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Phase equilibria in the ternary Al-Ti-Pd system have been investigated in the range of the Pd content
below 50 at.%. Partial 930 and 1100 °C isothermal sections are constructed.

High-temperature bcc solid solution based on 3-Ti (A2) widely extends into ternary compositions. With
increasing Pd concentration it obeys the CsCl-type ordering (B2) and this high-temperature ordered solid
solution links with that between congruent TiPd and AlIPd. The Al-rich end of the low-temperature o-Ti
region extends up to 6 at.% Pd. The Al-Ti y-phase and n-phase extend up to 5 at.% Pd. Other binary Al-Ti
and Pd-Ti intermetallics dissolve below 3 at.% of the third element.

Three ternary compounds T;, T, and T3 reported earlier were confirmed. The T,-phase (Pm3m,
a=0.39620 nm) exists in a compositional range between AlggTi»7Pdy3 and Al;Ti»3Pd; at 1100°C and
between Alg; TizsPdi4 and AlggTizaPd; at 930°C. The T,-phase (Fm3m, a=1.22589 nm) exists between
Al53Ti23Pd24 and A154Ti21pd25. The T3-phase exists in a range between A142Ti33pd25 and Al49Ti32Pd]9
at 1100°C and between Alyg5Tis35Pdys and AlygTizsPdig at 930°C. Apart from the basic structure
(P63/mmc, a=0.51383, c=0.82438 nm) also a superstructure of the of the Nb(Ir,Al),-type (P6s/mcm,
a=0.89098(11)nm, c=0.82011(7) nm) was confirmed at the Pd-rich end of this compositional region.
According to our preliminary results Ty melts incongruently at about 1420 °C while 73 melts congruently
at 1295 °C. The T,-phase is formed in a solid-state reaction between 1050 and 1100°C.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction In the present work a somewhat wider compositional region
of the Al-Pd-Ti phase diagram was studied at 930°C and a region
The AI-Ti-Pd alloy system was studied in Ref. [1] at 950°C below 50at.% Pd at 1100 °C.
in the compositional region below 25at.% Pd using powder X-
ray diffraction and scanning electron microscopy with microprobe

compositional analysis. A partial 950 °C isothermal section of Ref.

2. Experimental

The starting materials were Al of 99.995 mass% purity, Pd of 99.8 mass% and Ti of

[1] exhibits a wide extension of 3-Ti into ternary compositions. At
higher Pd and Al concentrations this solid solution was found to
have a CsCl-type ordering. The solubility of the third element in
the binary AI-Ti and Al-Pd intermetallics was found to be below
2.5at.%. Three ternary compounds designated 71, T, and T3 were
observedinRef.[1]. The T1-phase of the AuCus-type was found to be
formed around Alg; TizgPd13, T2 of the filled ThgMny3.+1 -type around
Als,Tip3Pdys5 and T3 of the MgZn,-type Laves structure was found
to be formed between A139.3Ti36.7pd24 and Al48Ti34~3Pd17.7. More
recently the crystal structures of the 71 and T, phases were spec-
ified using neutron diffraction [2]. According to Ref. [3], at 950°C
the T3-phase exhibits a Nb(Ir,Al),-type superstructure variant at
the Pd-rich end of its compositional region.

* Corresponding author. Tel.: +380 44 424 3090; fax: +380 44 424 2131.
E-mail addresses: alex.zaikina@googlemail.com, alex.zaikina@gmail.com
(0.V. Zaikina).
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99.98 mass%. Ternary alloys (2.5-3 g) of more than 40 compositions were prepared
by either arc melting or levitation inductive melting under argon atmosphere. They
were subsequently annealed under argon atmosphere at 930°C for 359-985 h and
at 1100°C for 88-120h.

The alloys were studied by scanning electron microscopy (SEM), powder X-
ray diffraction (XRD). The compositions of the phases were determined in SEM by
energy dispersive X-ray analysis (EDX) on polished unetched cross-sections. XRD
was carried out in transmission mode using Cu K,; radiation and an image plate
detector (5-120°). Differential thermal analysis (DTA) was carried out for a number
of samples at heating and cooling rates of 10-50 K/min.

3. Results and discussion
3.1. Binary terminals

The relevant part of the Al-Pd alloy system contains at the
studied temperatures the congruent AlPd phase (3-phase) and the
Al3Pd; phase (8 phase) formed by a peritectic reaction B+L <> 9 at
952 °C [4]. Their crystallographic data are included in Table 1. Both
phases exhibit binary compositional ranges. The Al-Pd system also
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Table 1
Crystallographic data of the Al-Pd-Ti phases in the studied compositional and temperature ranges. The literature data are given with the corresponding references.

Phase Space group Prototype Lattice parameters (nm) Comment
a c

B Pm3m CsCl 0.31406(6) - Also1Tizg sPds11
0.31574(7) - Al301Tig33Pd266
0.31934(7) - Al 4Tisz6Pd1s0

d P3m1 Al3Niy 0.4227 0.5167 [4]

o P63 /mmc Mg 0.29506 0.46835 [6]

o P63/mmc Ni3;Sn 0.5775 0.4655 [14]

v P4/mmm AuCu 0.4001 0.4071 [14]

mn 141 /amd HfGa, 0.3976 2.436 [14]

¢ P4/mmm Ti>Als 0.39053 2.91963 [15]

he I4/mmm TiAl3 0.3846 0.8594 [14]

T1 ngm AUCLI3 0.39575 - Alg]TizGPtB []]
0.39570 - AlgoTizsPtys [2]
0.39620(6) - Alg0Tizs5Pd125
0.39604(11) - Alg12Tizs gPdy32

T Fm3m ThMny341 1.22295 - AlsyTigs Ptoso [1]
1.22379(7) - Alsp9Tizz 4Pd2a7

T3 P63/mmc Manz 0.51330 0.82603 Al44Ti35Pt21 [1]
0.51383(8) 0.82438(9) AlysoTizn3Pdyy 7
0.51454(9) 0.82446(10) Alys5Tisa1Pdooa

T3 P63/mcm Nb(II‘,Al)z 089198(3) 082040(4) A141_0Ti34_5pt24_5 [3]
0.89098(11) 0.82011(7) Alys 1 TizeoPd2s 0

contains the so-called e-phases stable below 792 °C [4], and the -
and \-phases formed by solid-state reactions at still lower temper-
atures. The peritectically solidified e-phases can be formed in the
cast samples as well as the A-phase forming with (Al) a metastable
eutectic [4].

The Ti-Pd phase diagram is accepted in present databases
according to Ref. [5]. In the range of 50-100 at.% Ti (see Fig. 1) it
exhibited an extended high-temperature solid solution of Pd in
bcc B-Ti and a congruent TiPd phase isostructural to the above-
mentioned AIPd phase. In the following we use the designation {3
for the ordered structures and (3y; for the disordered structure. The
low-temperature boundary of the 3; region strongly depends on
the composition achieving its maximum of 960 °C at the ;-Ti,Pd
phase transition point. This would be important for our 930 °C sec-
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Fig. 1. Ti-rich part of the Ti-Pd phase diagram according to Ref. [5] (solid lines) and
according to our suggestion (broken lines, red in the web version of the article).

tion, but the compositional range close to Ti-Pd was not studied at
this temperature due to sluggish equilibration.

The Ti-Pd 3-phase only differs from the Br;-phase by a CsCl-type
ordering (i.e. B2 vs. A2 structures). This could imply the second-
order transition between the phases rather than the first-order
transition, as in the diagram of Ref. [5], and a continuity of their
compositional regions. Indeed, such a continuity was revealed in
Al-Fe [6] or Ti-Rh [7] or Al-Ti (see below). In contrast, in the dia-
gram of Ref. [5] the ranges of the ordered and disordered bcc phases
are separated by a narrow two-phase region. However, this was
not observed directly in this study: all the samples in the range
of 0-52at.% Pd quenched from 1000°C are shown to be single-
phase. Their structures forming at the annealing temperature could
not be concluded from either metallography or room-temperature
diffraction examinations due to the very rapid transformation of
the high-temperature phase(s) by cooling. The existence of the
two-phase region was probably concluded on the basis of ther-
mal analysis experiments, interpreted as evidence of the isothermal
transitions at 820 and 1310°C (Fig. 1). In our DTA experiments no
transition at 820°C was observed supporting a suggestion of the
compositional continuity of 3 and By;. For technical reason the sam-
ples were not studied in our work up to their melting, while the
results at 1310°C mentioned in Ref. [5] can also be interpreted in
favor of one continuous region. This casts doubt on the correctness
of this item in the generally accepted Ti-Pd phase diagram.

Moreover, it is plausible that the boundary between the A2 and
B2 structures lies at higher Ti concentrations and the boundary
shifts towards higher Ti with decreasing temperature (broken line
inFig. 1). Diffusion-couple experiments in Ref.[8] did not reveal any
discontinuity in the range from pure Ti to 50 at.% Pd. Instead, the
concentration profile obtained in this work at 1000 °C exhibited a
singularity at ~30 at.% Pd, which was suggested by these authors to
correspond to the A2/B2 boundary. Actually, the ordering could be a
reason for the increase in the melting temperature of the solid solu-
tion, while the dissolution of Pd in the disordered phase results in
its decrease. The suggested constitution of Ti-Pd is also supported
by an examination of ternary alloys (see below), which also did
not exhibit any two-phase region between the regions extended
from B-Ti and B-TiPd. In contrast to binary Ti-Pd [B-phase, that
in the studied ternary alloys could be quenched and examined by
room temperature XRD. The corresponding lattice parameters of 3
in several studied samples are included in Table 1.
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Table 2
Powder XRD data of the Ti-phase of the Alg,oTizs5Pd125 composition (Pm3m,
a=0.39620(6)nm, V=0.062194(17) nm?).

Table 3
Powder XRD data of the T-phase of the AlsygTix4Pd247 composition (Fm3m,
a=1.22379(7)nm, V=1.83283(19) nm?).

No. h k I dobs dcalc I/Iﬂobs No. h k I dobs dcalc I/’Oobs
1 1 1 1 0.22873 0.22875 100 1 1 1 1 0.70746 0.70656 2
2 2 0 0 0.19814 0.19810 47 2 2 0 0 0.61281 0.61190 1
3 2 2 0 0.14005 0.14008 19 3 2 2 0 0.43285 0.43268 6
4 3 1 1 0.11949 0.11946 18 4 3 1 1 0.36841 0.36899 2
5 2 2 2 0.11436 0.11437 5 5 2 2 2 0.35300 0.35328 36
6 4 0 0 0.09905 0.09905 2 6 4 0 0 0.30573 0.30595 33
7 3 3 1 0.28062 0.28076 3
8 4 2 2 0.24979 0.24981 10
The Al-Ti alloy system has been very extensively studied but 9 5 1 1 0.23537 0.23552 13
a complete agreement has not yet been achieved. In Ref. [9] the }(]) ‘5‘ ‘3‘ (1J g;;g;g 8'35222 102
two most recenF versions of Al-Ti published in Refs. [10,11] are 12 6 0 0 0.20401 0.20397 3
presented and discussed. In the temperature range relevant to our 13 6 2 0 0.19347 0.19350 3
study both diagrams in Refs. [10,11] are consistent. Thus, at 1100 °C 14 6 2 2 0.18452 0.18449 23
the system contains (see Table 1 for crystallographic data) Br; 12 g 2 ‘21 8-12223 8-%2?2 Z

. N o - . : - . .

exteang up to~20at.%Al, o, qz(AlT13 ), Y(AITi), n.(Alle), {(A15T12) 17 - 3 ; 015937 0.15932 4
and high-temperature € (Al3Ti). The controversies were mainly 18 8 0 0 0.15298 0.15297 9
revealed at higher temperatures. However, the dissolution of Pd 19 7 3 3 0.14948 0.14951 1
in binary Al-Ti phases is expected to reduce the transition temper- 20 6 6 0 0.14423 0.14423 3
atures, as is observed in other Al-Pd-TM alloy systems (see [12] for ;; g 2 ; 8'1332‘; 8'}23; ;
references). Therefore it is worth mentioning two relevant items: 23 3 4 0 013681 013682 3
24 9 1 1 0.13433 0.13433 2
e the A2 <> B2 order-disorder transition in 3-Ti is accepted in [10], 25 8 4 2 0.13355 0.13353 2
but the ordering is missing in [11]; 26 6 6 4 0.13047 0.13046 1
¢ the ranges of vy and { are separated in [10] by a narrow two-phase 27 9 3 ! 0.12830 012829 2
ranges oty ) p y Ow two-p 28 8 4 4 0.12492 0.12490 14
region and are associated with separate phases, whilein [11] they 29 7 7 1 0.12300 0.12300 2
are linked above 1215°C in a continuous range, where the high- 30 10 2 0 0.12000 0.12000 1
Al part is associated with a one-dimensional anti-phase structure 31 9 5 1 0.11831 0.11831 3
(1D-APS) 32 10 2 2 0.11778 0.11776 6
) 33 8 8 0 0.10817 0.10817 4
34 10 6 2 0.10344 0.10343 7
The propagation of the binary phases into the ternary space is 35 12 0 0 0.10199 0.10198 2
presented in Section 3.3. 36 12 4 0 0.09674 0.09675 3
Concerning the Al-Pd e-phases forming below the studied tem- 37 10 6 6 009329 0.09331 1
dob din solidified liquid phase. their maximal Ti 38 12 4 4 0.09224 0.09225 1
peratures and observed i idi iquid p , thei xi i 39 13 3 1 009148 009147 1

concentration was in the order of 0.5 at.%. This observation is con-
sistent with the previous results, which point to a decrease of this
value from 16 at.% of Ni or Co via 10 at.% of Fe and 5 at.% of Mn [12]
to 3at.% for Cr [13].

3.2. Ternary phases

Three ternary phases reported earlier in Ref. [1] were confirmed
in our study. In the following we use their same designations as in
[1] (see Table 1). The powder X-ray diffraction data of the ternary
phases are given in Tables 2-4. We also confirm the existence
of the Nb(Ir,Al),-type superstructure at the Pd-rich end of the T3
compositional region reported recently in Ref. [3] (see Table 1).
The corresponding XRD data of the almost single-phase sample
AlyqoTizggPtys, are presented in Table 5. In Section 3.3 only one
T3-region is shown, since we could not find any splitting of the
region associated with two types of structures.

According to our preliminary results T; melts incongruently at
about 1420°C while T3 melts congruently at 1295°C. The trans-
formation temperature of the T,-phase was only estimated to
be between 1050 and 1100°C. Indeed, DTA examinations of the
samples containing this essentially single-phase (an Als,Tix3Pdy5
alloy annealed at 930°C) indicated by heating at 20 K/min a weak
endothermic effect starting at 1126°C and a strong endothermic
effect starting at 1165 °C (Fig. 2a). The former could be associated
with a solid-state transformation of the T,-phase and the latter
with the eutectic reaction L« T +73+[3. On the other hand, the
above-mentioned Als,Tiy3Pd,5 alloy annealed at 1100°C exhib-
ited the 7y +73+[ equilibrium, which contradicts the existence
of the T,-phase at the annealing temperature. In order to clarify

(a)
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Fig. 2. DTA plots of the Als,Ti3Pdys alloy annealed at 930°C: (a) heating branch
(20K/min), (b)as(a) after preannealing at 1100 °C, and (c) cooling branch (50 K/min).
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Table 4
Powder XRD data of the T3-phase of the AlssTis3Pdyy7 composition (P65/mmc,
a=0.51383(8) nm, c=0.82438(9) nm, V=0.18850(4) nm?).

Table 5
Powder XRD data of the T3’'-phase of the Alss1Tizg9Pd260 composition (P63/mcm,
a=0.89098(11)nm, ¢=0.82011(7)nm, V=0.56381(12) nm?).

No. h k I dobs dca]c I/Il]obs No. h k I dobs dcalc ]/I(]obs
1 1 0 0 0.44492 0.44499 11 1 1 1 0 0.44641 0.44549 19
2 0 0 2 0.41223 0.41219 4 2 0 0 2 0.41015 0.41005 2
3 1 0 1 0.39201 039159 6 3 1 1 1 039145 039146 5
4 1 1 0 0.25660 0.25692 28 4 2 0 0 0.38550 0.38580 2
5 1 0 3 0.23373 0.23381 70 5 1 0 2 0.36225 0.36210 18
6 2 0 0 0.22239 0.22250 12 6 1 1 2 030184 030170 3
7 1 1 2 021810 0.21803 100 7 2 1 0 0.29165 0.29164 4
8 2 0 1 0.21496 0.21481 75 8 2 0 2 0.28099 0.28099 1
9 0 0 4 0.20619 0.20609 22 9 2 1 1 0.27487 0.27478 4
10 2 0 2 0.19583 0.19579 31 10 3 0 0 0.25723 0.25720 32
11 1 0 4 0.18713 0.18701 16 11 1 1 3 0.23297 0.23300 63
12 2 0 3 0.17289 0.17292 7 12 2 2 0 0.22275 0.22274 7
13 2 1 0 0.16812 0.16819 5 13 3 0 2 021784 0.21789 100
14 3 0 0 0.14829 0.14833 4 14 2 2 1 0.21502 0.21496 86
15 2 1 3 0.14338 0.14345 18 15 0 0 4 0.20501 0.20503 22
16 3 0 2 0.13953 0.13957 21 16 2 1 3 0.19942 0.19945 2
17 0 0 6 0.13736 0.13740 3 17 2 2 2 0.19576 0.19573 24
18 2 0 5 0.13250 0.13247 21 18 1 1 4 0.18628 0.18625 16
19 1 0 6 0.13132 0.13128 4 19 2 0 4 0.18095 0.18105 1
20 2 1 4 0.13038 0.13031 11 20 3 2 0 0.17691 0.17702 1
21 2 2 0 0.12853 0.12846 20 21 4 0 2 0.17448 0.17455 1
22 2 0 6 0.11693 0.11690 13 22 2 2 3 0.17267 0.17268 5
23 3 1 3 0.11258 0.11258 10 23 4 1 0 0.16841 0.16838 6
24 3 0 5 0.11026 0.11027 8 24 2 1 4 0.16771 0.16773 2
25 2 2 4 0.10901 0.10902 11 25 3 3 0 0.14852 0.14850 4
26 4 0 2 0.10741 0.10740 2 26 3 3 1 0.14614 0.14612 1
27 3 1 4 0.10590 0.10588 4 27 5 0 2 0.14437 0.14443 1
28 2 0 7 0.10405 0.10409 4 28 4 1 3 0.14342 0.14337 13
29 0 0 8 0.10307 0.10305 3 29 3 3 2 0.13964 0.13962 17
30 1 0 8 0.10036 0.10039 4 30 4 2 2 0.13745 0.13739 1
31 0 0 6 0.13669 0.13668 3
32 1 0 6 0.13459 0.13459 1
. . . . . 33 3 2 4 0.13412 0.13399 1
this contra}dlctlon, addltlonal.DTA were carried out accor.dl.n-g to 34 5 5 < 013211 0.13208 19
the following procedure (see inset in Fig. 2). The samples, initially 35 1 1 6 0.13064 0.13067 5
annealed at 930°C and containing essentially single T,-phase, were 36 3 1 5 0.13016 0.13018 10
heated up to either 1050 or 1100 °C, kept for one hour at the set tem- 37 4 2 3 0.12864 0.12866 16
perature, cooled to 700 °C and then heated at 20 K/min to 1250°C. gg 2 g g 83333 g'gggg 1
In the case of the 1-h annealing at. 1050°C. thg above-mentioned 20 6 1 0 011761 011767 1
effect at 1126 °C was observed, but it was missing after the anneal- 41 2 2 6 0.11652 0.11650 8
ing at 1100°C (Fig. 2b). This indicated the decomposition of the 42 1 1 7 0.11325 0.11331 1
T,-phase between 1050 and 1100°C and a strong superheating of ZZ 2 i g gﬂiﬁé 8}}?23 ?
the Tz—phaSE in the DTA experlments.. N . 45 4 4 1 011038 011036 s
At 1100°C the T;-phase exists in the compositional region 46 4 5 5 0.10897 0.10898 7
between AlggTiy7Pdi3 and Al;gTip3Pd7, and at 930°C between 47 4 3 4 0.10785 0.10787 1
A161Ti25pd14 and AlegTi24Pd7. The homogeneity regions of the 48 4 4 2 0.10752 0.10748 2
T3-phase are between Al Tis33Pdys and AlygTisyPdig at 1100°C, 49 6 2 1 0.10603 0.10610 2
between Alsg5Tiz35Pdys and AlggTizzPdqg at 930°C. The T,-phase 20 > 2 2 0.10584 010583 >
TVRR 405713350526 MAlag 1133TH19 - 1Ne T3-p 51 2 2 7 0.10370 0.10369 2
exists in a narrow concentration region between Als3Tip3Pdy4 and 52 4 4 3 0.10313 0.10314 1
Als4Tiy 1 Pdys. 53 0 0 8 0.10245 0.10251 1
54 7 1 1 0.10142 0.10142 1
. 55 3 3 6 0.10055 0.10057 1
3.3. Isothermal sections 56 1 1 8 0.09990 0.09990 2
57 7 1 2 0.09919 0.09917 1
At 1100°C the isothermal section was studied in the composi- 58 6 3 0 0.09721 0.09721 1
tional range below 50 at.% Pd (Fig. 3, Table 6). The section between gg ‘71 } ; g'ggg% g'ggg% ;
the cgngruent AIPd and TiPd n.alturally separa.tes this range from 61 3 0 3 0.09523 0.09523 1
the high-Pd part of the phase diagram. These isostructural phases 62 6 2 4 0.09478 0.09486 1
form a continuous range of the (3 solid solutions. Accepting the con- 63 6 3 2 0.09459 0.09459 5
tinuity of the ordered and disordered bcc ranges in PdTi, their total 64 6 0 6 0.09367 0.09366 2
range can be drawn propagating up to the limits of this phase in 65 4 4 > 0.09214 0.09214 2
8¢ propagating up } p 66 7 2 2 0.09188 0.09187 1
Al-Ti. The boundary between the ordered and disordered [3 sur- 67 5 2 6 0.09165 0.09166 1
rounding the Ti corner was not detected. Indeed, in all relevant 68 1 1 9 0.08929 0.08927 1
studied samples the B2 structure was revealed, but none of the 69 7 2 3 0.08911 0.08912 1
samples was studied close to the Ti-rich part of the binary Ti-Pd 70 4 ! 8 0.08758 0.08756 2
71 2 1 9 0.08699 0.08698 1
system. 72 4 4 6 0.08636 0.08634 2

The solubility of Pd in Al-Ti intermetallics is quite low. The prop-
agation of o (up to 6 at.% Pd) was only measured in a single sample.
The solubility of Pd in a; was up to 2 at.%. In the compositional
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Table 6
Composition of phases observed in alloys annealed at 1100°C.
No. Alloy composition (at.%) Annealing time (h) Phase Phase composition (at.%)
Al Ti Pd Al Ti Pd

1 17.4 63.2 19.4 88 B 17.4 63.0 19.6
2 26.8 69.2 4.0 236 o 27.2 70.6 2.2
o-Ti 25.1 68.8 6.1
3 23.1 424 34.5 68 B 23.8 42.7 335
4 28.6 50.9 20.5 95 B 27.8 52.8 194
5 30.0 389 31.1 88 B 30.1 38.8 31.1
6 29.5 40.8 29.7 114 B 304 40.5 29.2
7 30.2 433 26.5 88 B 30.1 433 26.6
8 324 52.6 15.0 88 B 324 52.6 15.0
9 33.8 51.4 14.8 114 B 36.2 48.9 14.9
10 35.0 53.8 11.2 93 B 36.6 51.6 11.8
11 353 28.8 35.9 114 B 35.2 28.9 359
12 36.8 44.2 19.0 88 T3 422 344 234
B 36.4 44.8 18.8
13 37.2 49.3 135 114 B 373 49.2 135
14 37.8 47.3 14.9 93 B 37.9 472 14.9
15 39.1 55.1 5.8 119 o 388 58.5 2.7
38.7 55.2 6.1
16 40.6 292 30.2 96 T3 425 32.6 249
384 24.4 372
17 41.2 36.5 223 88 T3 42.8 33.7 235
B 36.9 45.3 17.8
18 43.8 50.8 5.4 88 Y 47.2 49.1 3.7
B 40.1 51.9 8.0
19 441 40.5 15.4 119 T3 45.5 340 20.5
B 40.1 48.6 113
Y 47.6 483 4.1
20 45.1 32.2 22.7 88 T3 45.0 323 22.7
21 44.0 24.2 31.8 114 T3 44.2 32.7 231
B 46.6 5.1 483
22 46.2 35.7 18.1 68 Y 48.1 47.8 4.1
T3 45.9 335 20.6
23 479 40.2 11.9 95 Y 50.5 46.5 3.0
T3 46.9 33.8 19.3
24 49.5 45.1 5.4 68 Y 50.1 46.4 3.5
T3 474 335 19.1
25 50.0 30.7 193 88 T 61.6 249 135
T3 48.7 31.7 19.6
B 49.4 2.7 479
26 52.6 233 24.1 88 T 61.7 25.1 13.2
T3 48.9 31.8 19.3
B 49.4 2.7 479
27 53.2 40.9 5.9 68 Y 54.5 42.1 34
T3 49.0 327 183
T2 58.0 299 121
28 53.5 18.1 284 88 Ti 61.2 25.1 13.7
T3 48.6 31.8 19.6
B 49.9 1.7 484
29 58.3 36.6 5.1 68 Y 56.7 40.8 2.5
T 61.9 28.5 9.6
30 57.6 36.7 5.7 95 v 55.7 414 29
T 60.6 28.7 10.7
31 62.2 253 125 95 T 62.0 25.5 12,5
32 60.3 34.1 5.6 164 v 58.6 39.2 2.2
T 63.3 27.8 8.9
33 62.7 32.0 5.3 164 Y 60.8 371 2.1
Ti 63.8 28.1 8.1
34 63.0 30.7 6.3 95 mn 64.9 32.2 29
T 64.8 27.9 7.3
35 62.4 19.1 18.5 209 T 65.6 24.6 9.8
B 53.6 0.6 45.8
36 66.2 27.8 6.0 202 T 66.2 26.7 7.1
mn 66.6 30.0 34
37 69.1 25.6 53 164 14 713 27.6 1.1
T 68.2 25.7 6.1
38 69.4 239 6.7 88 € 75.2 244 0.4
T 69.7 23.6 6.7
L 71.2 0.8 28.0
39 73.8 18.8 7.4 88 € 75.1 24.4 0.5
T 70.0 234 6.6
71.2 0.5 283

2 Small amount of the phase.
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Al

O- single-phase
@— two-phase
@— three-phase

Ti 20 L0 pd 40

TiAl(y)

at.% Pd 10

Fig. 3. Partial 1100 °C isothermal section. In the inset: enlarged part of the diagram adjacent to the regions of -y and m. The liquid is designated L. The compositions of the

studied samples are shown by spots. Provisional tie-lines are shown by broken lines.

range adjacent to those of the Al-Tiy and m phases our experiments
only revealed two-phase equilibria between one of the binaries and
ternary 71 (see Fig. 3). The «y and m phases have similar structures
and the expected powder XRD patterns of m should contain weak
reflections in addition to those of the y-phase (see Ref. [14]). The
corresponding powder XRD patterns only exhibited a basic struc-
ture typical of the y-phase, while additional reflections could be
at the level of the instrumental noise. On the other hand, exami-
nations of these alloys at 930°C (see below) revealed quite similar
ternary extensions of vy and 7 and a three-phase equilibrium of
these phases with 71. Based on these observations we assume a
similar 71 ++y +m equilibrium at 1100°C.

The 71- and T3-phases exhibited visible compositional regions.
The T,-phase does not exist in the 1100 °C section. The three-phase
equilibria ¢ +73+3, B +y+T3, T{ +T3 +7v and 11 +€ +L were estab-
lished directly. The B+a+oy, B+az+y, T1+{+m, 71 +{+€ and
71 + 3 +Lequilibria were concluded on the basis of the investigation
of two-phase and neighboring three-phase samples.

In order to be not very close to the temperature of the 3 +L <> 9
reaction (952°C) we investigated the ternary phase diagram at
930°C and not at 950°C as in Ref. [1]. At 930°C the studied
compositional region was smaller (Fig. 4, Table 7). The Al-Pd 3-
phase is stable at this temperature. In Al-Ti the same phases
as at 1100°C are stable, apart from the {-phase, which decom-
poses into m and € already at 976 °C. All three ternary phases are
formed. The T1-phase was found in a three-phase equilibrium with
two binaries, identified with y and m according to their compo-
sitions. The Pd concentration in v} was 4 at.%, which is in favor of
a stronger propagation of this phase also at higher temperatures,
i.e. the existence of a similar three-phase equilibrium at 1100°C
as was suggested above. The three-phase equilibria 71 +7, +f3,
Ty+T3+B, Ty +T2+T3and By +T3, Ty HT3HY, Ty Y+, BHO+T,
€+3+L were established directly, while T +n+€ and 7 +3+€
were concluded on the basis of the investigation of two-phase sam-
ples.

As compared to the results in Ref. [1], our study at very sim-
ilar temperature (930°C vs. 950°C) revealed somewhat different
concentration regions of ternary phases and ternary extensions
of binaries (see Fig. 5). Apart from this, the a5 +T3 equilibrium
reported in Ref. [1] is not possible together with the (3 ++y equi-
librium observed in our experiments (see Fig. 5). The latter was
confirmed by investigation of a series of relevant samples (see

O- single-phase
@- two-phase
@- three-phase

20 80

TiAl(e)f

Ti, Al o)

at.% Pd

Fig.4. Partial 930°Cisothermal section. The liquid is designated L. The compositions
of the studied samples are shown by spots. Provisional tie-lines are shown by broken
lines.
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Table 7
Composition of phases observed in alloys annealed at 930°C.
No. Alloy composition (at.%) Annealing time (h) Phase Phase composition (at.%)
Al Ti Pd Al Ti Pd
1 283 51.1 20.6 985 B 289 51.3 19.8
2 30.7 38.1 31.2 1267 B 29.9 375 32.6
3 322 51.9 15.9 1267 B 325 51.9 15.6
4 36.3 45.1 18.6 985 T3 40.9 34.9 24.2
B 34.1 50.4 15.5
5 39.2 30.0 30.8 1267 T3 40.5 335 26.0
B 355 211 434
6 41.8 50.8 7.4 400 B 38.6 51.1 10.3
Y 473 47.8 4.9
7 424 47.0 10.6 400 B 385 50.8 10.7
v 46.7 47.6 5.7
T3 44.9 32.7 22.4
8 43.7 50.7 5.6 1267 Y 45.8 49.6 4.6
B 371 52.5 10.4
T3 432 349 21.9
9 43.2 25.8 31.0 985 T3 424 329 24.7
B 46.6 2.6 50.8
10 433 37.7 19 400 B 384 50.9 10.7
Y 473 46.8 5.9
T3 44.4 32.0 23.6
11 43.8 423 139 400 B 38.9 49.9 11.2
Y 47.6 471 53
T3 44.6 329 22.5
12 44.0 30.8 25.2 400 T3 44.5 304 25.1
B 47.0 7.3 45.7
13 44.0 334 226 1267 T3 435 34.1 224
Y 46.8 48.0 5.2
14 46.9 46.6 6.5 400 B 38.8 50.3 10.9
Y 46.6 479 5.5
T3 44.6 34.0 214
15 48.1 40.8 111 985 v 48.9 48.1 3.0
T3 46.4 33.0 20.6
16 47.8 46.3 5.9 985 Y 48.7 479 34
T3 458 33.1 21.1
17 47.0 23.1 299 1267 T3 47.0 31.0 220
B 48.5 0.9 50.6
18 50.8 228 26.4 985 T3 48.0 323 19.7
T 529 224 24.7
B 49.5 22 483
19 53.4 17.5 29.1 985 T 61.6 234 15.0
T2 54.2 20.8 25.0
B 493 22 48.5
20 55.0 25.5 19.5 985 T 61.5 253 13.2
T3 48.5 32.0 19.5
T 52.7 22.8 245
21 58.4 35.9 5.7 68 Y 55.9 422 1.9
T 63.1 26.0 10.9
22 60.0 26.5 135 985 T 61.4 26.1 125
T3 49.9 31.9 18.2
v* 58.5 33.8 7.7
23 60.4 11.6 28.0 358 T 66.8 21.6 11.6
B 53.4 0.7 45.9
) 55.7 35 40.7
24 61.6 24.6 13.8 985 T 61.2 25.6 13.2
T 52.7 234 239
25 63.0 30.6 6.4 985 Y 56.4 419 1.7
mn 63.8 303 5.9
T 63.5 25.7 10.8
26 70.2 24.1 5.7 358 T 68.9 233 7.8
€ 75.6 24.0 0.4
27 723 15.0 12.7 358 e 75.5 24.2 03
) 59.4 0.5 40.1
L 71.9 0.8 274
28 74.6 222 3.2 358 e 75.3 24.2 0.5
L 71.6 0.4 28.0

3 Small amount of the phase.

Table 7). For example, a powder XRD pattern presented in Fig. 6 cor-
responding to a two-phase structure of Alyy gTisogPd74 depicted
in Fig. 7 shows the coexistence of the (3 and y phases. The same
{3 +v equilibrium was also observed at 1100 °C confirming that the

differences between our work and Ref. [1] are not due to a small
differences in annealing temperatures. Additionally, in our DTA
experiment with the above-mentioned Al gTisggPd7 4, a thermal
effect corresponding to a phase transition was revealed at ~780°C,
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Al

TiAl(e,)

at.% Pd 40

Fig. 5. The results of the present study as in Fig. 4 compared to those in Ref. [1]
obtained for 950 °C (thin lines, red in the online version).

i.e. much below our annealing temperatures, but no any other ther-
mal effects occurred in this material up to our upper annealing
temperature (1100 °C, see Fig. 8). Therefore the o, + T3 equilibrium
reported in Ref. [1] could in fact be at somewhat lower tempera-
tures.

1 p
-
. Y
E B
l p
i B Y B y
T T T T T T
20 40 60 80

2 Theta

Fig. 6. Powder XRD pattern (Cu K, radiation) of the Als; g TisosPd7 4 alloy annealed
at 930°C for 400 h.

- v "

A

Fig. 7. Backscattered electron image of the Al gTisggPd7.4 alloy annealed at 930°C
for 400 h. (Bright is the 3-phase of the Alsg¢Tis1.1Pd1o3 of composition, dark is the
v-phase of the Als; 4Tis77Pd4g of composition.)

Exo
—>

Heat flow, a.u.
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Fig. 8. DTA plot of the Aly; gTisogPd74 alloy annealed at 930°C for 400 h (heating
branch, 20 K/min).

4. Summary

Partial 930 and 1100°C isothermal sections of the Al-Ti-Pd
phase diagram were determined. The CsCl-type {3 solid solution
is formed between TiPd and AIPd and widely extends towards
Al-Ti. The second-order transition between the 31; and 3 phase
presumably exists quite close to the Ti corner. The Al-rich end of
the low-temperature o-Ti region extends up to 6 at.% Pd. The Al-Ti
v-phase and m-phase extend up to 5at.% Pd. Other binary Al-Ti
and Pd-Ti intermetallics dissolve below 3 at.% of the third element.
Three ternary compounds: 71 (of AuCus-type), T (of ThgMny341-
type) and T3 (of MgZn,-type) reported earlier in Refs. [1,2] were
confirmed. Additionally, the existence of the T3’ phase with the
Nb(Ir,Al),-type structure was confirmed in the compositional range
similar to that early determined in Ref. [3]. Only the 7; and 73-
phases were found to be stable at 1100°C, while the T,-phase is
formed in the solid state between 1050 and 1100°C. The exis-
tence of the 7y +73+[3 equilibrium at 1100°C and the T{+T, +[3,
Ty +T3+3, T1 +T2 +73 equilibria at 930°C indicates a peritectoid
character of the T,-phase formation.
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