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Introduction
The first detailed investigation of Ni-rich alloys containing more than 50 at.% Ni in the Al-Ni-Ti 
system  was  made  by  [52Tay].  99.99  mass%  pure  Al,  electrolytic  Ni  (99.96  mass%)  and  Ti 
sponge (99.95 mass%) were used as the initial materials. The alloys were synthesized in an 
arc furnace with special attention paid to the heat treatment which was conducted in vacuum. 
The alloys were homogenized at 1200°C for 4 d. They were annealed after homogenization at 
1150°C for 2 h, at 1000°C for 1 d, at 850°C for 10 d and at 750°C for three weeks. 
The existence of  extended solid  solutions  based on  pure  Ni  (γ phase),  Ni3Al  (γ'  phase)  and 
TiNi3 (η  phase) was found in the system. A brittle ternary phase TiNi2Al, τ4, was found in the 
alloys containing 50 at.% Ni; it has a structure of the MnCu2Al type. The existence of τ4 was 
confirmed by [62Hei]  (Table 1).  The γ'  phase has an ordered fcc structure of  AuCu3  type;  a 
noticeable amount  of  both transition metals  and silicon may be dissolved in  it  [59Gua].  The 
effect  of  elements  dissolved  on  the  γ'  lattice  paramenter  was  studied  by  [63Arb,  66Arb, 
84Och,  85Mis].  The  interaction  of  the  intermetallic  compounds  Ni3Al  and  TiNi3  was 
investigated by [66Vuc, 67Min]. The η  phase exists only at its stoichiometric composition and 
has no homogeneity  field;  it  has  a  hexagonal  structure  of  its  own type.  The vertical  section 
Ni3Al (γ') - TiNi3 (η) appears not to be pseudobinary. 
The  Ti-rich  portion  of  the  phase  diagram  (the  sum  of  Ni  and  Al  contents  is  lower  than  35 
mass%) was investigated by [62Wu]. Four isothermal sections were constructed at 900, 800, 
700 and 550°C. Two vertical sections were also constructed, one of which was at a Ni:Al ratio 
of  1:1  (in  at.%);  the  other  was  constructed  at  the  sum  of  Ni  and  Al  contents  equal  to  10 
mass%. The existence of Ti3Al (α2), however, was not taken into account during the analysis 
of this phase equilibria. 
[61Kam] investigated the Al-rich part of the system up to 1% Ti and 8% Ni. 40 alloys were arc 
melted or prepared by adding to master alloys containing 10% Ni and Ti, respectively. Starting 
materials  were  99.99%  pure  aluminium,  99.95%  pure  electrolytic  nickel  containing  0.3% 
cobalt and 99.8% pure titanium sponge. The liquidus surface of the Al corner was established 
from  the  results  of  differential  thermal  analysis,  X-ray  diffraction  and  microscopy.  Small 
discrepancies exist regarding the exact location of e8, which is given at 6 mass% Ni in [Mas2] 
but observed at 5.7 mass% Ni by [61Kam]. 
The partial Ni-NiTi-NiAl system was studied by [92Yan] who combined modelling according to 
the  CALPHAD  method  with  experimental  determinations  (electron  microscopy)  of  the 
three-phase equilibrium NiAl-τ4-Ni3Al at 900°C. An isothermal section at that temperature, the 
liquidus  surface  and  a  vertical  section  Ni3Al-Ni3Ti  were  calculated.  Calculations  of  the  γ-γ' 
equilibria are also due to [89Cer]. 
 Using  X-ray  diffraction  analysis  of  both  as-cast  alloys  and  alloys  annealed  at  800°C  for  a 
week,  three  more  ternary  phases  were  found  by  [65Ram]  besides  τ4;  these  are  TiNiAl  (τ3), 
TiNiAl2  (τ2)  and  Ti2Ni1-Al5+  (τ1).  The  data  after  [65Ram]  on  the  formation  of  these  ternary 
phases were later confirmed by [73Mar]. The structure and properties of directional solidified 
eutectic  Ni3Al(γ')  +  TiNi2Al(τ4)  +  TiNi3(η)  were  investigated  by  [69Tho].  The  ternary  eutectic 
point γ' + τ4 + η  was found to lie at 21.4 at.% Ti, 11.2 at.% Al and 67.4 at.% Ni; the eutectic 
temperature is 1304°C. 
[83Sri] studied the quaternary system Ti-Ni-Al-C and determined lattice parameters of binary 
and ternary phases, among them τ4(TiNi2Al). A schematic isothermal space at 1100°C which 
contains the section Al-Ni-Ti  is  given.  Samples were prepared by sintering powder  mixtures 
















































