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Synthesis, Crystal Structure and Characterizations
of the Perovskite-Type ScRh;B, Compounds

Shigeru OKADA*!, Toetsu SHISHIDO*? and Kunio KUDOU™*3

Abstract: Polycrystalline samples of ScRh;Bx, which consists of highly reactive Sc and high melting point Rh
and B elements, have been successfully synthesized by arc-melting method. Compound of ScRh3By has perov-
skite type cubic structure (space group: Pm3m). The nonstoichiometric perovskite-type ScRh3B, exists in the
homogeneity range of 0=x=1.00. Lattice parameter of a in annealed ScRh3;Bx depends on x, and varies linearly
from ¢=0.3903(1) nm (x=0) to a=0.4080(1) nm (x=1.00). The micro-Vickers hardness and electrical resistivi-
ty of the compounds were measured, and oxidation at high-temperature in air was studied. Average values of
micro-Vickers hardness and electrical resistivity determined on ScRh;B, compounds are as follows: for ScRh;
Biog: 9.9(%0.1) GPa, 43.9x10-6Qcm; for ScRh3Bg0: 4.6(+£0.05) GPa, 34.4x1076Qcm; for ScRh;:
1.9(%0.1) GPa, 18.0x 10~¢ Qcm. All samples in the range of 0=x=1.00 show the metallic temperature depen-
dence of the resistivity down to 0.5 K. Magnetic susceptibilities also show the Pauli paramagnetic behaviour and
no trace of the magnetic transitions and superconductivity in all samples. The oxidation reaction of ScRh3B;.g00,
ScRh3Bg.210, and ScRh; compounds in air starts at about 595°C, 702°C, and 415°C, respectively, and final weight
gains were found to be in the range from about 5.8 to 12.7 wt%. The identified oxidation product consisted
from the Sc,03;, Rh and ScBOs.
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1. Introduction

The rare earth elements (RE)-platinum group elements-
boron (B) ternary system have interesting behavior in mag-
netism and superconductivity!-?. In the ternary RE-Rh-B
system, RERh3;B, RERh3B,;, and RERh4B, are reported.
Rare earth rhodium borides RERh;B with perovskite cu-
bic structure (space group: Pm3m) have been investigated
many researchers’). They are ErRh;B (cubic system,
space group: Pm3m, a=0.4146 nm), ErRh;B, (base-cen-
tered monoclinic system, Erlr3;B, type, space group: C2/
m, a=0.5355(1) nm, »=0.9282(1) nm, ¢=0.3102(1) nm,
£=90.89(3)), and ErRh4B, (simple tetragonal system,
space group: P4,/nmc, a=0.5304(1) nm, c=0.7395(2)
nm). The magnetic and superconducting properties of
these crystals have been reported. We have prepared
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LaRh;B, GdRh;B, and LuRh;B using arc-melting. The B
deficient compounds, RERh3;B, can be obtained. The B
content variation induces the varies properties such as elec-
tro-magnetism, microbardness, and chemical resistance
against to oxidation in air at high temperature®®.

Recently we have been synthesized polycrystalline
ScRh;Bx compounds by the arc-melting method using
high reactive (Sc) and high melting (Rh, B) elements®.
However, there is a little information about chemical and
physical properties of ScRh3B.

The purpose of this paper is to clarify the homogeneity
range of the nonstoichiometric perovskite-type ScRh3yBx
compounds from the X-ray diffraction and chemical ana-
lyses. Crystallographic data, micro-Vickers hardness, elec-
trical resistivity, and oxidation resistivity at high tempera-
ture in air of these compounds were studied.

2. Experimental details

Samples of ScRh3By compounds were synthesized by
arc-melting method using Sc metal chips (purity 99.9%),
Rh powder (purity 99.9%) and crystalline B powder (puri-
ty 99.9%) as raw materials. They were weighed in the
atomic ratio 1:3:x, where x=1.333 (25 at.%), 1.000 (20
at.%), 0.706 (15 at%), 0.444 (10at.%), 0.210 (5 at.%),
and 0. The mixture of the starting materials, about 2 g of
each sample, were placed in a water-cooled copper hearth
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in a reaction chamber (Model DAIA-ACM-01). Fig. 1
shows the schematic arrangement of the reaction cham-
ber. The pressure inside the reaction chamber was approxi-
mately 1.33 X 1075 Pa. A small amount of residual oxygen
in argon was eliminated by fusion a button of titanium as
a reducing reagent. The starting materials were then melt-
ed by an argon arc plasma flame. The flame was main-
tained under the conditions of DC 20 V and 100 A. The
samples (turned over) were melted three times for 3 min
each. Finally synthesized samples were wrapped in tanta-
Ium foil and annealed at 1300°C for 24 h under vacuum to
ensure homogeneity.

For chemical analysis, the samples were fused using
NaHSOy as a flux, then the obtained material was dis-
solved in hydrochloric acid. The chemical composition of
each solution was analyzed by the induction coupled plas-
ma atomic emission spectrometry (ICP-AES) method, us-
ing Zn as internal standard. Phase analysis and determina-
tion of the lattice parameters were performed using a pow-
der X-ray diffractometer (XRD) with monochromatic
CuKe radiation (A1=0.15418 nm) at room temperature.
The samples synthesized were cut with a diamond cutter

Water cooled
cathode pillar

and polished to obtain mirror surfaces. These surfaces
were investigated by a scanning electron microscope
(SEM), an electron probe micro-analyzer (EPMA), and
an energy-dispersive detector (EDX). The Vickers micro-
hardness (Hv) for the samples was measured at room tem-
perature in air. With the use of a diamond pyramid having
an apex angle of 136°, the samples were pressed by the
pressure load of 0.245 N to 9.800 N for 15 s at about 6—38
points for the mirror surfaces of each crystal. The values
obtained were averaged and the experimental error was es-
timated. The electrical resistivities of the crystals meas-
ured by a direct-current four-probe technique at room
temperature in air. Thermogravimetric (TG) analysis and
differential thermal analysis (DTA) were performed be-
tween room temperature and 1200°C to study the oxida-
tion resistivity of the samples in air. A sample of about 25
mg to 30 mg was heated at a rate of 10°C min—1! to 1200°C.
The oxidation products were analyzed by XRD.

3. Results and discussion

3.1 Synthesis of ScRh;B, compounds
Polycrystalline samples of ScRh3;By, which consists of
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Fig. 1 The argon arc furnace (simplified).
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highly reactive Sc and high melting point Rh and B ele-
ments, have been successfully synthesized by arc-melting
method. All the synthesized samples revealed a silvery
metallic luster. The mixture of the starting materials, and
the results of the chemical analyses for the synthesized
ScRh;3By are listed in Table 1. According to chemical ana-
lyses, the chemical compositions of the obtained samples
almost corresponded to the atomic ratio of the starting
compositions. No evidence was obtained of pollution
from the electrodes or the hearth by the arc-melting
method.

3.2 Solid solution range of boron

The relation between composition and structure of
ScRh3B, (0=x=1.333) were determined. The stoichiomet-
ric composition of ScRh;B, belongs to the cubic system
and is a perovskite type (space group Pm3m). The crystal
structure of ScRh;B is illustrated in Fig. 2. As seen from

Table 1 Resuits of the chemical anaiyses for the synthe-
sized ScRh;B,

i .. Results of the chemical analyses, weight%
Nominal composition  (nominal composition, weight%)

(atomic% of B)

Sc Rh B
ScRh;By 33 (25) d%ﬁi& (gii(@) <§:32>
SRBBiwo 20 (1358 (3438 (39
ScRh;Bo e (15) (igigi) (ggiﬁ) (}Igf)
ScRh;Boay  (10) &%183) (ggﬁgi) (813%)
SRhBize (5 (137 Gesd (04D
sRh, (0 3% & T

Fig. 2 The crystal structure of ScRh;B compound.

Fig. 2, the Sc positioned at the eight corners of the cube,
Rh at the centers of the six faces, and boron at the body
center of the cube. Fig. 3 shows the XRD patterns for sam-
ples of ScRh3By. In the case of x=1.333, impurity phase
coexists with the perovskite type phase. From the result of
the powder XRD analysis for ScRh3;By, the amount of the
impurity phase increases as the concentration of boron in-
creases, it can be concluded that the perovskite-type com-
pounds exist in the range of 0=x=1.000 (0 to 20 at.%).
The solid solution ranges of boron in ScRh;By are no
agreement with those reported for ErRh;B,® and HoRh;
B,!9. In the case of x=0, ScRh; has AuCus type structure,
its space group is also Pm3m. ScRh;By exists in the range
of 0=x=1.000 (0 to 20 at.%). Fig. 4 shows the variation
of lattice parameter ¢ as a function of boron concentra-
tion x in the cubic structure ScRh3;B,. The lattice
parameters expands with an increasing concentration of
boron in the compound. The lattice parameter « in an-
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Fig. 3 X-ray diffraction patterns tor ScRh;B,.

0410 T —T T T T

@
S
<)
Gt
T
1

a-axis length, nm

! . ! [l Il
04 0.6 08 1 1.2 1.4
Boron content x in ScRhsBy

0.390 0 0.2

Fig. 4 Relationships between boron content x in ScRh;B, and
a-axis length.



102 Transactions of the Kokushikan Univ. Faculty of Engineering. No. 34 (2001)

10+ %
[J as-melted
< 8 QO annealed
O [
g 6
4
T |
3 4
= 4
28

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Boron content x in ScRhsB,

Fig. 5 Relationships between boron content x in ScRh;B, and
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Fig. 6 Relationships between boron content x in ScRh;B, and
load-dependency of Vickers microhardness.

@=0.3903(1) nm (x=0) to ¢=0.4080(1) nm (x=1.000).
ScRh3B, compounds supports the view that the solid solu-
tion range of boron in 0=x=1.000 (0 to 20 at.%).

3.3 Microhardness and electrical resistivity

The Vickers microhardness of ScRh3B, compounds
(0=x=1.000) were measured in several directions. As list-
ed in Fig. 5, Fig. 6 and Table 2, the value of the Vickers
microhardness for ScRhiB, are distributed from
1.9(%0.1) GPa t0 9.9(%0.1) GPa. The hardness increases
as the boron content increases in a range between ScRhs

Table 2 Micro—Vickers hardness and electrical resistivity at
20°C of ScRh;B, compounds

Sample " * . TN
Smingcomperion | MRS e A
ScRh;B; g0 (20) | 9.9 (£0.1) 43.9
ScRh;3Bo 706 (15) | 5.9 (%0.05) 22.4
ScRh;Bo s (10) | 1.6 (£0.1) 26.3
ScRh;Bg 510 (5)| 4.6 (£0.03) 34.4
ScRh, (0] 1.9 (x0.1) 18.0

* Load; 2.94 N, Load time; 15 sec.

Bi.ooo and ScRhsBg 76. Apparent minimums in hardness
are found at ScRh3;Bg 444 and ScRh;. This result suggests
that the hardness of the boride essentially depends on the
boron content in the compound.

The electrical resistivity are listed in Table 2. The electri-
cal resistivity of the annealed ScRh3;B, compounds is in
the range of 18.0x10~6Qcm (x=0)~43.9x 10~6 Qcm
(x=1.000).

3.4 Ogxidation resistance in air

Fig. 7. shows TG-DTA curves for ScRh;B,; com-
pounds. According to the DTA analysis, one or two ex-
othermic peaks was observed. The maximum temperature
for the exothermic peak is 856°C. The oxidation reaction
of SCRh3B1,000, SCRh3B0,706, SCRh3Bo.444, SCRh3B0_210, and
ScRh; compounds in air starts at about 595°C, 583°C,
685°C, 702°C, and 415°C, respectively. Mixed phase of Rh
plus Sc,03 and ScBO; is identified as an oxidized product.
In all cases, a B,O; phase was not detected by XRD. Oxida-
tion onset temperature, weight gain and oxidation
product from TG-DTA measurements for the ScRh3B,
compounds are summarized in Table 3. Hence oxidation
resistivity of ScRh; is relatively low.

4. Conclusion

Polycrystalline ScRh3;B; compounds were prepared
from arc-melting method using Sc, Rh and B elements.
The authors can draw the following conclusion from this
study.

Table 3 Results of the chemical analyses for the synthesized ScRh;B,, and phenomenal temperature from TG-DTA measurement

on ScRh;B,

Sample Oxidation Exotherm . . Oxidized
nominal composition onset (°C) maximum (°C) Welﬁg)gam products
(atomic% of boron) by TG by DTA 0 by XRD
ScRh3B; 333 (25) 599 780 12.6 Rh, Sc,0;, ScBO,
ScRh;B; g0 (20) 595 797 12.7 Rh, Sc,0;, ScBO;
ScRhsByzs  (15) 583 766, 812 10.8 Rh, Sc,0s, ScBO,
ScRh;Boae  (10) 685 828 7.8 Rh, Sc,0,, ScBO;
ScRhsBgay  ( 5) 702 742, 856 5.8 Rh, Sc,0,
ScRh, (0) 415 719 7.2 Rh, Sc,0,




Synthesis, Crystal Structure and Characterizations of the Perovskite-Type ScRh3;B, Compounds 103

Heating rate : 10°C/min

Ia
(=)
oN

Exo.

Endo.

15 200 400 600 800 1000
Temperature ("C) .
A S,
TG curves / Val
;\; 10 r
g SCR}I?,BOQI
;n ----- SCRh3B0.444
B ScRhs3Bo 706
(5]
g Br m~wea. SCRhSBLOO
[ == ScRh3B 333
of

Fig. 7 TG-DTA curves for ScRh;B compounds.

(1) The nonstoichiometric perovskite-type ScRhsB, ex-
ists in the homogeneity range of 0=x=1.00.

(2) The lattice parameter a in annealed ScRh3B, depends
on x and varies linearly from ¢=0.3903(1) nm (x=0) to
@=0.4080(1) nm (x=1.000).

(3) The micro-Vickers hardness of the annealed ScRh;B,
increases with increasing B content in the range x=0-
1.000, from 1.9(%0.1) GPa to 9.9(%0.1) GPa.

(4) The electrical resistivity of the annealed ScRh;B, is in

the range of 18.0x10~6Qcm (x=0)~43.9x10~¢ Qcm
(x=1.000).

(5) The oxidation reaction of ScRh;B; 000, ScRh3Bo 70,
ScRh3Bo.a4s, ScRh3Boai0, and ScRhy compounds in air
starts at about 595°C, 583°C, 685°C, 702°C, and 415°C,
respectively. The sample changed to Rh, Sc,05 and ScBO;
after oxidation.
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