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Abstract

The isothermal section of the Y—AI-Sb ternary system at 800 K has been investigated mainly by powder X-ray diffraction (XRD) with
the aid of differential thermal analysis (DTA), optical microscopy and scanning electron microscopy (SEM). It consists of 12 single-phase
regions, 23 two-phase regions and 10 three-phase regions. The maximum solid solubility of Al in Y Sb is about 27 at.%. No ternary
compounds were found.
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1. Introduction aluminium, antimony and yttrium used for preparation of
samples in this work were 99.8, 99.9 and 99.7%, respec-
The Y—AI-Sb ternary system has not been studied over tively. The alloy buttons were prepared in a vacuum arc
the full concentration region. Partial investigation of it was furnace on the water-cooled copper crucible under an
within the limits of 0—-33.3 at.% Y and 0-50.0 at.% Sb at atmosphere of purified argon. Each button was melted
773 K, and did not report ternary compounds [1]. Among three times in order to achieve homogeneity. Because the
the RE—-AI-Sb related ternary systems (Rfare earth alloys contain antimony, the electric current was as low as
elements), no phase diagrams were reported. possible so as to minimize the loss of weight by volatiliza-
The binary systems Al-Sb, Al-Y and Sb-Y bounding tion of antimony.
the Y—AI-Sb system have been investigated in detail in the After melting the alloy buttons were sealed in evacuated
literature. There is only one intermediate phase AISb in the quartz tubes for homogenization heat treatment. The
Al-Sb system [2—6]. Schmidt and McMasters [7] pre- homogenization temperatures were chosen on the basis of
sented the Sb-Y phase diagram and revealed four inter- the binary alloy phase diagrams of the Al-Sb, Al-Y and
mediate phases: ;Y Sb,.Y $b,,Y $Sb and YSb. Seven Sb-Y systems and differential thermal analysis (DTA).
intermediate phases occur in the Al-Y system Al .Y, The samples with more than 50 at.% Sb were homogenized
(B) ALY, ALY, AlY, Al'Y ,AlY ,,AlY [8-12]. The at 873 K for 500 h. The rest of the alloys were homogen-
binary compound Al ¥ was reported in studies on the ized at 1173 K for 500 h. Subsequently, they were cooled
crystallization of Y—AI glasses [13]. at a rate of about 10 K/h to 800 K and kept at this
temperature for 200 h, then quenched in an ice-water
mixture.
2. Experimental details X-ray powder diffraction and scanning electron micro-
scopy with energy dispersive analysis were used in the
The present investigation was carried out with 99 present investigation. Samples for X-ray diffraction analy-
samples having weight of about 3 g. The purities of ses were powdered. The powder X-ray diffraction analyses

were performed on a Rigaku D/Max 2500 V diffractome-
ter with Cu Ka radiation and graphite monochromator

*Corresponding author. Tel+86-771-327-2311; fax+86-771-323-  OPerated at 40 kv, 250 mA. The Materials Data software
3530. Jade 5.0 [15] and Powder Diffraction File (PDF release
E-mail address: Imzeng@gxu.edu.cilL. Zeng). 2000) were used for phase identification.
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Table 1

Analysis results of the X-ray diffraction pattern of samplg,Y ,AlA=1.54056 °A)

No. 20 d (A) I (%) Phase No. e d (A) I (%) Phase
1 23.259 3.8211 2 YAl 22 46.266 1.9607 1 Y Al
2 24.12 3.6866 64 Y A 23 46.41 1.9525 2 YAl
3 26.357 3.3784 1 Y Al 24 46.719 1.9427 4 s YAl
4 27.897 3.1955 35 Y Al 25 46.954 1.9335 9 S YAl
5 28.698 3.1081 4 Y,0, 26 47.539 1.9111 6 Y Al
6 30.643 2.9151 56 Y Al 27 48.313 1.8839 1 s YA
7 31.902 2.8029 100 Y Al 28 48.723 1.8652 1 5 YLA
8 32.396 2.7622 14 YAl 29 49.416 1.8428 7 Y Al
9 32.862 2.7232 14 Y Al 30 50.041 1.8213 2 s YA

10 33.758 2.6529 67 Y Al 31 50.275 1.8133 4 s YA

11 34.38 2.6064 74 Y Al 32 51.561 1.7711 29 s YLA

12 36.397 2.4664 29 Y Al 33 52.836 1.7313 19 5 YAl

13 36.899 2.434 3 YA 34 54.042 1.6951 10 s YAl

14 37.583 2.3892 7 YAl 34 54.172 1.6919 4 YAl

15 38.537 2.3342 2 Y Al 36 55.296 1.6599 9 s YA

16 38.839 2.3192 2 Y Al 37 56.948 1.6156 4 s YAl

17 39.395 2.2853 6 Y Al 38 57.136 1.6108 20 3 YAl

18 41.177 2.1905 5 Y Al 39 57.661 1.5974 9 s YA

19 41.939 2.1524 5 Y Al 40 57.761 1.5944 3 YAl

20 42.233 2.1381 1 YAl 41 58.286 1.5817 9 Y Al

21 45.32 1.9994 18 Y Al 42 59.992 1.5408 15 s YA

The sample consists of two phases (except minor Y O,): Y Al crystallizes in a cubic structura=tf7845(8) A
structure witha=8.2411(5) ‘Ac=T. 6411(8) °A.

, Al, crystallizes in a tetragonal

3. Results and discussion compounds §)AIlY, Al Y, AlY, Al'Y and AlY jhave
been confirmed. Bailey [19] revealed that)Al,Y is a
low-temperature phase stable below 917 R)Al,Y is a
high-temperature phase stable above 917 K. Under the
In present work we have studied the binary systems present experimental conditions, we have obtained
Al-Sb, Sb-Y and Al-Y at 800 K to identify the binary (B)Al,Y at 800 K, not @)Al,Y. The binary compound
compounds. In the Al-Sb system we have obtained the AlY , crystallizes in the orthorhombic with Co Si-type
binary compound AISb. In the Sb—Y system, three binary structure anda=6.642(2) ‘A, b=5. 084(1) A, c=9. 469(2)
compounds YSb, ¥ Spb and )Y Sb have been confirmed. A [17]. The compound Al ¢ is hexagonal with=8.787
But in the present work we could not obtain binary £=6.435 A and was produced by melt-spinning the
compound Y, Sh , because it is a high-pressure phase [14]. buttons under helium at 15 kPa pressure [25]. In order to
In the AI—Y system, the existence of five binary identify the existence of the binary phases Al'Y and

AlY , we prepared several samples with the compositions

3.1. Boundary binary systems

Al from 62.5 at.% yttrium to 67.0 at.% yttrium which were
e single phase region A annealed at 1173 K for 500 h in an evacuated quartz tube,
two-phase region TN cooled to 800 K at a rate of 10 K/h and then kept at 800 K
-pnase regio | BN
P80

/N three-phase region
Table 2
Details of the three-phase regions in the Y-Al-Sb

$° Phase Alloy composition (at.%) Phase composition
o/ Alsb .
v;,/ regions v Al Sb
60 ./
/ 1 30 15 55 SB-AISb+YSb
/ 2 16 54 30 AK-AISb+YSb
)4 3 30 55 15 Ak-AlLY +YSb
80 7 4 37 48 15 AL Y+ALY +YSb
/,/ 5 50 35 15 AL Y+AI Sb, ,Y.+YSb
/ 6 50 47 3 AL Y+AIY +Al Sh, Y.
. 7 60 37 3 AIY+ALY ,+Al Sb, Y,
Sb 20 8 65 30 5 AL Y,+AlY ;+Al Sb, Y,
9 75 20 5 AlY,+Y+AlSb, .Y,
10 80 10 10 Y+Y . Sb+Al Sb, Y,

Fig. 1. The isothermal section Y—AI-Sb system phase diagram at 800 K.
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Table 3

The lattice parameters of Y Al Sb,
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This means that binary compounds,ALY and AlY do not
exist at 800 K.

Samples Lattice parameter§ (A)
c
K

Y Sh, 8.878(2) 6.254(3)
YAl,Sb,, 8.842(1) 6.383(1)

YA, Sb,, 8.829(1) 6.441(2)

YA, Sbge, 8.814(2) 6.493(1)

YAl, Sb,, 8.8162(6) 6.4711(4)

YA, Sb, 8.8079(7) 6.4906(6)

3.2. The phase diagram of the Y—AI-Sb system at 800

The isothermal section of the Y—AI-Sb system phase
diagram at 800 K has been constructed by using the
analysis results obtained in the present work (Fig. 1). This
isothermal section consists of 10 three-phase regions, 23

two-phase regions, and 12 single regions. Details of the
three-phase regions are given in Table 2. To obtain the
maximum solid solubility of Al in,Y Sb , several samples

for 200 h. Subsequently the samples were quenched into

ice-water mixture. The X-ray diffraction patterns of these
samples only contain the X-ray diffraction patterns of
AlY ;and AlY ;except the pattern of a minor Y © phase
(at 28.698 20). The X-ray diffraction data and phase
analysis results of the sample Al oY

are listed in Table 1.

We also observed the existence of the binary compound

AlY 5 but not AlY , and Al,Y ¢ in the three phase regions.

8.86
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880

lattice parameters(a)
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alumium content

s Y, ALSpb x=0, 0.8, 1.6, 2.16, 2.4, 2.8) were prepared.
X-ray powder diffraction data were collected at room
temperature using &€u&diation. Highly pure silicon
was used as an internal standard. The lattice parameters
were refined by the Materials Data software Jade 5.0 and

are listed in Table 3. The variation of the lattice parameters
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with Al content were shown in Fig. 2.

Fig. 2. Determination of the maximum solid solubility of Al in,Y $b by means of lattice parameters of quenched powders.

Table 4

Crystallographic data of the initial components and the binary compounds for the Y—AI-Sb system

Phase Space group Structure type Lattice paramefers (A) Reference
a b c

()Y P6,/mmc Mg 3.663(1) 5.777(2) This work
P6;/mmc Mg 3.6474(7) 5.7306(8) [16]

AlY , Pm3m AuCu, 4.7845(8) This work
Pm3m AuCu, 4.818(2) [17]

ALY P4,/mnm Al Zr, 8.2411(5) 7.6411(8) This work
P4,/mnm Al Zr, 8.239(3) 7.648(4) [17]

AlY Cmem BCr 3.884(2) 11.522(4) 4.385(2) [17]

AlLY Fd3m Cu,Mg 7.8611(8) [18]
Fd3m Cu,Mg 7.850(3) This work

(ALY P6,/mmc Ni,Sn 6.276(2) 4.582(1) [19]

(B)AILY R3m BaPb, 6.1884(9) 21.094(4) This work
R3m BaPhb, 6.204(2) 21.184(7) [19]

Al Fm3m Cu 4.050(2) [20]

AlSb F43m SZn 6.1350 [21]

Sb R3m As 4.3084 11.274 [22]

YSb Fm3m CINa 6.165 [23]

Y ,Sb P4,/n PTi, 12.361(1) 6.180(1) [24]

Y Sh, P6,/mcm Mn.Si, 8.9114(5) 6.2960(6) [24]
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From Fig. 2 we can derive that the maximum solid
solubility of Al in Y Sb, is about 27 at.%. Any solid

solubility in other phases has not been observed. The
crystallographic data of the initial components and the

binary compounds for the Y—AI-Sb system are given in
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