Group Remarks
USb Fcc a=6.191 4 ) NaCl structure;iso-
morphous with UN,
UP, and UAs
U3Sbg Cubic a =9.095
USbh» Tetragonal a =4,272
c =8.741

References
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URANIUM-ARSENIC

There is evidence supporting three intermetallic compounds in the uranium-arsenic
system, but little else is known about these alloys.
Crystallography

The crystallography of UAs and UAsy compounds is summarized below. The data for
UAs are those of Rundle(l), Ferro(2) reports that UAs is similar in structure to USb, UN,

UP, and UBIi,

On the basis of X-ray studies, landelli(3,4) réports the existence of UAs, U3Asg4, and
UAs
2.

Katz and Rabinowitch(5) have surveyed information on this system.

Unit Cell
Number Density,
Dimensions, of g/cm

Phase - Type A ) Molecules X-Ray Other Remarks

UAs Fcc a=5,767%0.01 4 10,77 NaCl structure, iso-
morphous with rare-
earth arsenides of
La, Ce, Pr, Nd

UAs; Tetragonal a = 3.954 2 9.8 Isomorphous with UP;

c=28.116
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URANIUM-BERYLLIUM
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The Constitutional Diagram

The diagram shown here is the work of Buzzard and co-workers(l), It represents the
results of much difficult and trying work, since the atomic-weight ratio of uranium to beryl-
lium is very high. The work was further complicated by the high volatility of beryllium at
elevated temperatures, In general, the less elaborate work of other investigators is in
agreement with this diagram. No confirmation exists for the tentatively proposed high-
temperature modification in beryllium, which is designated as zeta () in the diagram. De-
tails of the monotectic reaction are amplified in the inset of the diagram.

Buzzard reports that the eutectic between uranium and UBe]3 occurs at a composition
of less than 5 a/o beryllium (0.2 w/o)., He also reports that the solubility of beryllium in
uranium is small and that of the solubility of uranium in beryllium has not been detected, (1)

The National Physical Laboratory reports that the solid solubility of beryllium in
uranium is between 2.8 and 8.4 a/o beryllium. The beryllium-rich eutectic contains about
0.06 a/o uranium{4).
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Crystallography

Data for UBe] 3 are summarized in the accompanying tabulation(2, 3). There is no doubt
that the unit cell is complex, although first studies tended to indicate a simple cubic struc-
ture with a lattice constant of about 5 A, Baenziger and Rundlel{2) studied a whole series of
MBe]3 compounds where M was uranium, thorium, cerium, and zirconium. Study of rota-
tion and Weissenberg diagrams of single crystals of ZrBe]3 revealed the more complex
structure, On closer inspection, they found that the (531) reflection, which requires the
larger unit, could be seen on powder diagrams. Their data were calculated from back-
reflection data obtained with a symmetrical, self-focusing powder cameral2},

Koehler and co-workers(3) studied single crystals of UBe) 3 by both X-ray- and neutron-
diffraction methods, Their work is in complete agreement with that of Baenziger and
Rundle(2),

Unit Cell
Number Density,
Dimensions, of g/cm3 Space
Phase Type A Molecules X-Ray Other Group Remarks
Delta Fcc a = 10,2568 e 8 4,373 4.420 * Fm3c Isomorphous with
(UBe13) 0.0001 0.002 NaZn)3, ThBej3,
at 26 C CeBe)3, and ZrBe,3
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The Constitutional Diagram

The original study of the uranium-bismuth system was performed by Ahmann and
Baldwin{l), Their data indicated the existence of two compounds, UBi and UBip, and their
diagram, although incomplete, had all the major features of the system as it is now inter-
preted, The work of Teitel 2) and Ferrol3 brought about revision of the system as it is
shown here and identified the compounds as UBi, U3Bi4, and UBij3.

Determinations of the solubility of uranium in bismuth by Greenwood(é), who used
filtration, by Cotterill 7), who used thermal analysis, and by Bareis(8), who used filtration
and flotation techniques, are substantially in agreement with the diagram as shown. Green-
wood(6) found the solubility obeyed the relationship log)q (uranium, w/o) = 3.00 - 2440

2
where T is the absolute temperature, and obtained the following values: T
Temperature, C 515 546 502 668 722 760 796 816 898 960
Solubility, w/o 0.7 0.9 1.3 2.7 3.5 5.1 6.7 9.3 13.9 19,6

The values of Bareis{8) agree well with those of Greenwood, but since they cover a
different temperature range, the values are given below:

Temperature, C 271 300 350 400 450 500 550 600 650 700

Solubility, w/o 0.031 0.051 0.108 0.21 0.36 0.60 0.97 1.47 2.18 3.1
16
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Crystallography

Data on the crystallography of the intermetallic compounds in this system are sum-
marized in the tabulation below.

The structure of UBi is from the work of Teitel{2) and was determined by means of
neutron-diffraction experiments. Both Ferrol(3) and Brewer(4) have reported the UBi struc-
ture to be face-centered cubic and give lattice constants of a = 6,356 A and a = 6,364 A,
respectively.

The data for U3Bi4 and for UBip are from the work of Ferrol3, 5),

Unit Cell
Number Density,
Dimensions, of g/cm3 Space

Phase Type A Molecules X-Ray Other Group Remarks
Delta Bc tetrag- a =11,12 24 13.6

(UBi) onal c = 10,55
Epsilon Cubic a = 9,350 4 12,59

(U3Biy)
Zeta Tetrag- a = 4,445 2 12, 38 P4/nmm C38-type

(UBip) onal c = 8.908 structure
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URANIUM-BORON

Although the diagram has not been completed some data are available on the general
characteristics of the uranium-boron system. The system contains three intermetallic com-
pounds: UBj, UB4, and UBlz(l). The portion of the diagram between pure uranium and UBp
has been studied(2) and determined to be of simple eutectic form with the eutectic tempera -
ture between 1120 and 1128 C, The melting point of UB2 is 2440 C, UBg4 exhibits a higher
melting temperature(3) and forms a eutectic with UB2 well above 1565 C,

The compound UB}2 is reported to be too unstable for refractory usel3) and it does not
exist at as such high temperatures as do UB, and UB4,
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Crystallography

The crystallography of UB3, UB‘4, and UB]2 is summarized below. The lattice con-
stants for UB) are reported by Daane and Baenziger(l). Similar results are reported by
Brewer(3), but the lattice constants are given as a = 3,136 = 0,006 A and ¢ = 3,988 + 0,008 A.

The lattice constants of UB4 are taken from the work of Brewer(3), Similar but slightly
lower values are reported by Bertaut(4), Both Bertaut(4) and Zalkin(5) report the space group
of UB4 to be P4/mbm,

The data for UB12 are the work of Andrieux and Blum(6), Additional discussion of the
uranium borides can be found in The Chemistry of Uranium(7),

Unit Cell
Number Densit;y,
Dimensions, of g/cm Space

Phase Type : A Molecules X-Ray Other. Group Remarks
UB, Hexag- a = 3.12 1 12,82 12.8 Axial ratio suggests it

onal ¢ = 3,96 may be isomorphous

with AlB2

UBg4 Tetrag- a = 7.075 @ 0,004 4 P4/mbm Isomorphous with

onal ¢ =3,979 % 0,002 ThB4 and CeBy
UB;» Fcc a =7.473 4 5,825 Fm3m
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URANIUM-CALCIUM

There are very few data on the uranjium-calcium system. However, in attempts to pre-
pare calcium alloys, Ahmannl(1) found no reaction between uranium and calcium after as much
as 24 hr at 800 C,

Crystallography

There are no compounds in the uranium-calcium system.
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