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®
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ABSTRACT A partial isothermal section of the Nt Tt Si system at 900 C was determined by means of dif-
fusion triple technique, optical microscopy and electron probe microanalysis ( EPMA) technique. Experimental
results showed that there existed three ternary compounds TiNiSi;( T,), TijyNigSizz( T3) and TiNiSi( £).

Ternary compounds Tis3Niz;Sijo{ X) and Ti,NizSi{ A), which were reported to occur at 750 C, were not

found at 900 ‘C. The solubilities of Ni in compounds TiSi,, TiSi and TisSiz are more than 10% ( mole frac-

tion) .
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1 INTRODUCTION

Among the following binary systems, Nr
Ti'" 2 and SFTi* ! are relatively simple and
certain, while NrSi*! is more complicated.

Little information for the ternary system
NrTrSiis available. Only the isothermal section
at 750 C was comprehensively investigated by
Markiv et al'', in which 6 ternary compounds,
TiNiSi2( L), Ti1aNisoSiz7( T3), TiNiSi( F ),
Ti(,Ni](,Si7( T) N lengSl( }\) and
Ti53Ni37Si10( X) were

involved. Later on,

Williams et al'® determined the isothermal sec
tion of the Nrrich corner at 1000 C, which in
cluded a ternary compound TigNijeSiz( 7).
Takasugi et al'”' and Ochiai et al'® also dealt
with the phase equilibria of the Nrrich corner.
The purpose of the present work is to determine
the isothermal section at 900 C by means of dif-

fusion triple technique *!.

2 EXPERIMENTAL

6 mm X 6 mm X 12 mm bars of nickel
(99.9%, mass fraction) and titanium (99. 7%,
mass fraction), and 6 mm X 12 mm X 12 mm
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plates of silicon (99.99% , mass fraction) were
used. Binary NrTi diffusion couples were first
prepared by diffusion welding at 900 C for 48 h.
One of the NrTi couples and a Si block were
ground, polished and cleaned, and then swathed
together with tungsten wires to make a diffusion
triple. Three wellprepared diffusion triples were
sealed in a quartz capsule filled with high-purity
argon, and annealed in a GK- 2B type diffusion
furnace at 900 C for 348h (the temperature was
controlled within £1 ‘C). Then the capsule was
taken out from the furnace and cooled down at
room temperature to prevent the triples from
cracking. Finally the samples were ground and
polished parallel to the diffusion direction for
electron probe microanalysis (EPMA).

3 RESULTS AND DISCUSSION

Fig. 1 shows the electron micrographs of a
SENrTi triple annealed at 900 C for 348 h.

Table 1 lists the experimental data determined

by EPMA.
In terms of the experimental data given in
Table 1 and the data from literature' >~ * 7], the

isothermal section of the SrNrTi system at

900 C is constructed as Fig. 2.
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Table 1 Tie lines and tie triangles ( composition in mole fraction,
% ) determined by EPMA on Si Ni- Ti triples
TiNiSi( Ty) TiNiSi{ F) Ti14NiggSiz7( Ts) TiNiSi( E)

Si Ni Si Ni Si Ni Si Ni
43.22 27.24 36.23 30. 64 35.81 47. 28 32.59 37.63
43.93 29.72 35.10 33. 14 34.74 47.90 31.07 37. 68
4] 85 31 55 33 75 35 12 33 50 49 84 29 57 37 93

TiNiSir( To) TiSi TiNiSi)( T) Ti1aNigSisr( T3)

Si Ni Si Ni Si Ni Si Ni
47. 54 23.25 49. 30 14. 03 47.12 33.33 41. 14 42. 98
45.28 24.72 48.21 12. 88 42.27 35. 57 38. 48 44. 84
44 15 26 05 47 13 14 12 4] 67 35 11 37 05 4610

TiNiSi( E) Ti5Si3 Ti;Ni (Ti)

Si Ni Si Ni Si Ni Si Ni
32.71 31.75 38.08 13.78 19. 59 1.61 10. 06 2.63
32.30 32.46 35.43 13.27 21.19 1.35 9.23 3. 65
31 52 32 78 32 R0 17 31 18 16 3 66 1014 4 04

TiNiSi( T) TiSi, Ni,Si Ti14NigSiz( Ty)

Si Ni Si Ni Si Ni Si Ni
55.01 20.19 62. 60 9.14 34.28 58.90 35.70 48. 58
49 30 23 31 39 68 1110 32 ]2 61 96 35 08 49 65

Ti551; Ti3Si T i5S1 T i5S1;

Si Ni Si Ni Si Ni Si Ni
35.64 0.52 25.43 0.48 44. 09 0.05 38. 15 0.29
35 72 0 97 23 52 2 06 44 13 0 03 37 86 0 24

TiH,N1 TiNi1 TiH,N1 (T

Si Ni Si Ni Si Ni Si Ni
0.45 33.26 0. 86 48. 04 0.33 31.93 1.03 9.67

] 33 32 87 0 97 48 34 ] 04 31 55 | 47 8. 52
TiN1 TiN1; TiSi T iSi,

Si Ni Si Ni Si Ni Si Ni
0.95 52.6 1.32 72.29 50. 68 0.16 65. 84 0.13
] 11 51.92 2 06 71 78

TiNis (Ni) Ti5Si; Ti,Ni

Si Ni Si Ni Si Ni Si Ni

0 53 75 66 2 12 R7 37 3191 R 66 4 16 28 61
Ni3Siy Ti14NiggSiz7z( Ts) T i5S1 TiSi

Si Ni Si Ni Si Ni Si Ni

3702 37 86 37 04 48 19 44 87 0 03 49 02 002
(Ni) Ni;Si TiNi Ti,Ni TisSi;
Si Ni Si Ni Si Ni Si Ni Si Ni
7.09 84.53 10. 64 77.75 | 1.55 47.82  3.16 31.09 30.14 15.52
TiNi TiN13 TiNiSi( E) TiNiSi( T) TiNiSi( £) TiSi
Si Ni Si Ni Si Ni Si Ni Si Ni Si Ni
2.23  51.25  4.65 68.91 26.04 39.58 [[43.87 25.70 36.50 29.82 46.04 13.38
TiNiSi,( T,) Ti14NisSizs( Ty) TiNiSi( E) TiNi; ( Ni) Ni3Si
Si Ni Si Ni Si Ni Si Ni Si Ni Si Ni
41.10 32.53 35.92 46.63 33.30 36.86 1.75 74. 62 6.52 82.75 9.80 77.35

Notes: (1) (Ni) and (Ti) denote the solid solutions of Ni and Ti respectively.
(2) The formulae for the three ternary compounds T, T3 and E are quoted from Ref.[5].
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Fig. 1
Electron micrograph near three phase juncture of Ti,Ni, TiNi and TisSiz(b) ;
Electron micrograph near three phase juncture of TiNi, TiNi; and TiNiSi( ¢)

It is to be noted that the initial annealing
time for triples was 624 h. During the annealing
period, the reaction rate between Ni and Si was
so higher than that between T1i and Si that the
product volume in the SrNi side was too large to
develop even and continuous phases, and the se-
quence of phase distribution was broken when
the diffusion triples underwent such a long perr
od of annealing. The massive phases produced in
samples were dominated by TiNiSi ( T,),
Ti14Ni495i37( T3) and TiNiSi( E) . Hence, the
annealing time was modified to 348 h. The first
group of data were used as the supporting data
for the second group.

Markiv et al'®' reported six stable ternary
compounds, 1. e. TiNiS ( Tr), Tija Nigo Sizy
(T), TiNiSi( E), TigNueSiz( T), TiNizSi
( N and TiszNiz7Sijo( X) (the annealing condr
tion of alloys was 750 C, 1000h). The present
experimental information indicated that no new
ternary compounds occurred, and two of the
ternary compounds T is3Niz7S110( X) and
Ti,NizSi( A didn't form at 900 C (referring to
Figs. 1(b) and (¢)). Three of the ternary com-
pounds, TiNiSt, Tij4NisgSiz7 and TiNiSi were
found, and their phase scales were large enough
for their determination. U nlike the experimental

Electron micrograph in St Ti side( a) ;

results by Markiv et al, TiuNi, TiNi and TisSi3
were in a three phase equilibrium; so were Tr
Ni, TiNiz and TiNiSi. The discrepancies be
tween the experimental results of Markiv et al
and ours could result from the temperature dif-
ference.

Williams et al'® confirmed the existence of
TigNijeSiz at 1000 C. Perhaps, under the con-
dition of 900 C, it was produced, but had no
distinct phase boundaries with the surrounding
phases, hence was not recognized.

The experimental results presented in Fig. 2
show that the phase areas of the ternary com-
TIN 1512( Tz) N Ti14N i495i37( T3) and
TiNiSi( £) are substantially larger than those
proposed by Ref. [ 5], and the solubilities of Ni
in compounds TiSip, TiSi and TisSiz are more
than 10% ( mole fraction) respectively. The
phase zone of T1;4Nig9Si37( T3) obviously extends

pounds

parallel to the boundary binary system NrSi. It
can be assumed that T1 and Ni reciprocally sub-
stitute each other in crystal lattice.

4 SUMMARY

A partial isothermal section of the NrTrSi
system at 900 'C was determined. Experimental
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Fig. 2 Isothermal section of Ni- Ti Si system at 900 C

results showed that ternary  compounds
Tis57Niz7Sijo( X) and TiNizSi( A) didn't form,
and whether or not they stably exist is to be con-
firmed. Three ternary compounds TiNiSix (T,
Ti14Nigo Si37(T3) and TiNiSi( E) were ascer
tained. The data on the ternary compound
TisNij6S17( T) was lacking, and yet to be deter-

mined.
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