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Abstract 

X-ray diffraction analysis was performed on uranium borides under pressure to study their stability vs. compression 
as well as to obtain their ambient pressure bulk moduli Bo. Their crystalline structures remain stable up to 50 
GPa and the mean values of Bo and Bo' are 225 GPa and 2.6 for UB2, 181 GPa and 4.8 for UB4, 249 GPa and 
3.4 for UBlz respectively. 

1. Introduction 

Uranium borides can be described in terms of bi- 
dimensional networks of boron for UB2 and of tridi- 
mensional networks of boron for U B  4 and UBlz [1]. 
In these systems the boron atoms are strongly bonded 
together, providing their high stability. These com- 
pounds have, to our knowledge, never been examined 
under pressure. Obtaining information about their sta- 
bility under pressure, their compressibility and possible 
pressure induced phase transitions was the object of 
this study. 

2. Experimental details 

Well crystallized uranium boride samples were pre- 
pared by arc melting boron and uranium in stoichio- 
metric amounts. Their lattice parameters at ambient 
pressure (Table 1) were in good agreement with lit- 
erature values [2]. Finely powdered samples were loaded 
into the central hole of an Inconel gasket together with 
a ruby chip, used for in situ pressure measurement by 
ruby fluorescence [3], and silicone oil, used as a pressure 
transmitter. The device for generating high pressure is 

a diamond anvil cell of Syassen-Holzapfel type. Energy- 
dispersive X-ray diffraction experiments at ambient 
temperature were performed at the EDS facility of 
storage ring DORIS II of Hasylab, DESY, Hamburg. 
The exact value of the Bragg angle was calculated from 
the diffraction pattern of an NaCI reference sample. 
For each pressure step, the lattice parameters and the 
relative volume V/Vo were calculated. The V(p) data 
were fitted to several equations of state [4] to obtain 
the bulk modulus B0 and its pressure derivative Bo' 
(the subscript zero indicates ambient pressure). 

3. Results and discussion 

3.1. UB2 
UB2 was studied up to 50.3 GPa in 15 steps without 

any structural change observed. The variation of lattice 
parameters and of relative volume with pressure are 
plotted in Figs. 1 and 2. The relative contractions of 
lattice parameters Aa/ao and Ac/co between ambient 
and the highest pressure are 6.5% and 3.9% respectively. 
Bo and Bo' were calculated fitting the experimental 
curve V/Vo =f(p) to several equations of state [4] (Table 
2). 
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TABLE 1. Crystal data of uranium borides at ambient pressure (Z is the number of molecules per unit cell); lattice parameters 
were determined on a powder diffractometer (Cu Koq monochromatic X-ray beam) 

Compound Structure (type) Space group Z Lattice parameters (pm) 

UB2 Hexagonal (A1Bz) P6/mmm 1 a =313.02(3) 
(n. 191) c -  398.78(3) 

UB4 Tetragonal (ThB~) P4/mbm 4 a = 705.73(5) 
(n. 127) c =390.08(5) 

UBx2 Cubic Fm3m 4 a --- 747.50(5) 
(n. 225) 
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Fig. 1. Variation of lattice parameters of UB 2 vs. pressure. 
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Fig. 2. Relative volume of UB2 vs. pressure. 

3.2. UB 4 
Uranium tetraboride was compressed up to 53 GPa 

in 14 steps without a phase transition observed. Figures 
3 and 4 show the evolution of lattice parameters with 
pressure and relative volume. The relative contractions 
of lattice parameters Aa/ao and Ac/co between ambient 
and highest pressure are 5.7% and 6.5% respectively. 
Bo and Bo' were calculated fitting the experimental 
curve V/Vo =tip) to several equations of state [4] (Table 
3). 

TABLE 2. Isothermal bulk modulus of UBz and its pressure 
derivative determined from several equations of state described 
by Holzapfel [4]; average uncertainty is equal to 12 GPa for B0 
and 0.1 for Bo' 

Equation Bo (GPa) B0' 

Murnaghan 225 2.5 
Birch 222 2.9 
Rose 224 2.7 
General MVL 225 2.6 
Holzapfel 0-1 224 2.6 
Holzapfel 1-1 227 2.2 
Mean 225 2.6 
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Fig. 3. Variation of lattice parameters of UB4 vs. pressure. 

3.3. UB12 

The cubic structure of UB12 remains stable up to 
54.4 GPa, which pressure was reached in 19 steps. 
Figure 5 presents the V(p)/Vo data from which Bo was 
determined (Table 4). 

From the previous results, assuming hydrostatic con- 
ditions, the linear compressibilities of UB2 and UB4 
lattice parameters were calculated by fitting the ex- 
perimental data with the following equation [5] (Table 
5): 
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Fig. 4. Variation of relative volume of UB4 vs. pressure. 

TABLE 4. Isothermal bulk modulus of UBt2 and its pressure 
derivative determined from several equations of state described 
by Holzapfel [4]; average uncertainty is equal to 15 GPa for B0 
and 0.2 for B0' 

Equation B0 (GPa) B0' 

Murnaghan 249 3.2 
Birch 248 3.4 
Rose 249 3.4 
General MVL 249 3.3 
Holzapfel 0-1 248 3.4 
Holzapfel 1-1 248 3.4 
Mean 249 3.4 

TABLE 5. Linear compressibilities of UB2 and UB4 lattice 
parameters 

a c 
TABLE 3. Isothermal bulk modulus of UB4 and its pressure 
derivative determined from several equations of state described 
by Holzapfel [4]; average uncertainty is equal to 10 GPa for B0 
and 0.2 for B0' 

Equation B0 (GPa) B0' 

Murnaghan 182 4.4 
Birch 180 4.8 
Rose 180 4.9 
General MVL 181 4.7 
Holzapfel 0-1 180 4.9 
Holzapfel 1-1 180 5.0 
Mean 181 4.8 

r T ~  ~ ¸ f ~ T  I i , ,  ,T~  ' I ' E 

UB2 
/3 (OPa -~) 165(5) X 10 -5 997(85) × 10 -6 
8 (GPa -2) 68.5(13) X 10 -7 41.8(22) X 10 -7 

UB4 
/3 (GPa-1) 154(7) X 10 -5 188(14) × 10 -5 
8 (GPa -2) 82(17) x 1077 132(32) X 10 -7 

possible to observe a structural transition above 60 GPa 
on crossing the Hill limit [6]. 

The borides studied have similar compressibility to 
the element boron for which a bulk modulus Bo = 196 
GPa is reported [7]. The compressibility of these borides 
seems to be determined mainly by the boron networks. 
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Fig. 5. Variation of relative volume of UB~2 vs. pressure. 

~ , (p )  = 8 , ( 0 ) -  ~,g,(p)p + , i s , (o)p  2 

where g~(p) is the i-axis lattice parameter at the pressure 
p, /3~ the linear compressibility in the /-axis direction 
and 8~ a constant that gives the 13i pressure dependence. 

Furthermore, for UB4, supposing the atomic positions 
fixed in the experimental pressure range, it should be 
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