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The isothermal section of the phase diagram of theystem Sm-Al-B at 600°C was constructed. The binary
compounds do not dissolve significant amounts thehitd component. One ternary compound, SmAIB,
(x= 0.1) was found in the system. The crystal structer of the metal (Sm/Al) sublattice of the new compaal
belongs to the structure type CyAu (Pearson symbolcP4, space groupPm-3m, a= 4.832(2) A). The boron
atoms are likely to occupy octahedral voids in thestructure, in an arrangement corresponding to the

structure type CaTiOs.
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Introduction

The ternary systemR-Al-B (R=Y, La-Nd, Gd-Tm)
have been investigated to a certain extent. Foofall
them isothermal sections of the phase diagrams at
500°C (forR=La, Ce) or 600°CR =Y, Pr, Nd, Gd,
Th, Dy, Ho, Er, Tm) have been constructed in the
whole R= La, Ce, Pr, Nd, Gd) or partidRE Y, Tb,
Dy, Ho, Er, Tm) concentration ranggld. No ternary
compounds were found in the systems with light-rare
earth metalsR = La, Ce, Pr, Nd, and Gd), whereas in
the systems witlR =Y, Tb, Dy, Ho, Er, Tm, Yb, and
Lu, one or more boron-rich ternary compounds were
found and characterized2-14]. In the systems
Dy-Al-B and Ho-Al-B, ternary phases of
approximate compositioRAlI 3B, s, were revealedb].
Crystallographic data of the ternary compounds
reported in the system&-Al-B are summarized
in Table 1

The aim of the present work was the experimental
investigation of the phase equilibria in the teynar
system Sm-Al-B and the construction of the
isothermal section of the phase diagram at 600°C in
the whole concentration range. The binary systems
that delimit the ternary system Sm—Al-B have been
studied and the corresponding phase diagrams
constructed in the whole concentration ranges],
even if some questions remain. All the three system
Sm-Al, Sm-B, and Al-B, are characterized by the
formation of binary compounds with finite
compositions. Their crystallographic data are
summarized imable 2
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Experimental
One two-component and eight
alloys were synthesized from  high-purity
metals  (Sne 99.9 mass%, At 99.985 mass%,
B =99.99 mass%) by arc-melting pressed pellets,
using a tungsten electrode and a water-cooled coppe
hearth under a Ti-gettered argon atmosphere. To
achieve homogeneity the samples were melted twice.
After the synthesis the alloys were wrapped into
tantalum foil, sealed in quartz ampoules under
vacuum, and annealed at 600°C for 720 h. Finally th
ampoules with the samples were quenched into cold
water. The mass losses, which were controlled lat al
stages of the synthesis, did not exceed 2% ofataé t
mass, which was approximately 1 g for each alloy.
Phase analysis and structure refinements were
carried out using X-ray powder diffraction data
collected at room temperature on a diffractometer
DRON-2.0M (FeKo-radiation). The profile and
structural parameters were refined by the Rietveld
method, using the program package FullProf S8it¢

three-component

Results and discussion

Isothermal section of the phase diagram of theesyst
Sm-AI-B at 600°C

The isothermal section of the phase diagram
of the ternary system Sm-Al-B at 600°C
(Fig. ) was constructed based on the results

of the X-ray phase analysis of nine samples.
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Table 1 Crystallographic data for ternary compounds reggbi the systenB-Al-B, R= Th-Lu[2].

Structure| Pearson Unit-cell parameters, A
Compound type symbol Space grou a b c Ref.
ThoAl 1sB1s LAB, | o064 | Imma 5.836 10.419 8.189 |[3.4.11]
DyAl aBo4-05 BaPQ hR36%2 R-3m 6.149 - 21.090 [5]
Dy.,Al1.B1s LiAB,, | o064 | Imma 5.846 10.420 8.1982 | [3,4.11]
HOAIBo 405 BaPh | hR36® | R3m 6.132 - 20.985 | [o
. 5.816 10.399 8.182 |[3,4.11]
HOL,AlLB1s LiAIBys | ol64 | Imma 5.846 10.405 8194 |[3.4.11]
HoAIB, YCrB, | oP24 | Pbam 5.9283 11.5530 3.5306 | [6]
5.839 10.390 8171 | [3.11]
. 5.842 10.406 8186 |[3.4,11]
ErAl1,Bis LIAIB 14 ol64 Imma 5848 10.386 8.209 [4]
5.8157 10.3950 8.1820° | [14]

] 5.9955 11.48 35284 | [6]
o-ErAlB, YCrB, | oP24 | Pbam 5.9213 11.4314 35070 | [14]
B-ErAIB, ThMoB, o4 Cmmm 7.3163 9.3340 3.5301 [8]

. 5.826 10.380 8.176 6]

TmAlyBis | LABy, | ol64 | Imma 5.8212 10.3837 81762 | [9]

o-TMAIB, YCrB, | oP24® | Pbam 5.9225 11.4784 3.5224| [10]

B-TMAIB, ThMoB, | o4 | Cmmm 7.3057 9.3163 35214 | [g]
Yb1,AlL,B1s LAB, | o064 | Imma 5.860 10.439 8.222 |[3,4.11]

] 5.927 11.47 3492 | [11,13]
o-YDAIB, YCrB, | oP24 | Pbam 5.922 11.473 3506 | [12]
B-YbAIB,, ThMoB, | o4 | Cmmm 7.3080 9.3150 3.4980 | [12]
Yb,AIB, Y,ReB, | oP36 | Pbam 9.127 11.460 3.584 | [11,13]

LUz,Al,B1s LAB,, | ol64 | Imma 5.867 10.364 8.157 |[3.4.11]

] 5.906 11.440 3480 | [11,13]
o-LUAIB4 YCrB, | oP24 | Pbam 5.9050 11.4440 35100 | [12]
B-LUAIB, ThMoB, | o4 | cmmm 7.289 9.286 3504 | [12]

3for the metal atom sublatticBrefinement on single crystat,= 0.367,y = 0.26;° narrow homogeneity range near
x=0.43y = 0.38;"x = 0.738(3)y = 0.42(1)? refinement considering additional cation site$n@¥% occupancyyP32

Table 2 Selected crystallographic data for binary compaeureported in the systems Sm-Al, Sm-B, and
Al-B [2]. Phases stable at 600°C are marked with bold cteasa

Structure| Pearson Unit-cell parameters, A
Compound Space groy Ref.
type symbol a b c
SmAl 2 Cu:Au cP4 Pm3m 4,901 - - [16]
SmAl Co,Si oP12 Pnma 6.654 5.193 9.631 [17]
SmAI DyAl oP16 Pbcm 5.678 11.622 5.678 [18]
SmAI? CsCl cP2 Pm:3m 3.739 - - [19]
SmAl, MgCuw, cF24 Fd-3m 7.943 - - [16]
SmAl; MgsCd hP8 P6s/mmc 6.38 - 4,597 [20]
SmAl;, ¥ LagAly; ol28 Immm 4.333 9.97 12.81 [21]
SMALLP BaAl, t110 [4/mmm 4.287 - 9.905 [20]
ax 4.281 - 9.906 [22]
SmAl,® UAIl, 0l20 Imma 4.44 6.38 13.62 [23]
SmAl;? SmAL hP24 P6522 5.548 - 18.118 [24]
SI’T}]_]_AI eoa SmlAl 60 cl142 Im-3m 14.06 — — [25]
SmB;°© AB, hP3 P6/mmm 3.310 - 4.019 [26]
7.179 7.18 7.205
SmyBs Gd,Bs mP28 P2,/c £ =102.02° [27]
SmB, UB, tP20 P4/mbm 7.174 7.174 4.0641 [28]
SmBs CaBbs cP7 Pm3m 4,128 - - [29]
SmBss YBss cF1936 Fm-3c 23.474 - - [30]
AlB, AB, hP3 P6/mmm 3.00 - 3.24 [31]
AlB 1,° AlgeBsso| 0388 Cmcm 5.690 8.881 9.100 [32]
Al eB2° Al; B2 tP216 P4,2,2 10.161 - 14.283 [33]

2 metastable phas&high-temperature phase stable > 1066°Brepared at high pressurtstabilized by small
amounts of carborf,generally referred to as-{AIB 1,
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It contains 14 single-phase, 26 two-phase and
13 three-phase fields. The highest number of
equilibria (6) is formed with the binary phase SmB

The existence of seven binary compounds at
600°C was confirmed: SgAl (structure type Cg5i),
SmAIl (DyAl), SmAL (MgCw), SmAL (MgsCd),
SmBs (Gd;Bs), SmB, (UB,), and SmB (Cak). The
phase equilibria involving the three other binary
phases stable at 600°C, SggBAIB,, and Al ¢Bo,,
were estimated by triangulation of the system based
on geometrical arguments. The binary compounds of
the systems Sm-Al and Sm-B do not dissolve
noticeable amounts of the third component. Thergxte
of the solid solution of boron was not investigated
according to literature data rhombohed¥ddoron can
dissolve approximately 2 at.% Al at 600°C. One
ternary compound of composition $AB, (x~ 0.1)
was found.

The phase equilibria formed in the isothermal
section of the phase diagram of the system Sm—-Al-B
are similar to those reported for othRrAl-B systems
and mainly involve binary phases of the boundary
systems. The formation of boron-rich ternary
compounds was not observed in the system Sm—-Al-B,
but the formation of the Sm-rich phase BB, is a
specific feature of the system.

Crystal structure of the ternary compound,8iB,
The crystal structure of the ternary compound,/AByy,

a sample of nominal composition &M ,B.o. The
sample contained three phases in equilibriumyAm
(64.9 mass%), S#AIB, (x~=0.1) (27.0 mass%), and
SmBs (8.1 mass%). The positions and the intensities
of the Bragg peaks of the ternary phase indicated a
CuwAu-type structure or a derivative of it.

The existence of a binary aluminide
adopting the structure type ¢Au has been reported
in the literature [16], however, it is generally
considered to be metastable or stabilized by small
amounts of impurities. The phase analysis of a gamp
of composition SmAl,s, annealed at 600°C, did not
show the formation of such a phase. Hence;ABBy
(x=0.1) can be considered as a true ternary
compound.

A Rietveld refinement confirmed the ordered
structure type CyAu (cP4, Pm3m, a=4.832(2) A)
for the metal-atom sublattice. Due to the impodisjbi
to localize the boron atoms from the X-ray diffiant
data, we modeled the possible distribution of boron
atoms in the structure of SAIB,. The boron atoms
are likely to occupy octahedral sites in the close-
packed metal atom framework. Three structure types,
which are filled-up variants of the structure type
CuwAu (Pm:3m, Cu in Wyckoff position 8 and Au in
1la) with the same space group may be considered:
CaTiO; (additional atoms in Wyckoff positionb}l
[35], MgsNF; (additional atoms in Wyckoff position
3d) [36], and NagasligJ.laysTiO; (additional atoms

was determined using X-ray powder diffraction data in both Wyckoff positons B and 3I) [37].
Al 600°C  (s73x)
1. Sm3AIBy
90
Al 67822 [
omBss o STy MBS s 60 70 80 %0
B at.% Sm Sm
Fig. 1 Isothermal section of the phase diagram of theeay$Sm-AIl-B at 600°C.
Chem. Met. Alloy41 (2018) 25
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The most common of these three types is without
contest CaTi@ in this case all the B atoms would be

surrounded by six Sm atoms and the limiting

composition would be SyAIB.

Conclusions

The isothermal section of the phase diagram of the
system Sm-Al-B at 600°C is characterized by
insignificant solubility of the third component the
binary compounds and by the formation of the tgrnar
phase SrAIB, (x= 0.1) with C4Au-type structure of
the Sm/Al-sublattice.
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