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Abstract

Phase equilibria in the system Mo±Si±U were established at 1400°C for the region less than 60 at.% U and at 850°C

for the region less than 70 at.% Si by optical microscopy, EMPA and X-ray di�raction. Three ternary compounds were

observed and characterised by X-ray powder or single-crystal data re®nement: (1) stoichiometric U2Mo3Si4 (U2Mo3Si4-

type); (2) U�Mo1ÿxSix�2 (MgZn2-type) extending at 1400°C from U�Mo0:62Si0:38�2 to U�Mo0:75Si0:25�2 but with a small

®eld of existence at 850°C around U�Mo0:68Si0:32�2 and (3) U4Mo�MoxSi1ÿx�1Si2 (ordered structure variant of W5Si3-

type) extending at 850°C from x � 0 to x � 0:33. The magnetic behaviour of the three compounds is characterised by

temperature independent paramagnetism. Ó 2001 Elsevier Science B.V. All rights reserved.

1. Introduction

In continuation of our systematic studies [1±4] of

strong electron correlations in higher order intermetal-

lics, we presently focus on the constitution, the struc-

tural chemistry and in particular on the possible

occurrence of co-operative magnetism and/or super-

conductivity depending on the 5f-hybridisation in ter-

nary uranium base alloy systems with 4d-metals and

silicon. Despite phase equilibria have not been evaluated

in detail for the Mo±Si±U ternary, early reports men-

tioned the existence and crystal structure of two ternary

compounds: U2Mo3Si4 with a unique structure type [5]

and U�Mo0:62Si0:38�2 with the MgZn2-type [6]. Single

crystal X-ray re®nements [7,8] con®rmed symmetry and

structure type for both these compounds. For

U�Mo0:62Si0:38�2 a partial random occupation of Mo and

Si atoms in the (2a) and (6h) sites of space group

P63=mmc was established [7]. Recent studies [9,10] of the

phase equilibria in the uranium-rich part of the diagram

at 850°C con®rmed the existence of U2Mo3Si4, but in

addition claimed the formation of two further ternary

compounds: `U3MoSi2' and `U4MoSi3', the crystal

structures of which are still unaccounted for. A peritectic

mode of formation was proposed for `U3MoSi2' ac-

cording to the reaction: L + `U4MoSi3' + U2Mo3Si4

�`U3MoSi2' [9,10].

In order to provide details on the phase equilibria,

the present paper deals with the phase relations in the

complete isothermal section of the ternary, with the

crystal structure of the observed ternary compounds as

well as with their magnetic behaviour in the temperature

range 1.4±300 K and in ®elds up to 6 T. As far as the

phase equilibria and compatibility of U3Si2 with Mo-

metal are concerned, the research reported herein is

related to low-enriched uranium (LEU) proliferation

resistant reactor fuel systems [11,12].

2. Experimental

Samples usually were of a total weight of 1 g and

were prepared by argon-arc or high frequency levitation

melting. Platelets of depleted uranium (claimed purity of

99.9% by E. Merck, Darmstadt, D), pieces of 6 N-silicon
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(Alfa Ventron, Karlsruhe, D) and precompacted pow-

ders of molybdenum (99.9%, Metallwerk Plansee, Aus-

tria) were used as starting materials. The U-platelets

were surface cleaned in diluted HNO3 prior to melting.

The samples were remelted several times for homoge-

neity and weight losses were checked to be altogether

less than 0.5 mass%. For the alloys with a uranium

content less than 40 at.% U, a part of each button was

annealed at 1400°C for 200 h on a W-substrate in a high-

vacuum furnace with a W-sheet metal thyristor con-

trolled heating system under a dynamic vacuum better

than 10ÿ4 Pa. After heat treatment the samples were

cooled by switching o� the power to the furnace. A part

of each of the U-rich alloys was contained within a small

alumina crucible, sealed in evacuated silica tubes and

heat treated at 850°C for 250 h and ®nally quenched by

submerging the capsules in cold water. Further details of

sample preparation, of the X-ray techniques used (including

quantitative Rietveld analyses employing the Fullprof pro-

gram [13]) as well as a general description of the magnetic

measurements (SQUID-magnetometer) may be found in

our preceding publication on binary uranium silicides [14] or

on the ternary system Nb±Si±U [4].

X-ray intensity data for a single-crystal of

U4Mo�Mo0:33Si0:67�1Si2 were collected for a hemisphere

in 352 images (total exposure time 345 min) on a four-

circle Nonius Kappa di�ractometer equipped with a

CCD area detector employing graphite monochromated

MoKa-radiation (k � 0:071073 nm). Orientation matrix

and unit cell parameters were derived from the ®rst ten

data frames using the program DENZO [15]. Absorp-

tion correction was taken from program SORTAV [15]

(l � 107:8 mmÿ1). The structure was re®ned with the

aid of the SHELXS-97 program [16]. The single-crystal

platelet with small dimensions �8� 20� 30 lm3� was

obtained by mechanical fragmentation of an alloy

U3MoSi2, which after arc-melting was annealed in an

alumina crucible under argon at 1150°C for 6 h and

slowly cooled to room temperature.

Microstructures were inspected by optical microsco-

py on SiC-ground and 1/4 lm diamond paste polished

surfaces, etched by a mixture of 1 cm3 HF�
5 cm3 H2O2 in 94 cm3 of H2O. A CAMEBAX SX50

wavelength dispersive X-ray microanalyser (EMPA-

XMA) was used for proper identi®cation of the phases

and precipitates. Measurements were performed at an

acceleration voltage of 15 kV at 20 nA sample current

and employing spectrometer crystals such as PET for the

U±Ma, Mo±La and TAP for the Si±Ka radiation. For

quantitative analyses the ZAF correction program was

employed [17] comparing the characteristic radiation of

the elements from the alloy with that obtained from

UO2, elemental Mo and SiO2 as reference materials. The

sum of mass% for the individual elemental measure-

ments were in all alloys investigated within �100� 0:8�
mass%.

3. Results and discussion

3.1. The binary boundary systems

The binary boundary systems Mo±U and Mo±Si

were accepted from a critical assessment of binary alloy

phase diagrams by Massalski [18]. The U±Si system used

herein is the version established in a recent reinvestiga-

tion by the authors [14]. The uranium-rich part of the

diagram up to 4 at.% Si is taken from [11]. Crystallo-

graphic data of the binary boundary phases can be

found in Massalski [18] in combination with Villars [19].

Information on the magnetic behaviour of the binary

uranium silicides is provided in [14]. The magnetic be-

haviour intrinsic to the uranium±molybdenum binary

system is compiled in [20].

3.2. The ternary system Mo±U±Si

3.2.1. Phase relations at 1400°C

Phase relations within the Mo±U±Si ternary system

were established for the isothermal section at 1400°C for

uranium concentrations smaller than 70 at.% (Fig.1).

Two ternary compounds were revealed: U2Mo3Si4 [5,8]

with the U2Mo3Si4-type [8] and the ternary MgZn2-type

Laves phase U�Mo1ÿxSix�2 [6,7]. From optical micro-

scopy and variation of lattice parameters U2Mo3Si4 is

observed at its stoichiometric composition, whilst the

Laves phase extends at 1400°C over a signi®cantly wide

homogeneous region, i.e. from U�Mo0:62Si0:38�2 to

U�Mo0:75Si0:25�2: the narrow range of existence at a

stoichiometric content of uranium clearly indicates a

partially random substitution of Mo/Si in the (6h) and

the (2a) sites of space group P63=mmc (see below).

Fig. 1. Partial isothermal section at 1400°C of the Mo±Si±U

system for U-concentrations < 70 at.%.
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As most of the surrounding phases engage in two-

phase equilibria with U2Mo3Si4, a relatively high

thermodynamic stability of this ternary compound is

inferred. Phase analysis and lattice parameters of a series

of ternary alloys are listed in Table 1. Lattice parameters

and unit cell dimensions of the boundary phases

obtained from ternary multiphase alloys annealed at

1400°C compare well with those of the pure binary

phases as given in [18,19]. This result supports the con-

clusion for negligible mutual solid solubility among

binary uranium and molybdenum silicides (see also

Fig. 1). This is particularly true for U3Si2 which showed

at 1400°C insigni®cant solubility for molybdenum (<0.5

at.% Mo, from EMPA). Silicon-poor alloys with less

than 20 at.% Si at 1400°C appeared partially molten.

Phase equilibria for this part of the diagram have been

evaluated on samples annealed at 850°C (see below).

3.2.2. Phase relations at 850°C

The evaluation of a series of alloys, all with a ura-

nium content of 50 at.% U (for listing and results of

analysis, see Table 2), in as-cast condition as well as after

anneal at 850°C, indeed revealed the existence of a new

ternary compound, however, with a small homogeneous

range extending at 850°C from U4MoSi3 to U4Mo1:3Si2:7

(`U3MoSi2'). At 850°C the new phase at U49:8Mo12:8Si37:4

(U4MoSi3) was observed in equilibrium with U3Si2

(U59:4Mo0:1Si40:5) and with U2Mo3Si4 (U23:3Mo32:5Si44:2).

Table 1

Crystallographic data of ternary alloys U±Mo±Si annealed at 1400°C

Nominal composition (in at.%) Phase analysis Space group Prototype Lattice parameters (nm)

U Mo Si a b c

17 16 67 aMoSi2 I4/mmm MoSi2 0.32035(4) ± 0.78447(16)

USi3 Pm3m Cu3Au 0.40576(9) ± ±

USi1:88 I41=amd def:ThSi2 0.39411(7) ± 1.3747(6)

25 20 55 aMoSi2 I4/mmm MoSi2 0.32031(3) ± 0.78415(35)

U3Si5�o2� Pmmm(?) dist:AlB2 0.3892(3) 0.6740(6) 0.4027(4)

U2Mo3Si4 P21=c U2Mo3Si4 0.6874(5) 0.6883(4)a 0.6761(5)

35 10 55 U3Si5 P6/mmm def. AlB2 0.38488(7) ± 0.40696(10)

USi Pnma FeB 0.56618(11) 0.76495(25) 0.39077(3)

U2Mo3Si4 P21=c U2Mo3Si4 Traces ± ±

10 40 50 aMoSi2 I4/mmm MoSi2 0.32062(2) ± 0.78481(22)

Mo5Si3 I4/mcm W5Si3 0.96524(11) ± 0.48877(4)

U2Mo3Si4 P21=c U2Mo3Si4 Traces ± ±

35 20 45 USi Pnma FeB 0.56624(10) 0.76500(20) 0.39070(4)

U3Si2 P4/mbm U3Si2 0.73325(5) ± 0.38975(5)

U2Mo3Si4 P21=c U2Mo3Si4 Traces ± ±

22 33 45 U2Mo3Si4 P21=c U2Mo3Si4 0.6876(3) 0.6883(1)b 0.6760(3)

15 50 35 Mo5Si3 I4/mcm W5Si3 0.96520(10) ± 0.49152(4)

U2Mo3Si4 P21=c U2Mo3Si4 Traces ± ±

U�Mo1ÿxSix�2 P63=mmc MgZn2 0.53672(6) ± 0.85552(19)

10 60 30 Mo5Si3 I4/mcm W5Si3 0.96493(5) ± 0.49080(4)

Mo3Si Pm3n Cr3Si 0.48886(7) ± ±

U�Mo1ÿxSix�2 P63=mmc MgZn2 0.53688(9) ± 0.85611(12)

33 42 25 UMo1:25Si0:75 P63=mmc MgZn2 0.53730(5) ± 0.85334(9)

33 50 17 UMo1:5Si0:5 P63=mmc MgZn2 0.53735(7) ± 0.85958(9)

25 55 20 Mo3Si Pm3n Cr3Si 0.48895(5) ± ±

(Mo) Im3m W 0.31430(7) ± ±

U�Mo1ÿxSix�2 P63=mmc MgZn2 0.53539(8) ± 0.85521(14)

25 60 15 Mo3Si Pm3n Cr3Si 0.48863(10) ± ±

(Mo) Im3m W 0.31477(4) ± ±

U�Mo1ÿxSix�2 P63=mmc MgZn2 0.53683(5) ± 0.85791(10)

a b � 109.80(4)°.
b b � 109.79(2)°.
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Whereas the as-cast alloy U4Mo1:3Si2:7 essentially con-

sists of U2Mo3Si4 (U22:7Mo33:2Si44:1) and U3Si2

(U58:4Mo1:0Si40:6) with dark uranium-rich grains in the

matrix (U�90Mo�10Si�0:1, see Fig. 2), after long-term

anneal at 850°C the alloy was practically single-phase

U4Mo1:3Si2:7 (U49:3Mo16:6Si34:1). Despite ®ne-grained

matrix structures were formed in the alloys of

U50Mo19Si31 and U50Mo27Si23, a three-phase equilibrium

is clearly revealed by EMPA: U4Mo1:3Si2:7 �U2Mo3Si4

�U23:8Mo33:8Si42:4� � c-(U,Mo) �U74:2Mo25:5Si0:3�. In this

context it is interesting to mention, that c-(U,Mo) was

easily retained to room temperature in ternary alloys

quenched from 850°C, although the c-solid solution

is metastable below about 550°C in the U±Mo binary

[18].

As seen from the EMPA data of alloy U72Mo5Si23

(Fig. 3), there is practically no solid solubility at 850°C

of Mo neither in U3Si2 nor in U3Si and there is virtually

no solid solubility for Si in the (U,Mo)-binary. The low

Mo-solubility in U3Si2 of less than '0.5 at.% Mo is in

good agreement with the ®ndings of Ugajin [9,10], who

reported 0.1 mass% Mo (�0.16 at.% Mo). Even in

as-cast alloys the solubility of Mo in U3Si2 is less than

'1.6 at.% (U57:6Mo1:6Si40:8) with Mo replacing uranium

atoms.

Two alloys were used to check on the formation and

possible extent of the ternary Laves phase at 850°C:

U33Mo37Si30 and U33Mo56Si11. The existence of the

Laves phase is con®rmed from the microstructures and

EMP analyses of both alloys, however, its region of

existence is rather restricted at 850°C ranging from

U�Mo0:67Si0:33�2 to U�Mo0:7Si0:3�2. Whereas the Si-rich

end of the phase ties to U2Mo3Si4 � c-(U,Mo), its

Si-poor end is engaged in a three-phase equilibrium with

c-(U,Mo) (at U61:8Mo38:1Si0:1) and almost pure

Mo (U1:5Mo97:7Si0:8) in form of a ®ne dendrite structure

(Fig. 4).

From the present investigation of the phase equilibria

it may safely be concluded that the phases `U4MoSi3'

and `U3MoSi2', reported to be individual compounds

[9,10], are both part of a single-phase region

U4Mo�MoxSi1ÿx�1Si2 with an extended homogeneous

range, 0 < x < 0:33 (for structural formula see Section

3.3.2). Alloys with Si-rich compositions even after pro-

longed heat treatment revealed incomplete equilibrium

conditions, phase relations based on the 1400°C section,

however, are most probable. Based on these experi-

mental ®ndings, the phase partitioning, established at

Fig. 2. As-cast alloy U50Mo17Si33 (`U3MoSi2'), EMPA-

absorption image. Large bright precipitates are U2Mo3Si4,

large gray grains are U3Si2, U-rich eutectic matrix with dark

U-rich constituents.

Fig. 3. Sample U72Mo5Si23, as-cast alloy, EMPA-absorption

image. Large bright dendrites are U3Si2�U60:1Mo0:1Si39:5� with

matrix containing dark uranium-rich constituents (area scan:

U � 82Mo � 8Si � 10�.

Fig. 4. Sample U33Mo56Si11, annealed at 850°C, EMPA-

absorption image. Large bright dendrites are Mo(U); gray

particles are U�Mo1ÿxSix�2. Dark uranium-rich matrix is c-

(U,Mo) (at U64:3Mo35:6Si0:1).
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850°C in the Si-poor region below about 50 at.% Si, is

shown in Fig. 5. Due to the formation of the ternary phases

U3MoSi2 and U�Mo0:67Si0:33�2 within the join U3Si2±Mo,

there is no thermodynamic equilibrium between U3Si2 and

(Mo). Furthermore the observed two-phase equilibria,

U2Mo3Si4 � c-(U,Mo), U�Mo0:67Si0:33�2 � c-(U,Mo) and

U4Mo�Mo1ÿxSix�3 � c-(U,Mo), exclude thermodynamic

compatibility between U3Si and (Mo).

3.3. Structural chemistry

3.3.1. The solid solution U�Mo1ÿxSix�2 with MgZn2-type

The authors of Ref. [7] proved isotypism of

U�Mo0:625Si0:375�2 with crystal symmetry and structure

type of MgZn2 from a re®nement of X-ray single-crystal

intensity data. The re®nement furthermore revealed a

partial order among Mo and Si atoms. As seen from the

isothermal section at 1400°C (Fig. 1), the ternary phase

U�Mo1ÿxSix�2 comprises a large homogeneous ®eld,

0:25 < x < 0:375, including the composition U�Mo0:75

Si0:25�2, for which a full atom order could be expected.

Evaluation of the X-ray intensity data, however, is in-

compatible with full atom order and merely yields

preferential occupation of Mo-atoms in the sites (6h) of

space group P63=mmc. At 850°C the homogeneity re-

gion appears substantially reduced to a mere width of

about 2 at.% around the composition U�Mo0:68Si0:32�2
(see Fig. 5). Quantitative Rietveld analysis of the X-ray

intensity data of the alloy U�Mo0:68Si0:32�2 again proved

a high degree of statistical disorder in the Mo/Si sub-

lattice but with a higher preference of Mo-atoms for the

(6h) site than for the (2a) site. Table 3 documents the

results of the Rietveld re®nement (RF � 0:049� including

interatomic distances, which re¯ect the tight atom

bonding as typical for intermetallic clusters in Laves

phases. U±U distances, 0.3204<U±U<0.3286 nm, are

rather short and indicate strong 5f±5f orbital overlap,

which may in fact be responsible for the absence of

magnetic order even at low-temperatures (see also Ref.

[7] for magnetic data on U�Mo0:625Si0:375�2).

The variation of unit cell dimensions throughout the

homogeneity region as a function of Mo/Si atom ex-

change at constant U-content re¯ects the volume con-

traction due to the smaller size of the Si atom

(RSi � 0:134; RMo � 0:140 nm [21]). It is interesting to

note, that the complicated nonlinear Mo/Si exchange

within the two sublattices (6h) and (2a) reveals a mini-

mum in the a-parameter for U�Mo0:68Si0:32�2, whilst the

c-parameter shows a rather continuous decrease with

increasing Si-content.

3.3.2. The solid solution U4Mo�MoxSi1ÿx�Si2 with W5Si3-

type

The evaluation of X-ray powder patterns obtained

from alloys annealed at 850°C in the region bound by

the phases UÿU3Si2 ÿU2Mo3Si4 ÿU�Mo0:68Si0:32�2
showed the formation of a ternary phase with a large

region of existence. In combination with EMPA data the

solid solution was found with a constant U-content of

50 at.% and to extend from 12 to 17 at.% Mo. The solid

solution interestingly comprises the compositions of

both compounds reported by Ugajin [9,10], `U4MoSi3'

and `U3MoSi2'. A comparison of the X-ray powder

pattern reported by Ugajin [10] for `U3MoSi2' with the

one we obtained for the corresponding composition

leaves no doubt about the identity of the two phases.

Employing the TREOR software [22], we were able to

successfully index the Guinier X-ray pattern of our alloy

U3MoSi2 on the basis of a tetragonal unit cell with the

parameters a � b � 1:0710 and c � 0:5336 nm. The a; b-

parameters deduced are strikingly close to the value

a � 1:069�1� obtained by Ugajin [10] from a tentative

indexing on the basis of a cubic lattice. Applying the

TREOR software on the X-ray data supplied in the

paper by Ugajin [10], we successfully indexed all his data

on the basis of a tetragonal cell (a � b � 1:0709;
c � 0:5336 nm), which perfectly corresponds to the one

received from our alloy. The size of the unit cell in

combination with the X-ray intensities observed and the

composition of the phase indicate a close resemblance

with the W5Si3-type of structure. The Rietveld re®ne-

ment of the X-ray data for U4MoSi3 indeed converged

at a convincingly low-residual value RF � 0.029, prov-

ing isotypism with the structure type of W5Si3. A similar

re®nement of the intensity pattern for U3MoSi2 con-

®rmed the W5Si3-type. Full-matrix least-squares re®ne-

ment of X-ray single-crystal intensity �F 2� data (from

Nonius Kappa CCD) of a single crystal broken from the

alloy U3MoSi2 and annealed at 1150°C, con®rmed unit

cell, crystal symmetry and isotypism with the structure

type of W5Si3. The crystallographic data resulting from

Fig. 5. Partial isothermal section at 850°C for the Mo±Si±U

system for Si-compositions less than 50 at.%.
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the various re®nements and including interatomic dis-

tances are summarised in Table 3. A calculation of the

X-ray density for U3MoSi2, qX � 12:27 Mg mÿ3, is in

close agreement with the experimentally observed value

of 12.1 Mg mÿ3, as reported by Ugajin [10]. Interatomic

distances reveal tight bonding in the Mo/Si clusters but

with a rather wide spread of U±U contacts,

0:272 < U±U < 0:371 nm. The extremely short bonds,

U±U � 0.272 nm, ranking among the shortest known

contacts in uranium intermetallics (U±U � 0.278 nm in

U2Ti; U±U � 0.284 nm in U�Co; Si�2, etc.), imply a

high degree of 5f±5f orbital overlap in favour of non-

magnetic uranium-uranium interactions (see also Sec-

tion 4, `magnetism').

The results of EMP and X-ray di�raction analyses

thus invoke a continuous solid solution with the W5Si3-

type extending at 850°C from U4MoSi3 to U3MoSi2 as

isotypic end members of the homogeneity region. X-ray

re®nements furthermore provide the atom site occupa-

tion scheme yielding full atom order for U4MoSi3 and

partial atom order for U3MoSi2 with a statistical Mo/Si

occupation of only the (4a) sites of space group I4/mcm

(U4Mo�Mo0:33Si0:67�1Si2BU3MoSi2). A proper structur-

al chemical formula for the solid solution is then

U4Mo�MoxSi1ÿx�1Si2, 0 < x < 0:33. U4MoSi3 and

U3MoSi2 being isotypic end members of a continuous

solid solution therefore, cannot both participate in an

isothermal ternary four-phase reaction as proposed by

Ugajin [10] for the peritectic formation of U3MoSi2 at

(1480� 30�°C. Although we con®rm the peritectic mode

of formation for the phase U4Mo�MoxSi1ÿx�1Si2, we

notice the primary precipitation of U3Si2 in the micro-

structures of both as-cast alloys, U4MoSi3 and

U3MoSi2. Therefore, the peritectic formation of

the phase U4Mo�MoxSi1ÿx�1Si2 may proceed according

to the reaction: L + U3Si2 + U2Mo3Si4
U4Mo

�MoxSi1ÿx�1Si2. The value of x for the phase formed in

the peritectic reaction is still not determined precisely

enough. So is the peritectic liquid for which Ugajin [10]

reported a composition of U74Mo16Si10, a value rather

low in Mo, when compared to the composition of the

eutectic microstructure U76Mo10Si14, obtained by an

area-scan of eutectic islands in the as-cast alloy U4MoSi3
(see Table 2).

4. Magnetism

The magnetism has been investigated for U2Mo3Si4

[8,25] and for U�Mo0:625Si0:375�2 [7]. In agreement with

these data we ®nd that U2Mo3Si4 is weakly paramagnetic

above 50 K with leff � 2:30 lB=U-atom, Hp � ÿ240 K

and v0 � 1:4� 10ÿ3 emu/mol �1:7� 10ÿ8 m3=mol�. It is

temperature independent paramagnetic below 30 K.

U�Mo0:62Si0:38�2 proved to be temperature independent

paramagnetic between 5 and 300 K with v0 � 4:3� 10ÿ3

emu/mol �5:4� 10ÿ8 m3=mol�: U4�Mo0:33 ÿ Si0:67�1Si2 is

practically temperature independent paramagnetic with

v0 � 2:7� 10ÿ3 emu/mol �3:4� 10ÿ8 m3=mol�. Below

180 K, a slight increase of the susceptibility is observed,

which cannot be attributed with certainty to an intrinsic

behaviour.

5. Summary

Phase equilibria in the ternary system Mo±Si±U have

been established in an isothermal section at 1400°C for

the region with less than 70 at.% U and at 850°C for the

Si-poor region Mo±Mo5Si3±U2Mo3Si4±USi±U. From

the three ternary compounds observed and characterised

by means of re®nement of X-ray powder or single-

crystal intensity data we con®rm existence and structure

of stoichiometric U2Mo3Si4 (U2Mo3Si4-type), as well as

of the ternary MgZn2-type Laves phase U�Mo1ÿxSix�2
for which we determined the homogeneous region extending

at 1400°C from U�Mo0:62Si0:38�2 to U�Mo0:75Si0:25�2 but

with a rather small ®eld of existence at 850°C around the

Table 4

Crystallographic data of the ternary compounds in the system U±Mo±Si, and comparison with data in literature

Compound Lattice parameters (nm) Comments Reference

a b c b (°)

U2Mo3Si4 0.6876(3) 0.6883(1) 0.6760(3) 109.79(2) annealed at 1400°C [8,24]

0.6877 0.6884 0.6765 109.9 [5]

U�Mo1ÿxSix�2 0.53730(5) 0.53730(5) 0.85334(9) ± at x � 0:375, 1400°C; Mo-poor This work

0.53735(7) 0.53735(7) 0.85958(19) ± at x � 0:250, 1400°C; Mo-rich This work

0.53670(10) 0.53670(10) 0.85901(18) ± at x � 0:33, 850°C; Mo-poor This work

0.53663(4) 0.53663(4) 0.85417(19) ± at x � 0:30, 850°C; Mo-rich This work

0.53729(4) 0.53729(4) 0.8527(2) ± at x � 0:375 [7]

0.5370 0.5370 0.8582 ± at x � 0:375 [6]

U4Mo�MoxSi1ÿx�Si2 1.06944(1) 1.06944(1) 0.53238(1) ± at x � 0:0, 850°C This work

1.07100(5) 1.07100(5) 0.53365(3) ± at x � 0:33, 850°C This work
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composition U�Mo0:68Si0:32�2. U4Mo�Mox ÿ Si1ÿx�1Si2 is a

novel ternary compound extending at (see Table 4) 850°C
from x � 0 to x � 0:33 with an ordered structure variant of

the W5Si3-type. The homogeneity region comprises both

compositions U4MoSi3 and U3MoSi2 claimed earlier in

the literature as individual ternary compounds. Whilst a

high degree of statistical disorder is observed for all

compositions within the homogeneity region of the

Laves phase, the W5Si3-type phase comprises a fully

ordered structure at x � 0 and random occupation of

Mo/Si atoms in only the (4a)-sites of space group I4/

mcm for x � 0:33.

The short U±U distances determined for all the

structures investigated are in perfect agreement with the

experimentally observed temperature independent

paramagnetic behaviour.
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