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The phase diagram of the uranium-platinum system was constructed from data ob-

tained by thermal analysis, metallographic examination, and X-ray diffraction.

The sys-

tem is characterized by four intermetallic compounds: UPt, formed peritectoidally at 961°
C; UPty, formed peritectically at 1,370° C; UPt;, melting congruently at 1,700° C; and

UPt;, formed peritectically at 1,460° C.

inum, and a second at 1,345° C and 87.5 a/o platinum.
a/o uranium in platinum and 5 a/o platinum in gamma-uranium.
gamma-beta uranium transformation to 705° C

1. Introduction

The study of the uranium-platinum system, re-
ported herein, represents the completion of the
mitial phase of a program designed to establish the
binary phase relationships between uranium and the
platinide metals; the data from these studies will be
correlated in the light of modern alloy theory, as an
extension of earlier efforts in this field [1]." The
data upon which this proposed uranium-platinum
diagram was constructed were obtained primarily
from thermal analysis, X-ray diffraction, and metal-
lographic studies.

2. Previous Work

A survey of the literature up to 1948 revealed that
information on the constitution of the uranium-
platinum system was meager [2]. A more recent
compilation of the literature by Saller and Rough [3]
in 1955 reported the unpublished information that
the UPt, compound had the hexagonal C-36 type
MgNi, structure. It was also claimed that the beta
uranium phase had been retained at room tempera-
ture by quenching alloys of low platinum content.
Heal and Williams [4] later reported the compound
UPty; however, their investigation was limited to
preparing this particular compound.

3. Preparation and Analysis of Alloys

The component metals consisted of uranium of
about 99.9 percent purity (Mallinckrodt biscuit) and
99.5 percent pure platinum sponge.2  The platinum
sponge was compressed into small pellets with a
hydraulic press prior to preparing the charge.

Alloys in the range 0 to 45 a/o platinum were in-
duction melted under vacuum using beryllia cruci-
bles. Because an alloy of 54.8 a/o platinum showed
evidence of reaction with the refractory, alloys in the
composition range of 45 to 99.5 a/o platinum were

! Figures in brackets indicate the literature references at the end of this paper.

? Spectrochemical analysis of platinum: 0.01 to 0.1 percent of Pd and Be: 0.001
to 0.01 percent of Au; 0.0001 to 0.001 percent of Ca, Mg, and Si; and <0.0001
percent of Cu (all percentages by weight).

One eutectic occurs at 1,005° C and 12 a/o plat-

The maximum solubilities are 4.5
Platinum lowers the

> and the beta-alpha transformation to 589° C.

prepared by arc melting under an atmosphere of
helium. However, additional melts showed that al-
loys of greater than 75 a/o platinum did not react
with beryllia crucibles.

Chemical analyses were made for one constituent
on the as melted alloys. When determining the
platinum content, alloys containing less than 6 a/o
platinum were assayed spectrophotometrically, and
alloys containing more than 6 a/o platinum were as-
sayed gravimetrically.  The uranium determinations
were made spectrophotometrically for alloys with
less than 12 a/o uranium and volumetrically for al-
loys containing more than 12 a/o uranium. The
difference between the nominal and analyzed com-
positions was small, being less than 0.5 w/o when the
alloys were prepared by arc melting and less than
this when induction melted. The compositions of
the alloys used in this investigation are given in
table 1.

4. Procedures
4.1. Thermal Analysis

Thermal arrests were determined from  time-
temperature curves, the samples being heated in a
molybdenum-wound resistance furnace. The acces-
sory apparatus included an electronic controller to
maintain uniform heating and cooling rates and an
electronic recorder to plot automatically the heating
and cooling curves. The thermal curves were
obtained from specimens weighing approximately
100 g, heated and cooled under vacuum (about 10u)
at a rate of approximately 3° C/min. A nickel
cylinder, which was originally used as a thermal
reservoir, limited the maximum temperature to
about 1,400° C; a molybdenum cylinder was later
used as a thermal reservoir. The maximum tem-
perature of the furnace was about 1,550° C. Tem-
perature determinations were made with an annealed
Pt versus Pt—10 percent Rh thermocouple, com-
pared prior to use against a reference thermocouple
-alibrated at NBS.  Under experimental conditions,
temperature measurements are estimated to be accu-
rate to £2° C.
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Tasrue 1. Chemical composition of the wranium-platinum

alloys
| —
Alloy No. ‘ Uranium Platinum
‘ Wt % Wt % ! Atomi
99.8 | 0.2 |
| 4
| 7
1.0
[ L9 |
[ [
| 41 5.0
5.8 7.0
8.3 | 10.0
10.2 | 12.1
11.0 13.1
15.0 17.7
16.3 19.2
28.1 | 32.3
29.3 | 33.6
34.2 } 39.0
44.7
49.8
54.8
58.8
60. 4
59.0 63.7
62.0 66.7
63.8 | 68.2
70.6 | 74.6
71.6 | 76.0
P-32_ [ 6 76.4 | 80. 0
P-21 - 1 76.9 | 80. 3
P9 2 78.8 82.0
P33 - .3 79.7 82.8
P-22. 2 79.8 83.0
P-34._ . 18.5 81.5 84.5
P-23_. 16.2 83.8 86.3
P-14_ . 13.6 | 5. 4 88,6
P8 . 9.1 .9 | 92.4
P-24 6.5 | [ 04,6
P-7_. 4.4 [ 96. 4

The thermal arrests of all alloys were derived from

the cooling curves. When determining liquidus
temperatures in allovs of greater than 74.6 a/o

platimum above 1,500° C, thermal analyses were
made in an induction furnace under vacuum, and
temperature measurements were made with an
annealed molybdenum-tungsten thermocouple con-
tained in a beryllia protection tube. This thermo-
couple was calibrated against the melting point of
the platinum sponge; it is believed to be accurate
to within 4=10° C under the experimental conditions.
For these determinations, a premelted alloy was
remelted by induction so that the thermocouple and
its protection tube could be inserted from above.

A cooling curve was obtained on an electronic
recorder while the decrease in temperature was

achieved by reducing the input to the converter
gradually and uniformly by means of a motor-driven
gear and chain drive.

Thermal analyses of alloys in the range 0 to 45
and 75 to 100 a/o platinum were made with the
alloys contained in beryllia crucibles. Since alloys
in the range 45 to 75 a/o platinum sometimes showed
a reaction with the beryllia crucibles, thermal
analyses on these alloys were made with the samples
resting on either thoria or beryllia plates and heated
by induction. Whenever metallovl‘aphlc observa-
tion indicated that contamination was excessive,
the results were discarded. For some of the high
temperature determinations, a filament furnace in
which the specimen was heated by its electrical

108

resistance was employed, with temperatures being
determined with an optical pyrometer to an accuracy
of 10° C. Values thus obtained with no possibility
of contamination by a crucible were considered to be
reliable data. Only one temperature determina-
tion, either the melting point or the decomposition

temperature, could be made with the optical py-
rometer. The observed temperatures were used, no

correction being made for the emissivity of the
specimens.

4.2. Metallographic Analysis

The spvcimvm for metallographic analysis were
mounted in Bakelite and then rough ground on a
series of silicon carbide papers, the final paper being
000 grit. The specimens were then finished on a
wet broadeloth lap with either levigated alumina
or with 1-x diam diamond powder as the abrasive.
In many instances, the uranium-rich alloys required
a final electrolytic polish; the electrolytic solution
consisted of 5 parts orthophosphoric acid, 8 parts
ethylene glycol, and 8 parts ethyl alcobol. This
final polish required 3 to 6 immersions of 15 sec
cach at 30 v and 10 amp/cm?.

The structures of the uranium-rich alloyvs were
developed by electrolytic vt(l)ing consisting of 2 to
4 immersions of 10 sec each at 5 v and 1 amp/em?
in a 10 percent chromic acid solution. Alloys in
the range 50 to 75 a/o platinum exhibited a high
degree of resistance to chemical attack. Immersion
periods as long as 5 min in an aqueous solution of
60 percent nitric acid were often required to obtain

a satisfactory etch.  Some platinum-rich alloys were
etched by 1mmersion in aqua regia, but, as this

reaction was not easily controlled, an (‘1(‘([1‘()]}'trl(,
etching method was developed using alternating
current and a solution of 5 percent sodium cyanide
and employing 2 to 4 immersions of 20 sec each at 10
~and 10 amp/em?.

All of the alloys were homogenized prior to quench-
ing from various temperatures for subsequert
metallographic  examination. The samples were
sealed, under helium atmosphere, in high-silica glass
tubes, homogenized for 8 days at temperature, and
furnace cooled. Alloys in the composition range
0 to 55 a/o plntmum were homogenized at 800° C,
those in the range 55 to 75 ajo at 950° C, and those
in the range 75 to 99.5 a/o at 1,000° C. The exami-
nation of samples from the initial heat treatments
revealed that, in the composition range of 55 to 65
a/o platinum, a large amount of contamination from
the silica tubing had occurred. To avoid this,
alloys for subsequent heat treatment were wrapped
in molybdenum sheet prior to sealing in the silica
tubing; no molybdenum contamination was detected
by chemical tests. The bhomogenized specimens
were subsequently sealed individually in silica tub-
ing, reheated to selected temperatures, and guenched
in ice water, using the nickel-block technique [5].
Quenching temperatures were measured with a Pt
versus Pt—10 percent Rh thermocouple, previously
calibrated against a standard thermocouple, which
under the experimental conditions was accurate to



+2° (. In determining the solubility of platinum
in uranium, the specimens were heated into the
gamma range, then cooled to the desired tempera-
ture, and quenched.  When quenching to determine
the solidus line, the samples were quenched from
the highest temperature attained. To determine
the uranium solubility in platinum, homogenized
specimens were heated to above 1,250° C before
cooling to the quenching temperature. For tempera-
tures above 1,250° C, the specimens were quenched
when the desired temperature was attained on
heating.

Because several of the phases were observed to be
optically active, the phase boundaries were located
by using polarized light. The alloys were examined
under crossed Nicols and the characteristic extine-
tions of each of the various phases observed. In
some cases, no extinctions were observed when the
stage of the microscope was rotated through 360°.
In others, when the stage was rotated through 360°,
two extinctions were observed and the phase was
designated as two-fold active. In still other instances
four extinctions were apparent as the specimen was
rotated through 360°, and this phase was designated
as four-fold active.

4.3. X-Ray Analysis

The specimens which were used for the metallo-
graphic studies were subsequently placed in an X-ray
diffractometer, and their room temperature diffrac-
tion patterns obtained by the use of either Cu-Ka or
Co-Ka radiation. Powder patterns and film tech-
niques were subsequently employed to supplement
the diffractometer data. By the application of these
techniques, and the utilization of the disappearing-
phase method of analysis, it was possible to approxi-
mate the composition at which phase boundaries
occurred. These results were then correlated with
the thermal and metallographic data.

4 4. Hardness Determinations

The hardnesses of the various microconstituents
were determined by the static indentation method,
using a Bergsman hardness tester. The applied load
ranged from 1 to 10 g, with an indentation time of
10 sec, and measurements were made at X 750. The
results were then converted to diamond pyramid
hardness (DPH), kg/mm?.

5. Results
5.1. Thermal Analysis Data

The results of the thermal analyses are given in
table 2, with the “arrest points,”” as determined from
cooling curves, listed. These data indicate that addi-
tions of platinum to uranium lower the melting points
of uranium alloys to a projected minimum of 1,005° C
at about 12 a/o platinum. From this point, the melt-
ing points of the uranium-platinum alloys rise to a
maximum of 1,700° C at 75 a/o platinum. KFrom

TABLE 2.—Summary of thermal data

Composi- | P o
tion, a/o Pt | I'hermal arrests
,

a. Pt versus Pt—109 Rh thermocouple

Liquidus UPts Eutectic | UPt -8
(75 L S °¢ g

0.0 1131 . SR I 767

.25 1131 I 759

5 1120 o 759 |

L2 | 1110 741

2.35 1102 . 715

5.0 1098 | 703

7.0 1072 | - -| 705
10.0 1043 996 | 697 ‘
12. 1 1005 1005 | 91 | 702 |
13.1 1020 999 | S 706 |
17.7 1051 . 1009 : 705
19.2 1066 | 1005 | 967 | 704
32.3 1222 1002 | 959 | 708 |
33.6 1239 1009 963 709 |
39.0 - 993 | 953 689 |
4.7 1385 1030 | 963 | 4
84.5 1481 | 1460 | 1340 |- SO | SR N————
86.3 . | 1336 | - | R

b. Optical pyrometer
39.0 + 1310 l ! . “
19.8 1415 | . oe-- i ISR I
5.8 1515 | [cmmoooas
60.4 | 1385 [
68.2 | 1360 | |- }
74.6 | 1700 E |
[ ¢. W-Mo thermocouple
| | | -

80.3 | 1655 | [ . [ |- . :
82.0 | 1548 | 1455 | [ [ -
82.8 | 1525 1458 [ o
886 | 1545 | - 1360 [-- .
94. 6 1550 | 1363 o ‘ ) i
96. 4 1660 | | I | -|
99.5 1760

= [Liquidus or reaction temperature.

this maximum the liquidus temperatures drop rapidly
to an indicated low of 1,345° C at about 87.5 a/o
platinum and then rise rapidly to the melting point
of the platinum sponge at 1,760° C.

The transformation temperatures of the allotropic
forms of uranium were affected by the addition of
platinum. The gamma-beta transformation tem-
perature of uranium was lowered from 762° C to
705° C by the addition of platinum. This arrest
temperature was fairly constant for alloys containing
from 5 to 33 a/o platinum. The beta-alpha trans-
formation temperature was similarly lowered from
657° C to 589° C in the composition range of 0.5 to
13 a/o platinum. A suppressing effect was noted in
alloys containing from 13 to 33 a/o platinum, result-
ing in the beta-alpha transformation sometimes
occurring as low as 567° C.  Greater variation in the
beta-alpha uranium transformation temperature than
in the gamma-beta uranium transformation tempera-
ture is evident from the thermal analysis data.
These data may indicate the greater likelihood of
retaining the beta- rather than the gamma-uranium
phase on quenching.

In the composition range of 0 to 75 a/o platinum,
liquidus determinations show that the melting points
of the alloys decrease from 1,131° C to about 1,005°
( over a composition range of 0 to 12 a/o platinum.
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The arrest at about 1,005° C occurred in alloys
containing up to 33.6 a/o platinum, thus being in-
dicative of a eutectic reaction. A second reaction
horizontal was similarly observed to occur near 961°
C in alloys containing up to 44.7 a/o platinum, thus
indicating the solid state decomposition of an inter-
metallic compound. A third horizontal was ob-
served at about 1,370° C in alloys of 60.4 and 68.2
a/o platinum, and this was considered to be indicative
of the formation of a second intermetallic compound.

The melting point of the 75 a/o platinum phase
was estimated to be 1,700° C, which was the approxi
mate melting point of a 74.6 a/o platinum alloy as
determined from optical pyrometer measurements.

In the composition range of 75 to 84 a/o platinum,
the eutectic horizontal at 1,345° C was not observed,
although a peritectic reaction was detected near
1,460° C. An alloy of 84.5 a/o platinum developed
thermal arrests at 1,340°, at 1,460°, and at its
melting temperature of 1,481° C, thus indicating
that the alloy must lie in the eutectic field adjoining
the terminal solid solution field but still be below the
peritectic horizontal. An alloy of 82.8 a/o platinum
did not develop the eutectic arrest, but it did show a
definite arrest at 1,458° C, thus indicating that a
phase boundary must lie between the 82.8 and 84.5
a/o platinum compositions.

In the composition range of 75 to 100 a/o platinum,
the minimum located near 1,345° C was determined
to be due to a eutectic reaction, inasmuch as a
thermal arrest was observed in alloys having nominal
compositions in the range 84.5 to 94.6 a/o platinum.
No other arrests were observed below this tempera-
ture in this composition range.

The eutectic horizontal at the platinum-rich end
was located by quenching techniques, using an alloy
of 88.6 a/o platinum—the approximate eutectic
composition. While this alloy showed no fusion at
1,340° C, it both fused and shattered on quenching
from 1,350° C. This behavior established the fusion
temperature within the range observable in this
procedure, and thereby confirmed the results of
thermal analysis of alloys of 84 to 95 percent.

5.2. Microstructures of the Alloys

The microstructures of alloys containing less than
5 a/o platinum varied appreciably depending on
quenching temperature, and thus served to indicate
the solubility variations in the several allotropic
phases of uranium. The microstructure of the 5.0
a/o platinum alloy aided in determining the approx-
imate maximum solid solubility of platinum in
gamma-uranium, for when quenched from 720° C,
the structure of this 5.0 a/o platinum alloy was two
phase (fig. 1a). The second phase was observed to
be spherodized at 990° C and had almost entirely
disappeared, thereby indicating that this composi-
tion closely approximated the limit of solid-solubility
of platinum in gamma-uranium. Thus it was con-
cluded that the limit of solubility at the eutectic
temperature was approximately 5 a/o platinum.
The alloy of 2.35 a/o platinum varied in appearance
according to the quenching temperature. For

example, the structure of a slowly-cooled sample
(3° C/min) was two-phase (fig. 1b); whereas quench-
ing from 590° C produced what appeared to be a
transition structure, and quenching from 700° C
produced a structure which appeared to be almost
entirely of the eutectoid type (fig. 1¢). Further-
more, the structures of samples of this alloy quenched
from temperatures of 720° C and above were of the
solid solution type. It therefore appears that this
composition (2.35 a/o platinum) closely approaches
the eutectoid of the gamma decomposition.

The beta-uranium solvus was located approxi-

mately by quenching experiments. A 1.2 ajo
platinum alloy, when quenched from 590° C,

revealed what appeared to be a eutectoid decom-
position (fig. 1d) but became a single phase struc-
ture when quenched from 600° C (fig. 1e). On the
other hand, the 2.35 a/o platinum alloy was two-
phase both at 590° C and at 700° C, thus locating
the beta solvus between these two compositions.
The room temperature solubility of platinum in
uranium was shown to lie between 0.9 and 1.2 a/o
platinum (figs. 1f, ). Ewven though thermal analysis
indicates that the platinum solubility in alpha-
uranium may be below 0.5 a/o, consideration of
homogenized and alpha-quenched specimens indi-
cates the higher solubility of between 0.9 and 1.2
a/o platinum.

The solidus line in the uranium-rich field was
located by quenching techniques. An alloy of 1.2
a/o platinum showed evidence of melting in the
temperature range between 1,060° C and 1,090° C.
For an alloy of 2.35 a/o platinum the solvus lies
between 1,050° C where solid solution was evident
and 1,075° C, where fusion occurred.

Metallographic evidence for the eutectic temper-
ature was sought by using a 13.1 a/o platinum alloy
which was estimated to be near the eutectic com-
position. A sample of this composition, on being
quenched from 1,000° C, showed a eutectic structure
while another such sample, quenched from 1,010 °C,
showed partial fusion, thus bracketing the eutectic
horizontal within 4+5° C at 1,005° C.

The homogenized specimens in the composition
range of 0 to 50 a/o platinum showed an increasing
amount of second phase with increasing platinum
content. The two phases present in the homogen-
ized 33.6 a/o platinum alloy and their relative
amounts indicated that no compound of 33.3 a/o
platinum exists. Both of the phases were optically
active with the terminal solid solution showing four-
fold activity and the second phase showing twofold
activity under polarized light. The microstructure
of the 49.8 a/o platinum specimen was practically
single phase (fig. 1h). In view of the structures
observed in the two ranges of 0 to 49.8 a/o platinum
and of 49.8 to 60.4 a/o platinum, it was concluded
that a phase existed at the apparent composition of
UPt.

The metallographic and thermal data for the
uranium-rich alloys have been summarized in
figure 2.

Instead of the expected two-phase structure,
alloys in the range of 55 to 64 a/o platinum showed
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Samples a, b were etched in

chromicacid; ¢, d, e, f, g were electropolished in solution of orthophosphoric acid, ethylene glycol, and ethyl alcohol; h was not etched.
a.

b. Alloy of 2.35 a/o platinum, after thermal analysis, UPt in uranium matri X 1000.

c. Alloy of 2.35 a/o platinum, quenched from 700° C, UPt in uranium mat X 200.

d. Alloy of 1.2 a/o platinum, quenched from 590° C, UPt in uranium matrix. X 100.

e. Alloy of 1.2 a/o platinum, quenched from 600° C, uranium solid solution. X 500.

f. Alloy of 0.9 a/o platinum, homogenized, uranium solid solution. X 100.

2. Alloy of 1.2 a/o platinum, after thermal analysis, UPt in uranium matrix. Polarized light. X 100.
h. Alloy of 49.8 a/o platinum, uranium in UPt matrix. X 200.
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Freure 1. Microstructures of uranium-platinum alloys.

Alloy of 5.0 a/o platinum, quenched from 720° C, UPt in uranium matrix.
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O indicates single phase alloy, @ indicates two phase alloy, @ indicates fusion;
indicates thermal arrest.

a single phase structure after homogenization.
However, quenched specimens in this range showed
increasing amounts of silica contamination upon
quenching from higher temperatures. Since alloys
in this range had also showed a reaction with beryllia
when induction melted, these alloys were protected
from contact with silica by molybdenum sheet.
After homogenization these alloys then showed two
phases, consistent with their “as cast’” structure.
In addition, the X-ray patterns were also consistent
with the observed microstructures and indicated no
apparent molybdenum contamination.

The two phase structures occurring in the alloys
between 50 and 75 a/o platinum showed one optically
inactive phase, one that revealed twofold optical
activity, and one that revealed fourfold optical
activity under polarized light. In the alloys be-
tween 50 and 64 a/o platinum the phase of twofold
activity (UPt) and an optically inactive phase were
present, and the alloys in the range of 68.2 to 74.6
a/o platinum contained an optically inactive phase
and one of fourfold activity. The presence of the
phase having no optical activity was interpreted to
signify that a new homogeneous “field” was to be
encountered between 63.7 and 68.2 a/o platinum.
The distribution of the constituents of the micro-
structures indicated the phase boundary to have the
apparent composition of UPt,. In confirmation of
this, a single phase structure was developed in an
alloy of 66.7 a/o platinum (fig. 3a) when heated by
its own electrical resistance to about 1,350° C, thus
serving to substantiate the existence of the UPt,
compound.

In the composition range of 75 to 96 a/o platinum
three phases were identified. However, alloys in
this range reacted readily with silica tubing and
consequently had to be protected with beryllia dur-
ing quenching studies. Alloys in this range also
exhibited varying degrees of optical activity under
polarized light. The structure of the alloy at 74.6
a/o platinum consisted almost entirely of a single
phase having fourfold optical activity (fig. 3b), thus
apparently indicating the existence of the UPt,
phase. Alloys in the composition range 84 to 95
a/o platinum were two phase, consisting of the
terminal solid solution which was not active under
polarized light and a second phase which displayed
twofold activity under polarized light. The 84.5
a/o platinum alloy showed an active and an inactive
phase under polarized light, and it consisted pre-
dominantly of the active phase. The 80.0 a/o
platinum alloy consisted of two phases both of which
were active under polarized light, one being twofold
and the other fourfold active. In view of this, it
was concluded that an intermetallic compound must
be located between 80.0 and 84.5 a/o platinum; of
the two possible compound compositions in this
range, UPt, and UPt;, that of UPt; must be elimi-
nated since the 80.0 a/o platinum alloy definitely
consisted of two phases. Also, since an alloy of
82.8 a/o platinum was predominantly single phase
(fig. 3¢) and showed twofold activity under polarized
light, it would seem to indicate proximity to the
nominal phase composition. Thus the existence of
the UPt; (83.3 a/o Pt) phase was postulated, and its
existence persisted to at least 1,340° C, as indicated
from observation of quenched specimens. In the
range of 75 to 83.3 a/o platinum (UPt; to UPt;) only
two phases were observed, both being optically
active.

The solid solubility of uranium in platinum was
determined by metallographic observation of alloys
containing more than 94 a/o platinum. An alloy
of 96.4 a/o platinum was entirely single phase (fig.
3d) whereas a 94.6 a/o platinum alloy showed a
small amount of second phase, from which it may
be concluded that the room temperature solubility
of uranium in platinum is approximately 4 ajo. At
elevated temperatures the 96.4 a/o platinum alloy
was single phase up to the maximum quenching
temperature of 1,340° C, and the 94.6 a/o platinum
alloy contained two phases to the same temperature.
Thus, these quenching experiments indicate that the
solvus lies between 94.6 and 96.4 a/o platinum up to
1,340° C.

5.3. Microhardness Results

Microhardness tests were made to assist in the
differentiation between the various constituents in
the several fields occurring in the uranium-platinum
system (table 3).

Hardness data provided additional evidence which
helped to clarify the peculiarities noted in an alloy
of 54.8 a/o platinum. After homogenization in silica

tubing, samples of this alloy showed a single phase
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FiGure 3.

Microstructures of uranium-platinum alloys.

Specimens a, d were etched in sodium cyanide; b, ¢ were not etched.

a. Alloy of 66.7 a/o platinum, UPt; phase.
b. Alloy of 74.6 a/o platinum, U Pt plmso
¢, Alloy of 82.8 a/o platinum, UPt; in a matrix of UPt;
d. Alloy of 96.4 a/o platinum, platinum terminal solid xolutmn

TasLe 3. Hardness of phases in wranium-platinum alloys

Diamond pyramid

hardness a
PRE— SSERET e SIS 1 S —— | QR A ety
|
Uranium solid solution ~ | 425
L0297 . et . | 385
UPts. .. - e e 905
UPts_.. SRR R 405
UPts.. 610
Platinum solid solution ‘ 250
}

a Average of 5 or more determinations.

having a diamond pyramid number of 565. However,
after homogenization using a protective molyb-
denum sheet, the samples exhibited two phases
having hardnesses of DPH 419 and 822 which were
comparable to the hardnesses of the two phases
present in this alloy after a thermal analysis run.
The hardnesses of phases in alloys containing from
33.6 to 74.6 a/o platinum served to substantiate the
conclusion that the alloy-refractory reaction resulted
in the peculiarities noted in the 54.8 a/o platinum
alloy.

X 100.
Polarize

1 light, >< 500.
500.

X 250.

5.4. X-Ray Data

X-ray diffraction patterns were obtained from the
same specimen surfaces that were used for the metal-
lographic examinations, and the data obtained were
correlated with the microstructures. The charac-
teristic d-values of the intermetallic phases are listed
in table The alloys in the composition range
75 to 85 a/o platinum were very brittle and could be
readily crushed to powder; hence, camera techniques
were employed to supplement the diffractometer
data.

X-ray patterns were analyzed and compared with
the known diffraction patterns for uranium [6, 7, 8],
with the pattern for platinum [9], and with the
reported UPt; pattern [3].

The diffraction patterns for the homogenized
specimens in the range of 0 to 49.8 a/o platinum
showed, with increasing platinum content, decreasing
relative intensity of lines and in the number of lines
attributable to the terminal uranium phase, as well
as in the appearance of additional lines which could
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TasLe 4.  X-ray difiraction data of wranium-platinum inter-

melallic compounds
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not be ascribed to any previously reported com-
pound. Alloys containing more than 49.8 a/o
platinum had no lines corresponding to the uranium
phase but did have lines believed to be caused by
presence of the compound UPt which existed at
50 a/o platinum. The lines obtained from the UPt
phase had almost disappeared in an alloy containing
63.7 a/o platinum, and a still different pattern
attributable to another phase had become apparent.
In an alloy of 68.2 a/o platinum the UPt lines had
disappeared, being replaced by the lines of a new
phase. These results indicated the existence of a
phase containing 66.7 a/o platinum, UPt,. An
allov of 74.6 a/o platinum had lines believed to be
obtained from UPts; and none that could be assigned
to either the UPt, or the platinum-rich terminal
solid solution. As the amount of platinum in-
creased bevond 75 a/o platinum, the UPt; pattern
became weaker, and a new pattern, that attributed
to the UPt; phase, appeared. The presence of the
UPt; phase was indicated in the patterns from alloys
of up to 82.0 a/o platinum. Progressive changes in
the powder patterns of alloys having 76.0, 83.0, and
84.5 a/o platinum clearly indicated the presence of a
compound having the apparent UPt; composition.
In the range between 84.5 and 96.4 a/o platinum the

characteristic d-values of the terminal solid solution
were observed in conjunction with a set of d-values
which had also been associated with the UPt;
values determined by camera techniques.

Diffraction patterns were also obtained from alloys
having essentially a single phase. In most cases the
patterns exhibited strong, sharp diffraction lines,
although the pattern from the 49.8 a/o platinum
alloy (UPt phase) was very weak and poorly de-
fined. No special effort was made to determine
crystal structures. However, it was apparent that
the characteristic d-values of the UPt; phase ob-
tained from these experiments did not coincide with
the calculated values for the proposed UPt; com-
pound [3]. The discrepancies may be attributed to
the different methods of preparing the samples.

The solid solubility of uranium in platinum was
determined from quenched specimens by means of
back-reflection X-ray methods. The film-to-speci-
men distance was calibrated by using the known
“reflections” from the 420 plane of silver in the
powder form. The change of lattice parameter with
the increase of uranium solubility is positive (table
5). From these data, the solubility of uranium in
platinum increases from a value of 4.0 a/o at room
temperature to a maximum of 4.5 a/o at the eutectic
temperature. The calculated inerease in volume of
the platinum lattice at the eutectic temperature is a
maximum of 3 percent.

The X-ray data obtained from quenched speci-
mens containing low platinum percentages, 0.25 to 5.0
a/o platinum, were compared with the data for the
uranium phases. There was no evidence of retention
of the beta-uranium or gamma-uranium phases in
the diffractometer patterns.

TABLE 5.

Solubility determination of wranium in platinum

Lattice parameters, A ‘ Resultant
Quenching ‘7 - R . | uranium
temperature | solubility
‘ 99.5a/o Pt | 96.4a/0 Pt } 94.6a/o Pt | 92.4a/o Pt
= = S S ‘
oc | | i ‘ | a
Room _ 3.953 | 3. 956 4.0
1200 bt . 958 ‘ 3. 964 5 4.3
1340 3.927 3. 958 | 3.966 | 3. 967 4.5

6. Discussion

6.1. Uranium Terminal Solid Solution

The degree of solubility of platinum in uranium
was determined primarily by metallographic data.
The microstructures of alloys containing greater
than 5 a/o platinum consisted of two phases when
quenched from near the eutectic temperature. The
5.0 a/o platinum alloy quenched from 990° C con-
tained only a trace of a second phase. Hence, 1t was
concluded that the maximum solubility of platinum
in uranium at the eutectic temperature was approx-
imately 5 a/o. The structure of a quenched beta
alloy having 2.35 a/o platinum was typically eutec-
toid and thus located the gamma-uranium decompo-
sition, and the structure of this alloy quenched from
the gamma field was typically solid solution. The
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0.5 a/o platinum alloy was solid solution throughout
the beta field. However, a 1.2 a/o platinum alloy
was two phase at 590° C and solid solution at 600° C.
The 2.35 a/o platinum alloy was two phase both at
590° C and at 700° C. Hence, the maximum solu-
bility of platinum in beta-uranium lies between 1.2
a/o and 2.35 a/o. The room temperature solubility
of platinum in uranium was shown to lie between
0.9 and 1.2 a/o platinum.

X-ray data of alloys containing up to 5 a/o plati-
num, obtained from quenched specimens, gave no
conclusive evidence of the retention of beta- or
gamma-uranium, as previously reported for this
system [3].

6.2. Uranium-UPt, Eutectic

Thermal analysis data indicated a decrease in the
melting point of uranium alloys to a minimum at
approximately 1,005° C' at about 12 a/o platinum.
The existence of a reaction horizontal was noted by
thermal analysis of alloys in the composition range
of 10 to 39 a/o platinum. A metallographic survey
of quenched alloys in the composition range of 5 to
50 a/o platinum indicated the existence of a eutectic
horizontal at approximately 1,005° C. The applica-
tion of lever analysis to the distribution of the micro-
constituents indicated the placement of the eutectic
point at about 12 a/o platinum. Based on these data,
it was concluded that a eutectic between the terminal
solid solution and UPt, exists at an apparent compo-
sition of 12 a/o platinum at a temperature of 1,005° C.

6.3. UPt Phase

Thermal analysis data show the presence of the
arrests characteristic of the allotropic transformations
of uranium in the composition range of 0 to 45 ajo
platinum, and the data fail to show the presence of
these arrests in alloys in excess of 50 a/o platinum.
Also, when this information is coupled with the pres-
ence of an arrest at 961° C, it must be considered
indicative of a compound formed by a peritectoid
reaction at 961° C and 50 a/o platinum. Since the
49.8 a/o platinum alloy was essentially single phase
after homogenization while the 33.6 a/o and 39.0 a/o
platinum alloys were definitely two phase, the most
likely composition for a compound was in the 1 to 1
atomic ratio. X-ray techniques utilizing the dis-
appearing phase method also indicate the presence
of a phase boundary at 50 a/o platinum. Observa-
tions of the specimens under polarized light indicated
two active phases in the 0 to 50 a/o platinum range
and only one active phase in the field between 50
and 66 a/o platinum. Based on all these data, it
was concluded that the compound formed peritec-
toidally at 961° C has the apparent composition of
UPt.

6.4. UPt, Phase

X-ray data for alloys in the range 55 to 75 a/o
platinum indicated the presence of a phase in the
vicinity of 67 a/o platinum. The increasing strengths
of certain diffraction lines and the comparison of

the d-values for the UPt and UPty phases permitted
the separation of the pattern for the UPt, phase.

The microstructures of the alloys in the composi-
tion range 66 to 75 a/o platinum contained two
phases, one of which showed fourfold activity under
polarized light and a second which was not active.
This differed from two phase alloys in the 50 to 66
a/o platinum composition range, for these showed
one constituent very strongly twofold active and a
second constituent not optically active. Thus the
metallographic data indicated a change of the phases
being located near 67 a/o platinum. The single
phase microstructure developed in a 66.7 a/o plati-
num alloy heated by its own electrical resistance
completely substantiated the conclusion that the
UPt, phase was present.

In view of these data, it was concluded than an
intermetallic compound UPt, exists and thermal
analysis data indicate that it is formed peritectically
at 1,370° C.

6.5. UPt, Phase

The alloy having 74.6 a/o platinum had a melting
point of 1,700° C, the highest observed in the melt-
ing point determinations. This was indicative of a
congruently melting compound situated near the 75
a/o platinum composition. The X-ray data revealed
that a phase boundary should exist at 75 a/o plati-
num, for the data showed that one specific pattern
became easily identifiable as the 75 a/o platinum
content was approached. The essentially single
phase microstructure of a homogenized 74.6 a/o plat-
inum alloy indicated a possible phase boundary. In
addition, a change of optical activity under polarized
light was apparent near the 75 a/o platinum compo-
sition. In view of these data, it was concluded
that UPt;, a congruently melting compound, exists
in this system.

6.6. UPt; Phase

Alloys in the neighborhood of the stoichiometric
UPt; composition were extremely reactive, being
contaminated by either silica or molybdenum.
These reactions completely masked UPt; on the pre-
liminary survey though certain inconsistent data
were noted. Protection of the alloys with beryllia
permitted heat treatment without contamination.
The compound was eventually located by thermal
analysis data in that the 82.8 a/o platinum alloy
did not develop a thermal arrest at 1,340° C while
the 84.5 a/o platinum alloy did show such an arrest.
However, both of these alloys did develop an arrest
near 1,460° C. Metallographic data in the UPts-
terminal solid solution field showed that the UPt;
had twofold activity under polarized licht while the
terminal solid solution revealed no activity. In the
two phase field of alloys of 75 to 83 a/o platinum
one of these phases showed twofold activity, whereas
the other displayed fourfold activity under polarized
licht. The microstructure of the alloy at 82.8 a/o
platinum was predominantly single phase and showed
twofold activity under polarized light. Thus the
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metallographic data indicated the existence of a
compound at approximately 83 a/o platinum. Both
X-ray diffractometer data obtained from the metal-
lographic specimens and the diffraction data obtained
from unsieved powder specimens indicated, by the
disappearing phase method, the existence of a com-
pound at UPt;. This, coupled with the existence
of a reaction horizontal at 1,460° C, indicated the
existence of UPt; which forms peritectically at
1,460° C.

6.7. Platinum Terminal Solid Solution

Results of both the X-ray and metallographic
examinations show that the solvus of the platinum
terminal solid solution rises very steeply from room
temperature to the eutectic temperature. The high
temperatures involved and the economics of plati-
num alloy studies did not permit more extensive
alloy preparation with the resultant more precise
location of the solvus. However, the X-ray and
metallographic data, coupled with the thermal
analysis data, locate the solvus within the composi-
tion range of 94.6 to 96.4 a/o platinum for the tem-
perature range from room temperature to 1,340° C.
In view of this, the solubility of uranium in platinum
is considered to be 4.0 a/o at room temperature,
increasing to 4.5 afo at 1340° C.

A combination of thermal and metallographic
data fixed the eutectic composition near 87.5 a/o
platinum and at 1,345° C.

7. Summary

The platinum-uranium system (fig. 4) was con-
structed from data obtained by thermal, metallo-
graphic, and X-ray analysis.

This system is characterized by two eutectics, one
occurring at 1,005° C and a composition of 12 a/o
platinum and the second at 1,345° C and 87.5 a/o
platinum; and four intermetallic compounds, one
formed peritectoidally at 961° C with an apparent
composition of 50 a/o platinum (UPt), the second
formed peritectically at 1,370° C with an apparent
composition of 66.7 a/o platinum (UPt,), the third
melting congruently at about 1,700° C with an
apparent composition of 75 a/o platinum (UPt,),
and the fourth formed peritectically at 1,460° C
with an apparent composition of 83.3 a/o platinum
(UPt;).

The solubility of uranium in platinum is approxi-
mately 4.5 a/o at the eutectic temperature of 1,345°
C, decreasing with temperature to about 4.0 a/o at
room temperature. The solubility of platinum in
uranium 1is approximately 5 a/o at the eutectic
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Uranium-platinum phase diagram.
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temperature of 1,005° C, decreasing to near 2.35 a/o
at the gamma-beta transformation; it is less than
1.2 a/o at the beta-alpha transformation, and is
greater than 0.9 a/o at room temperature.

The gamma-beta transformation temperature of
uranium was lowered from 767° to 705° C, and the
beta-alpha transformation temperature was lowered
from 657° to 589° C by the addition of platinum.
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