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The phase equilibria in the Al-rich region of the {r, Gd}-Ni—Al ternary systems at 773X have been
reinvestigated using XRD, microstructure and X-ray microprobe analysis. Four intermetallic compounds:
1- R3Ni5A|19 (StrUCtUre type Gd3Ni5A|19), 2 - R4Ni6A|23 (Y4Ni6A|23), 3 - RN|3A|9 (YN|3A|9) and 4 - RN|A|4
(YNIAIl 4), exist in both systems. It was shown that the themodynamic equilibrium state of the samples could
be reached after a relatively long heat treatmentup to four months). This is probably the main reasn for
some contradictions in the literature on the {Y Gd}-Ni—-Al phase diagrams. The crystal structure ofthe
Y 3NisAl 19 ternary compound (GasNisAl 1o type, space groupCmem) was refined by the Rietveld method from
powder X-ray diffraction data. The refined cell parameters are a= 0.40713(1nm, b= 1.5957(3)m,

c = 2.7052(6)1m.
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Introduction

In addition to a number of practical applicatiorae-
earth elementsR) are also used as modifying agents
for different metallic alloys. Amorphous metallic
alloys (AMA) based on Al and doped with rare-earth
and/or transitionNl) elements exhibit better corrosion
resistance and mechanical properties than their
crystalline analoguegl]. Thermal treatment of AMA
causes their crystallization, which takes placa few
steps. By carrying out partial crystallization oMA,

one can change their propertiesg. mechanical,
chemical and others. We have recently studied the
influence of Gd and Fe on the crystallization of
YsNigAlg; AMA [2]. The crystallization of ¥NigAlg,

Y 4,GdiNigAlg; and G@NigAlg; leads to precipitation of
Al(R) and RsNisAlyg (structure type GgNisAlig)
(R=Y, Gd). AIR and RFegAlg (structure type
CeMnAlg) crystalize in  AMA with Fe
(Y4GdNijFeAlg; and GdNigFgAlgy). In order to
better understand the crystallization processes in
amorphous alloys, a comparison of the results of
AMA devitrification with the phase equilibrium séat

of the corresponding solids is required.

Literature data on the phase diagrams of the pinar
R-Al, Ni—Al and ternary (Y, Gd)-Ni—-Al systems is
summarized below.

Binary systems. The investigated parts of the
ternary systems are limited by the binary systems
Ni—Al, Gd—-Al and Y-Al. Two binary intermetallic
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compounds (IMC) are formed in the Al-rich region in
each of these systems. Their crystal structure
characteristics are presentediimble 1

Ternary systems. The phase equilibria in the
{Y, Gd}-Ni—Al ternary systems at 1073 K have been
investigated in the whole concentration rarj§e].
Two ternary compoundBNizAl ¢ (orthorhombic) and
RNiAl 4 (structure type YNiA)) (R=Y, Gd) have been
reported within the 60-100 at.% Al range. Further
investigations[10-14] did not confirm theRNizAl 4
IMC, but three new ternary compounds, ¥Alp,

Y 4NigAlz and GdNisAlg with own structure types,
were found. The structure types NicAl,; and
G:NisAl9 are related and belong to the structure
seriesRymMo.mAl 15+4n [11]. Crystallographic data for
the Al-rich IMC in the {Y, Gd}-Ni-Al ternary
systems are presentedliable2.

Vasilievet al. [16,18] observed the coexistence of
R4NigAl 3 andR3NisAl ;g in some ternary alloys of the
{Y, Gd}-Ni-Al systems. They consider these
compounds as polymorphic modifications, taking into
account their close structures and compositions. As
mentioned above, th&;NisAl;q IMC was observed
during crystallization of {Y, Gd}-Ni—Al amorphous
alloys [2]. But these results disagree with the results
reported iN10]. The large amount of work performed
by Raggioet al. (62 alloys, annealed at 773 K and
1073 K for 2-4 weeks, were analyzed by X-ray phase
analysis, electron microscopy and microprobe
analysis) resulted in the phase diagram
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Table 1 Aluminium-rich binary phases with Ni, Gd and Y: stgl structure data.

IMC Space Structure Lattice parameters, nm Ref.
group type a b c
NiAl 3 Pnma FeC 0.65982 0.73515 0.48021 [3]
NisAl 3 P-3mi1 NisAl3 0.40282 - 0.48906 [3]
GdAl; P65/mmc MgsCd 0.6320 - 0.4592 [4]
GdAl, Fd-3m MgCu, 0.79020 - - [5]
YAl 3 R-3m BaPh 0.6204 - 2.1184 [6]
YA, Fd-3m MgCu, 0.7827 — - [7]

Table 2 Aluminium-rich ternary compounds in the {Y, Gd}-M\l ternary systems: crystal structure data.

IMC Space Structure Lattice parameters, nm Ref.
group type a b Cc

GdsNigAl 23 C2/m Y 4NigAl 23 1.5856 0.4078 1.8286 [12]
p=113.01°

G:NisAl g Cmem GNisAl 19 0.40893 1.5993 2.7092 [11]

GdNizAlg R32 YNizAlg 0.73006 - 2.7478 [14]

GdNiAl, Cmem YNiIAl 4 0.4087 1.530 0.669 [15]

Y 4NigAl 53 C2/m Y 4NigAl 23 1.5836 0.40681 1.8311 [13]
p=112.97°

Y 3NisAl 19 Cmem Gd;NisAl 19 0.408 1.598 2.689 [16]

YNi3zAlg R32 YNi3zAlg 0.72894 - 2.7430 [14]

YNiIAl 4 Cmem YNiIAl 4 0.408 1.544 0.662 [17]

shown inFig. 1. The authors reported the existence of Experimental details

the Y4NigAl»s IMC in the Y—Ni—Al system at 773 K.

But there are some inconsistencies between the Metals of the following purity were used (in wt.%):
nominal composition of the alloys and the Gd 99.99, Y 99.95, Ni 99.99, Al 99.99. The samples
corresponding phase equilibria (sé&.1 and the were prepared in an arc-melting furnace from the
following comments). The alloy No. 44 of nominal initial metals wunder an argon atmosphere
composition Y4 NiysAl796 Was reported to be single
phase <¥NigAl,s>, although according to the reported
phase diagram it should contain two phases
<Y4NigAl3 + YAI;>. Similar disagreement occurred
in the data for some other alloys: No. 37, No. 45,
No. 46a, No. 49, No. 52a, No. 53a, No.H6) (see
[10]).

A possible reason of these discrepancies couldl be
shift of the nominal composition of the sampleshia
range from ~0.5 to 4 at.% for different alloys. Almer
probable reason could be insufficient thermal
treatment of the investigated alloys: 2 weeks & K7 YA
in [10-13] and 0.5-48 hours at 773 K [ih6,18], which
led us to the conclusion that these alloys were not YAl
homogenous. ,

The aim of this work was to reinvestigate the ,,/
phase equilibria in the {Y, Gd}-Ni-Al systems at /
773 K in the range 65-100 at.% Al and to find dcuti /A
the crystallization of ¥NigAlg; AMA (R=Y, Gd)
leads to the precipitation of thermodynamicallybta

phases. The latter issue will provide deeper insigh Fig. 1 Isothermal cross-section of the Y—Ni—Al
into the understanding of the mechanisms of ternary system at 773 K, nominal composition
crystallization of Al-base®-Ni—Al amorphous alloys of some alloys and their numbers are according
and the effects of doping by othRrandM elements to [10]. Ternary compounds: 1 — MigAlys,

to obtain AMA with defined properties. 2 — YNiAl4; 3 — YNiBAI,.
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Table 3Nominal (at.%) and phase composition of the inga¢éid alloys in the Y—Ni—Al ternary system at

773 K.
No. Nominal composition

of alloy Y Ni Al Phases
la 5 8 87 Al + ¥NisAl 14
2a 10 10 80 Al + YAd + Y4N|6A| 23
3d 5 15 80 Al + NiAk + YNizAlg
4a 3 20 77 Al + NiAd + YNi3zAlg
ba 16 8 76 Al + Y/Ad + Y4N|6A| 23
6a 8 18 74 Al + ¥NisAl 1o + YNisAlg
7d 13 14 73 Al + YA} + Y NigAl 53
8a 6 21 73 Al + NiAJ + YNizAl
9d 17 11 72 YA} + Y,NigAl 53
10a 11 17 72 WizAl 19
11a 24 6 70 YA+ YAl; + YNIAl,
12a 11.75 18.25 70 MigAl 3 + Y3NisAl 1o + YNizAlg
13a 10 20 70 WigAl s + Y3NisAl o + YNizAlg
14a 12.1 18.2 69.7 XisAl o3 + YNizAlg + YNIAl,
154 10 20.5 69.5 YNisAl 3 + YNizAlg + YNIAl,
16a 7.5 23 69.5 DAl 5 + YNizAlg
17a 16 15 69 YAl + YNigAl 3 + YNiAl,
18a 3 28 69 NlN + N|2A|3 + YN|3A|9
19a 12.5 19 68.5 MisAl o3 + YNiAlg + YNIAl,
20a 16.7 16.7 66.7 YNiAl
218 11 23 66 NIAIl5 + YNizAlg + YNIAl,
228 8 26 66 NjAl; + YNizAlg + YNIAl 4
23a 13.5 21.5 65 DAl + YNIAl

3a, 74, 94 contain traces of WisAl g, 154 traces of NiAls; 21a° 2223 traces of ¥NigAl 3.

(99.998 vol.%) on a water-cooled copper hearth @aith
W electrode. The samples were weighed on a torsion
balance with the accuracy 0.002 g. Homogenizatfon o
the samples was performed in evacuated silica tabes
773 K for 2-4 months. After the heat treatment the
ampoules with the samples were quenched in cold
water. X-ray diffraction (XRD) phase analysis was
based on data obtained on DRON-2.0 (GeK
radiation, 2 15-115° step 0.025°) and STOE
STADI P (Cu K, radiation, 2 6-120°, step 0.015°)
powder diffractometers, using PCMR] and FullProf
[20] programs. Electron scanning microscopy and
X-ray microprobe analyses (microscopeEENRMA-
102-02, accuracy 1-5 at.%) were also performed.

Results and discussion

In total 23 and 20 alloys were prepared and
investigated in the Y- and Gd-containir+Ni—Al
ternary systems. Their nominal and phase
compositions are presentedlinbles3 and4.

XRD patterns of the as-cast and annealed
Y:NigAlg; samples are presented iRig.2. The
Rietveld profile analysis revealed two phases i@ th
as-cast alloy: Al and MigAl»3 ternary IMC Fig. 23).
After the heat treatment of the alloy at 773 K fbr
months, the profile analysis showed the presendd of
and another ternary compoundzNisAl.g (structure
type GdNisAlyg) (seeFig. 2b). Both samples (as-cast
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and annealed) were refined as a mixture of Al and
YNigAl,3, and also as Al and 3NisAl,g. The best
refinements are presented fig. 2 (the as-cast alloy
refined as Al and WNisAlg had residualsR,, Ry,
> 50 %; the annealed alloy refined as Al
Y4N|6A| 23 hadRp, pr >50 % tOO).

A similar structure transformation was observed in
the sample No.1b GNigAlg; after the same heat
treatment: Al and GfNigAl,; IMC were found in the
as-cast sampleF(g. 38), whereas after annealing Al
and the GgNisAl 9 ternary compound with traces of
GdyNigAl,3 were observed FHg.3b). These XRD
profiles were also refined with the assumption of ¢
existence of two ternary IMC structures: MaAl 1o
and GdNigAl,s. The best refinements are presented in
Fig. 3 (the as-cast alloy refined as Al and:8dAl 9
had residualsR, R, >50 %; the annealed alloy
refined as Al and XWigAl,s had R,= 2.12%,
Ry = 3.78%, and the same alloy refined as Al and
Go:NisAl;g had R,= 3.03%, Ry, = 3.87%; the
refinement considering a three-phase sample wéh th
minimal R, Ry, was chosen).

Such changes in the phase content during the heat
treatment indicate that thB;NigAl,3 IMC with the
Y4NigAlos structure type exists in inhomogeneous
samples in certain ranges of the phase diagrans. Thi
could be the reason for the above-mentioned
discrepancies in the literature: the IMC compound
with  G&NisAlotype structure is not observed in
relatively briefly heat-treated alloys.

and
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Table 4 Nominal (at.%) and phase composition of the ingeséid alloys in the Gd—Ni—Al ternary system at

773 K.
No. Nominal composition

ofalloy [ Gg Ni Al Phases
1b 5 8 87 Al + GgNisAl 1o
2bt 10 10 80 Al + GdA] + GAiNigAl 53
3b 5 15 80 Al + NiA} + GdsNigAl 16
4b 3 20 77 Al + NiA} + GdsNigAl 16
6b 8 18 74 Al + NiA} + GNisAl 1
7b 6 21 73 NiAd + GNisAl 1o
8b 17 11 72 GdAl+ GdNigAl »3 + GdNiAl,
9b 11 17 72 GsNisAl 1o
10b 24 6 70 GdAl+ GdAL + GdNiAl,
11b 11.75 | 18.25 | 70 GNigAl 3 + GabNizAl 1o + GdNiAI
12b 10 20 70 GiNigAl ,5 + GNisAl 1o + GANBAI
13b 12.1 18.2 69.7 DAl 3 + GANigAl 3 + GdNiAl,
14b 7.5 23 69.5 NAI; + GdiNigAl 23 + GdNBAl
15b 16 15 69 GdAl+ GaNigAl ,3 + GdNiAl,
160 3 28 69 NiAL + NibAl; + GdNiBAlg
17b 16.7 16.7 66.7 GdNiAl
18b 11 23 66 NAl; + GdNigAl »5 + GdNiAl,
1917 8 26 66 NJAI; + GdiNigAl 5 + GdNBAI
20b 11.5 24 64.5 MAl; + GdNiAl,

2b', 160 contain traces of GNisAl g 19K traces of GdNiA).
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Fig. 2 XRD patterns of the as-cast (a) and heat-treatg@dsémple No.d YsNigAlg; and the difference
diagram (bottom) (STOE STADI P diffractometer, Cu Kadiation). Positions of the Bragg reflections:
(@) Al (0) and YiNigAly; (o) (R, = 3.98 %,R,, = 5.44 %); (b) Al ¢) and Y;NisAlg (*) (R, = 3.75 %,

Rup = 5.12 %).
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Fig. 3 XRD patterns of the as-cast (a) and heat-tredb@dsgmple No. 1b GHligAlg; and the difference

diagram (bottom) (STOE STADI P diffractometer,

Cy tadiation). Positions of the Bragg reflections:

(2) Al (0) and GdNisAl; () (R, = 2.15 %,Ryp = 2.80 %); (b) Al ¢), Gc:NisAl e (*) and GdNigAl 5 (o)

(R, = 1.14 %R,, = 1.48 %).

Taking into account that the structure types
Gd:NisAl9 and YNigAl,3 have similar structure and
are close to each other in composition, Vasibeal.
[16,18] suggest that these compounds are polymorphic
modifications of the same intermetallic compound.
However, exact compositions are reported for these
IMC in the literaturd11-13]. Taking into account that
the IMC with Y;NigAl,s-type structure is observed in
as-cast alloys, one can suggest that the strutfpee
Y4NigAloz is a high-temperature modification.
Rietveld refinements of a series of long-term aletta
samples showed that the ternary IMC with this
structure type is thermodynamically stable andnis i
equilibrium with other IMCFigs.4 and5 show XRD
patterns of such samples. Data on the phase
composition of these two and other samples of the
{Y, Gd}-Ni-Al ternary systems, based on the results
of XRD phase analyses, are presentedT @bles3
and4.

The experimental results indicate that the ternary
IMC RyNigAl,3 and RsNisAlg (R=Y, Gd) are in
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equilibria with other binary and ternary IMC at 7K3
and are thermodynamically stable.

Tables5 and 6 show the results of the crystal
structure refinement of JisAl ;¢ from powder X-ray
diffraction data. The crystal structure had presigu
been refined from single crystal XRD data and
confirmed by electron microscop¥6]. The data from
single crystal and powder XRD refinements are in
good agreement.

The results of the X-ray phase analysis were also
confirmed by electron microscopy and microprobe
analysis. These results are presenteHi@gs.6, 7 and
in Table7. The results of the microstructure,
microprobe and XRD phase analyses are in good
agreement. It should be pointed out that the
microprobe method revealed traces of;HgAl g in
sample No. 16b Gflli,gAlgg and some other samples
(see Tables3 and 4). Taking into account that the
compounds with the GHMisAligtype structure are
thermodynamically stable (could be obtained by long
heat treatment of the as-cast alloys) and their

Chem. Met. Alloys 3 (2010)
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Table 5 Details of the structure refinement for the pojsatalline sample YWNigAlg; (STOE STADI P
diffractometer, Cu Kradiation).

Phase
Space group
Unit cell parameters

Formula unit per cel
DensityD,, g cm®

Texture parametes

FWHM parameter$), V, W
Mixing parameter
Asymmetry parametety,
Number of refined parameters
Reliability factorsRg, Ry, Rup
Goodness of fi§

a, nm
b, nm
c, nm

V, nnt

Y 3NisAl g
Cmem
0.40713(1)
1.5957(3)
2.7052(6)
1.7574(6)
4
4.790
1.335(3) [001]
0.008(2), 0.012(2), 0.0047(5)
0.58(3)
-0.009(5)
65
0.0495, 0.0448, 0.0593

1.13

Table 6 Atomic coordinates and isotropic displacement petars for ¥NisAl,9 (powder data, structure

type GdNisAl,q, Pearson symboloS108, space groupCmcm, a= 0.40713(1), b= 1.5957(3),
¢ = 2.7052(6) nm).
Atom wyckoff X y z Biox1(, nnt
position
All 8f 0 0.9639(5) 0.3250(4) 1.3(2)
Nil 8f 0 0.9458(2) 0.4154(2) 1.2(1)
Al2 8f 0 0.9336(5) 0.9693(5) 1.6(2)
Y1 8f 0 0.8342(2) 0.8649(1) 1.14(6)
Al3 8f 0 0.7900(5) 0.4107(4) 1.0(2)
Al4 8f 0 0.7740(5) 0.3054(4) 1.4(2)
Al5 8f 0 0.7670(4) 0.9726(4) 0.5(2)
Ni2 8f 0 0.6582(2) 0.4582(2) 1.16(9)
Al6 8f 0 0.6305(4) 0.8659(4) 0.7(2)
Al7 8f 0 0.5937(4) 0.9625(4) 0.7(2)
Al8 8f 0 0.4637(5) 0.9002(4) 0.9(2)
Al9 8f 0 0.4216(5) 0.7993(4) 1.0(2)
Ni3 4c 0 0.0451(4) Ya 1.5(2)
Al10 4c 0 0.1934(7) Ya 1.3(3)
Y2 4c 0 0.3885(2) Ya 1.15(9)
LT .
= 500 = =
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Fig. 4 XRD pattern of the annealed sample No.¥?;0NijAlgg and the difference diagram (bottom)
(DRON-2.0 diffractometer, Fe Kradiation). Positions of the Bragg reflections: (&), Y4NigAl,; (¢) and
YAl 3 (*) (R, = 4.65 %Ry, = 5.99 %).
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Table 7 Data of the X-ray microprobe analysis of the {YdJ&Ni—Al ternary alloys.

No. Nominal Experimental composition, at.? Phase
of alloy | composition, at.% R Ni Al
4a Y3N|20A| 77 - - 100 Al (dark)
- 21 79 NiAl 5 (grey)
20 5 74 YNi3zAlg (light)
13 Y 10Niz0Al 70 22 9 69 YNi3zAlg (grey)
18 13 69 Y 4NigAl 23 (Y3NisAl 1) (light)
1% Y12.Ni16Algg 5 21 8 71 YNizAlg (dark)
17 12 71 Y 4NigAl 23 (grey)
17 15 68 YNiAl 4 (light)
21a YllNi23A| 66 21 10 69 YN|3A|9 (grey)
16 14 70 YNiAl 4 (light)
3b GdNigsAlgo - - 100 Al (dark)
- 28 72 NiAl 3 (grey)
19 11 70 GdNisAl g (light)
4h GadNigAl77 - - 100 Al (dark)
- 22 78 NiAl 5 (grey)
14 9 77 Gd;NisAl 19 (light)
16b GdNiygAlgg - 30 70 NiAl ; (dark)
21 11 68 Gd;NisAl 1 (GAyNigAl 23) (white)
26 8 66 GdNizAlg (light grey)
- 42 58 NiLAl; (grey)
18 14 68 GdsNigAl 53 (light)
- 42 58 Ni,Al ; (dark)
T200 =1 LENLIN B TfT ffrrfrrrrrrrrrreg 1.1 TTfTlfrTrIfrrrrrr oo
sa0 | °
5400 E
T S
= =
@ 300
oy L
E 1808 Ei git fuul J
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o | meee  im |||| oo mennmge
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Fig. 5 XRD pattern of the annealed sample Na G, Ni;g-Algg7 and the difference diagram (bottom)
(DRON-2.0 diffractometer, Fe Kradiation). Positions of the Bragg reflectionsGdiAl, (o), Ni,Alz (e) and
GdaNigAl 23 (*) (R, = 5.47 %Ry = 6.75 %).

traces are present in some ternary alloys, one can in Figs.8 and9. These two phase diagrams are similar
assume that this IMC is in peritectic equilibriuntiw to each other, with only a few exceptions for the
other compounds, which makes it more difficult to equilibria with the ternary compounds 1, 3 and 4.itA
reach the equilibrium state of the alloys, evenaby  can be seen fromigs.1, 8 and9, some equilibria of

long-term heat treatment. the phase diagrams differ from those reported.@j.
Based on the obtained results the isothermal €ross An additional investigation of a few as-cast sample
section of the {Y, Gd}-Ni—Al ternary system at 7K3 was carried out in order to confirm the equilibrium

in the 65-100 at.% Al concentration range are shown state of the investigated samples.
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Fig. 6 Microstructures of Y-=Ni—Al ternary alloys with thiellowing composition:

(a) No. 4 Y3NiyAl;; <Al (dark) + NiAl; (grey) + YNBAIg (light)>; (b) No. 13 Y 1oNi»0Al70 <YNi3zAlg (grey)
+ Y4Ni6A|23 (Y3N|5A| 19) (Ilght)>, (C) No. 19 le_d\”lgAl 68.5 <YN|A|4 (llght) + YN|3A|9 (dark) + Y4N|6A| 23
(grey)>; (d) No. 224 Y13Ni»Algs <NibAlz (dark) + YNiAl, (light) + YNisAlg (grey)>.

Fig. 10a shows the XRD pattern of the as-cast
sample No. 3 YsNisAlge, revealing the presence of
three phases: Al, NiAland Y;NigAl,3 in agreement
with the phase diagram reported|[iD] (seeFig. 1).
The XRD pattern of the same alloy annealed for 2
months shows changes in its phase content. After
annealing Al, YNjAl,, NiAl; and traces from
Y 3NisAl g are observed in the XRD pattern, presented
in Fig. 10h.

A similar transformation occurred during the heat
treatment of the sample No. 7b Blib;Al,s. Three
phases, NAl;, NiAl; and GdNigAl,; are present in
the as-cast alloy, but two phases, NiAand
Gd;NisAl,q, were observed after two months
annealing, as it can be seen from the XRD patterns
(Fig. 11a,h. The results, presented figs. 10 and11,
indicate a strong influence of the heat treatmenthe
phase content of Al-rich {Y, Gd}-Ni-Al ternary
alloys and explain some of the controversial liera
data indicated in the Introduction.

Fig.12 shows XRD patterns of an amorphous
alloy Y:NigAlg; prepared by the melt-spinning
technique and afterwards totally crystallized by

Chem. Met. Alloys 3 (2010)

heating it up to 639 K at a heating rate of 20 K/mi
and of an alloy of the same composition prepared by
arc-melting and homogenized at 773 K for 4 months.
The phase composition of these two alloys is the
same. This result indicates that the amorphousy allo
crystallizes according to the phase equilibrium
diagram.  Furthermore, the thermodynamically
equilibrium crystalline state was reached aftereayv
short time, 1 h, at 430 K. XRD data d®NigAlg;
amorphous alloysR =Y, Gd) and their crystallization
procedure are presented in more deta[Rin Similar
results have been obtained for a sSigAlg,
amorphous metallic alloy.

Conclusions

The phase equilibria in the Al-rich region of the
{Y, Gd}-Ni-Al ternary systems at 773 K have been
reinvestigated using XRD, microstructure and X-ray
microprobe analysis. Four intermetallic compounds:
1- RsNisAlyg  (structure  type  GfNisAl,g),
2 — RiNigAlzs (YaNisAlzg), 3 — RNisAlg (YNizAl),
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Fig. 7 Microstructures of Gd—Ni—Al ternary alloys withetfiollowing composition:

(a) No. 3b G@NiysAlgy <Al (dark) + NiAl; (grey) + GdNisAl 16 (light)>; (b) No. 4b GeNiyAl;7 <Al (dark) +
NiAl ; (grey) + GdNisAl 1o (light)>; (¢) No. 16b GgNi,gAlgg <NiAl; (dark) + NpAl; (grey) + GdNiAlg (light
grey) + GdNisAlg (light)>; (d) No. 19b GgNiysAlgs <NiLAl; (dark) + GdNiAlg (grey) + GdNigAl,s

(light)>.

Fig. 8 Isothermal cross-section of the Y—Ni—Al
ternary system at 773 K.

e single-phase sampl® two-phase,A three-
phase; A— composition of alloy, which
corresponds to the amorphous alloyNgAl g;.
Ternary compounds: 1—-  3MisAlg,

2 — Y;NigAl 3, 3 — YNIiAl 4 — YNBAI .

Fig. 9 Isothermal cross-section of the
Gd-Ni-Al ternary system at 773 K.

e single phase sampl® two-phase,A three-

phase; A— composition of alloy, which

corresponds to the amorphous alloy

Gd;NigAlgy. Ternary compounds:
1 — GdNisAlg, 2 — GdNigAl,s 3 — GdNIAL,
4 — GdNgAl,.

Chem. Met. Alloys 3 (2010)
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Fig. 10 XRD patterns of the as-cast (a) and annealed gb)pke No. 3 Y:NijsAlgg and the difference

diagram (bottom) (DRON-2.0 diffractometer, Fgnddiation).
Positions of the Bragg reflections: (a) Al)( NiAl; (*) and YiNigAlys (o) (R, = 2.49 %,Ryp = 3.18 %);

(b) Al (0), YNizAlg (A), YaNisAl 16 (8) and NiAk (*) (R, = 5.80 % R,p = 7.80 %).
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Fig. 11 XRD patterns of the as-cast (a) and heat-tredigcdgmple No. 7b Gdli,;Al;; and the difference

diagram (bottom) (DRON-2.0 diffractometer, Fgniddiation).

Positions of the Bragg reflections: (a)Mis (o), NiAl; (*) and GdNigAl,; (8) (R, = 2.77 %Ry, = 3.62 %),

(b) NiAl; () and GaNisAl 16 (#) (R, = 5.92 %R, = 7.57 %).
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Fig. 12 XRD patterns of the amorphous allogNfsAlg; totally crystallized after heatinf2] (a) and its

crystalline arc-melted analogue (b) and the difieeediagrams (bottom).

Positions of the Bragg reflections: Ab)(and Y;NisAl1g (*); (a) Ry = 14.8 %,Ryp = 19.7 % (Philips X-Pert
diffractometer, Cu K radiation); (b)R, = 3.75 %,R, = 5.12 % (STOE STADI P diffractometer, Cy K
radiation).

and 4 -RNiAl 4 (YNIAl,), exist in both systems. Itwas  [3] A.J. Bradley, A. TaylorPhilos. Mag. 23 (1937)

shown that the thermodynamic equilibrium statehef t 1049-1067.

samples could be reached by a long-term heat [4] J.H.N. Van Vucht, K.H.J. Buschow]. Less

treatment (up to four months). Insufficient annegli Common Met. 10 (1966) 98-107.

time is probably the main reason for some [5] N.C. Baenziger, J.L. Moriarty Jr.,Acta

controversial literature data on the {Y, Gd}-Ni—Al Crystallogr. 14 (1961) 948-950.

phase diagrams. The crystal structure of thdiyAl o [6] D.M. Bailey, Acta Crystallogr. 23 (1967) 729-
ternary compound (space groGmcm) was refined by 733.

the Rietveld method from X-ray powder diffraction [7] P.l. KripyakevichKristallografiya 5 (1960) 440-
data. The refined cell parameters are 441.

a= 0.40713(1) nm, b= 1.5957(3) nm, [8] R.M. Rykhal, O.S. Zarechnyukpopov. Akad.

€ =2.7052(6) nm. Nauk Ukr. RSR 4 (1977) 375-377.

The crystallization ofRsNigAlg; (R= Y, Gd) [91 R.M. Rykhal, O.S. Zarechnyuk, O.M. Marych,
amorphous metallic alloys leads to thermodynamical Dopov. Akad. Nauk Ukr. RSR 9 (1978) 853-854.
equilibrium after a very short time (a few hours at [10] R. Raggio, G. Borzone, R. Feritotermetallics 8
703 K), in contrast to crystalline arc-melted samspl (2000) 247-257.
which need a much longer heat treatment (up to [11] R.E. Gladyshevskii, K. Cenzual, E. Partli,
4 months at 773 K). Solid State Chem. 100 (1992) 9-15.

[12] R.E. Gladyshevskii, E. Parth&. Kristallogr.
198 (1992) 171-172.
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