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Abstract

The phase relations in the Nd—AI-Ti ternary system at&D@ere investigated by powder X-ray diffraction (XRD), differential thermal
analysis (DTA), optical microscopy, and scanning electron microscopy (SEM) techniques. The existence of two ternary compaouxigs NdTi
and NgTisAl43 were confirmed. The isothermal section of this ternary system consists of 15 single-phase regions, 29 two-phase regions,
and 15 three-phase regions. At 5@) the maximum solid solubilities of Ti in Né\I, Nd,Al, and NdAl is about 2.4, 3.5, and 16.1 at.%,
respectively, and that of Nd in Ti, JAl, TiAl is less than 1 at.%.
© 2004 Published by Elsevier B.V.
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1. Introduction No Nd-Ti—Al ternary phase diagram has been reported
in the literature yet. However, two ternary compounds
Due to their good high-temperature properties and low NdTi2Al2o and NgTisAl43 have been identified by Nie-
density, the ordered intermetallic titanium aluminides, es- mann and JeitschKd2]. The compound NdBiAl »g crystal-
pecially those based on Al (x = 3 or 1), are currently lizes with the cubic CeGAlyg type structure (space group
under active development as attractive candidates for appli-Fd3m) and the compound NdisAlasz crystallizes with
cations in advanced aerospace engine and air-frame compothe hexagonal HgMosAl43 type structure (space group
nents[1-3]. However, their application is hindered by low P6s/mcm).
ductility and toughness at ambient temperature. Studies have
revealed that certain alloying additions such as Cr, V, Nb,
Ta, and rare earth elements to the binary Ti—Al system can
improve ductility, oxidation resistance, and high tempera- i L
ture strength of titanium aluminidé4,5]. As a contribution One hundred and fifty samples, each weighing 2g, were

of our systematic study of the RE—AI-Ti systééa-9], this prepared starting from high purity metal blocks (purity
present paper concerns the 5@isothermal section of the 999 Mass%) of Nd, Al, and Ti. All samples were prepared
phase diagram of the Nd—AI-Ti ternary system. by arc melting them three times under high purity argon.
The binary Al=Ti, Nd—Ti, and Nd—Al systems are ac- Then they were sealed in evacuated quartz tubes for homog-
cepted from Refs[lb 11} Ai 500°C there are four inter-  €nization annealing. The heat treatment temperature was de-
metallic compounds’in the Al-Ti system, namelyAi termined by differential thermal analysis (DTA) results of
TiAl, TiAl », and TiAk, There are six intermetallic com- Some alloys or based on the previous work of binary systems.
pounds in the Nd-Al system, namely §d11, NdAls The Al-rich alloys and Ti-rich alloys were kept at 900

NdAl», NdAI, NdoAl, and NasAl. No intermetallic phase for 500 h, the other samples were homogenized at>@00
was found in the Nd—Ti binary system. for 500 h. Then the samples were cooled at a rate of 10 K/h

to 500°C and kept at 500C for 150 h. At last, the samples
were quenched into liquid nitrogen.
The samples for X-ray diffraction (XRD) analysis
* Corresponding author. were powdered and investigated by X-ray diffraction on
E-mail address: yuansl@hust.edu.cn (S. Yuan). a Rigaku D/Max 2500PC X-ray diffractometer (CaK
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monochromator), using JADES softwaf#3] to analyze Table 1

the angles, ranging fromp2= 20° to 60° at 40kV, 25 Ma. Three-phase regions of the Nd—AI-Ti ternary system at°&00
Some representative alloys were analyzed in an S-570 scanregion number Phase 1 Phase 2 Phase 3
ning electron microscope (SEM) or by differential thermal

: , , Ti Nd TisAl
analysis. From all these result, the phase relations in the 5 TizAl Nd NdsAl
Nd—Al-Ti system were determined. 3 TizAl Nd3Al NdAl

4 TizAl NdAl NdAI
5 TisAl NdAl, TiAl
. . 6 TiAl NdAI, TiAl
3. Results and discussion 7 TiAl NdAI TiAl5
8 TiAl3 NdAl, NdsAl
3.1. Phase analysis 9 TiAl3 NdAl Nd3Alqq
10 TiAl3 Nd3Al1q NdgTigAl 23
In the Nd—AITi ternary system, ten binary compounds, X NcbTiaAl43 NdTizAl 20 Nd3Al11
. . . . 12 TIA|3 NdGTI4A|43 NdTI2A|20
namely TgAl, TiAl, TiAl 2, TiAl 3, NdzAl11, NdAl3, NdAl;, 13 NAThAl 20 Al Nd3Al11
NdAI, Nd2Al, and N&Al, and two ternary compounds 14 NdThAl 2o TiAl 3 Al
NdTiz2Al2o and N TisAl43 have been reported. For all of 15 NcLAl NdAl NdAI

them, excepting NgiAl1; and N@AI crystallographic data

are available on JCPDS PDF cards. With the crystallographic

data of N&Al11 and N@Al taken from Ref[14], using the ~ 3.2. Solid solubility

LAZY program[15], we were able to obtain the calculated

XRD pattern of the compound NAl1; and NgAl. The The single-phase regions in the 5@isothermal section

results of XRD analysis of our alloy samples are in good were determined by X-ray diffraction. The results show that

agreement with the data on the respective JCPDS PDF card$he maximum solubility of Ti in NgAl, Nd2Al, and NdAL

or the calculated XRD patterns of i1, and N@AL. is about 2.4, 3.5, and 16.1 at.%, respectively, and that of Nd

Thus the existence of these 12 phases was confirmed. inTi, TisAl, TiAlis less than 1 at.%. The single phase ranges
Niemann and Jeitschid2] reported the existence of two  Of Ti, TizAl, and TiAl are from 0 to 10.5at.% Al, from 23

ternary compounds, namely Bli4Al 43 and NdTpAl 20. We to 34 at.% Al, and from 50 to 56.5 at.% Al, respectively.

prepared two alloy samples with composition of 11.3at.%

Nd, 7.6at.% Ti, 81.1at.% Al, and 4.3at.% Nd, 8.7 at.% Ti, 3.3. Isothermal section at 500°C

87 at.% Al, respectively. The X-ray diffraction patterns of

these samples are in agreement with the data on the respec- From the combination of XRD analysis, optical mi-

tive JCPDS PDF cards, which confirms that the compounds croscopy and SEM results of 145 alloy samples, we come

NdgTizAl 43 and NdThAl g are stable phases at 50D. No

other ternary compound was found in this system.
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Fig. 1. The isothermal section of the phase diagram of the Nd—-AI-Ti Fig. 2. X-ray diffraction (XRD) pattern of alloy the Ndii2Alg, situated
ternary system at 50@. A: NdgTizAl43; B: NdTizAl . in the three-phase region no. 12.
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to the conclusion that no new ternary compound exists in [2] H.A. Lipsitt, in: C.C. Koch, C.T. Liu, N.S. Stoloff (Eds.), High
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. - , . p. .
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TiAl 3 + NdTi2Al2g + NdgTigAl43 is (no. 12) of particular [4] T. Kawabata, T. Tamura, O. Izumi, Metall. Trans. 24A (1993)

interest. The XRD pattern of the alloy BTi12Alg2 which 141.
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- L : : Beijing 17 (1995) 424.
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