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The homogeneity ranges of the 1,-ordered compounds NjGa and Ni;Ge and the boundaries of the
neighboring phases have been examined by electron probe microanalysis using heterophase alloys in
the temperature ranges 1073 to 1373 K (Ni-Ga) and 1073 to 1346 K (Ni-Ge). The composition ranges
of the L1,-ordered phases have been found to be narrower than those reported in the literature, on
the Ga-rich side for Ni;Ga and on the Ge-deficient side for NGe.

1. Introduction B + € between 779 and 1318 K and in fhe Ni,Ge region be-
low 779 K, according to the phase diagram of the Ni-Ge sys-
tem [91Nas]. Alloy 2d was prepared to have bulk composition
of 25.0 at.% Ge, but turned out to contain precipitates df the
phase in the matrix of tHephase in some parts. TRenatrix

The existence of thel,-ordered NjGa @') phase in the
Ni-Ga system was first reported by [54Pea]. [57Pea] deter-
mined the phase boundaries aroundithghase by measuring !
the variation of the lattice parameter with Ga concentration. " Sl.Jtph partsr:nust have more than 23'?% Ge as thtehlocal c_(ln_tr)n-
[79Fes] reexamined the phase boundary compositions by elec20S!!ON; SUCh Specimens were used 1o examine the equilib-

tron probe microanalysis (EPMA). These data are used in thd'UM between th@ andd phases at high temperatures, while
latest phase diagram of the Ni-Ga system [91Lee]. he exact composition is not known. The volume fraction of the

In the Ni-Ge system, the range of existence olthgor- precipitates of thd phase was about 10%. Alloys 1a and 1b were
dered NjGe () phase \;vas first investigated by [40Rut] and unidirectionally solidified using an alumina crucible of 10 mmin
reexamined by [80Day] by EPMA. According to the latter, the diameter by the Bridgman method under a vacuum better than 3
composition range of tgphase is from 22.5 to 25.0 at %’Ge 103 Pa and were subjected to homogenization annealing at 1378

. .0 at. 3 4
over the temperature range 973 to 1273 K. These results are irf$ f 24 h under a vacuum 0%10~Pa. Allalloys were cutinto
cluded in the assessed phase diagram of the Ni-Ge systefiiaies 2 mm thick. Each specimen thus prepared was wrapped
[91Nas]. Recently, [95Kom] also reported the equilibrium with a Ta foil, sealed in a quartz capsule under a vacuum better

compositions betweanand phases using a diffusion couple

composed of pure Ni and J@e. Table 1 Compositions of alloys of NX (X = Ga or Ge)
_In a series of interdiffusion experiments on,G& and Composition
Ni;Ge by the present authors [98Ike, 98Non], precipitates of ooy (cy), at.%

second phase were found after long-time annealing in some of-
the alloys that were supposed to bé-bf single phase. The = Ni-Ga

authors have thus reexamined the phase boundarieg@iNi  1a 218
and NiGe, as well as those of the neighboring intermetallic  1p 315
phases. Ni-Ge
2a 18.0
2. Experimental Procedure 2b 30.0
2c 23.2
Alloys of Ni-Ga and Ni-Ge were prepared by melting ap- 2d 25.0(a)

propriate amounts of Ni of 99.97% purity, Ga of 99.9999% pu-
rity, and Ge of 99.9999% purity using an argon arc furnace. (@ See text.
The compositions of the alloys are listed in Table 1. According

to the phase diagram of the Ni-Ga system [91Lee], alloy lai
in the heterophase region in equilibriumco{Ni solid solu-
tion) +a’ (Ni;Ga) phases, while alloy 1b is in tle +3 Specimen Temperature, K Time, h
(NiGa) region above 1222 K, in tiee + y (Ni,Ga,) region be-

STable 2 Annealing conditions for Ni-Ga alloys

tween 1014 and 1222 K, and in tiet & (Ni:Ga,) region be- izi E’;g ;g’:
low 1014 K. Ni-Ge alloys 2a and 2c are in th&Ni solid a2 1973 5o7
solution) +3 phase (NiGe) region, while 2b is in thé 152 1973 o7
(Ni;Ge,)) + £ (NizGe,) region between 1318 and 1372 K, in the 123 1183 615
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than 1x 103 Pa and annealed under the conditions shown incenceF, effects in a matrix.) For Ni-Ga alloys, the standard in-
Table 2 for Ni-Ga alloys and in Table 3 for Ni-Ge alloys. The tensities used for the conversion were obtained from a speci-
temperature was measured with a Pt/Pt-13% Rh thermocouplenen ofa’ single phase, Nj ;a5 ,, Whose composition was
and was held constant withii K. After annealing, the speci-
men was quenched by dropping the capsule into water. Table 3 Annealing conditions for Ni-Ge alloys

Metallographic examinations were made by optical micros-

copy after annealing. The surface was polished mechanically>Pemen Temperature, K Time, h
and etched using a solution of 20 g,80, + 100 cni HCI + 2a-1 1346 116
100 cn¥ H,0. 2b1 1351 31

The compositions of the constituent phases were deter- 2d 1341 90
mined by EPMA. The compositions of more than three points 2a-2 1303 138
in each phase were measured using Shimadzu EPMA C1 2b-2 1303 138
model 40 with a wavelength-dispersive detector, which is 2a-3 1203 1054
equipped with a LiF crystal at a takeout angle of 52.5°. The ac- 2b-3 1203 1054
celerating voltage was 20 kV, and the nominal probe size was 1 2a-4 1123 888
pm. The intensities of NKa and G&Ka or GeKa were meas- 2c 1123 335
ured from constituent phases and were converted to composi- 2b-4 1123 888
tions by the ZAF method [94Fle]. (ZAF is an x-ray program  2a-5 1073 1224
that corrects for atomic numbé&s,absorptionA, and fluores- 2b-5 1073 1224

(b)

Fig. 1 Optical micrographs of Ni-Ga alloys. (a) Specimen 1a-1 (21.8 at.% Ga) after annealing at 1373 K; brighit(pigta) phase,
dark partso phase. (b) Specimen 1b-4 (31.5 at.% Ga) after annealing at 1073 K; bright'painesse, dark partgphase

(b)

Fig.2 Optical micrographs of Ni-Ge alloys. (a) Specimen 2a-1 (18.0 at.% Ge) after annealing at 1346 K; brigl{f\Nig@&s) phase, dark
parts:a phase. (b) Specimen 2b-4 (30.0 at.% Ge) after annealing at 1123 K; brigh paese, dark partsphase
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Fig. 3 Partial phase diagram of the Ni-Ga system. Open circle, this study; closed square, [57Pea]; closed circle, [79FespDashed|lin
mined by this study. Solid lines: assessed by [91Lee]

Table 4 Phase-boundary compositions of the phase equillibrium betweer(Ni solid solution) anda’ (Ni;Ga) phases and
betweena’ andf (NiGa) ory (Ni;Ga,) phases in the Ni-Ga system

Temperature Composition €ca), at.%
(M, K Specimen ain(a+a’) ao'in(a+a’) Specimen o'in(a +Bory) Poryin(a’ +pory)
1373 la-1 20.3& 0.27 23.520.27 1b-1 27.740.28 34.8% 0.25 @)
1273 la-2 19.52 0.73 23.120.97 1b-2 28.1% 0.25 33.85:0.42 @3)
1183 la-3 18.32 0.45 23.36: 0.27 1b-3 29.19 0.28 35.12: 0.27 §)
1073 la-4 17.42 1.08 23.06: 0.25 1b-4 29.3& 0.27 35.0 0.26 ¢)

determined by inductively coupled plasma spectrometry with men 2a-4 after annealing was not sufficiently large. The com-

an estimated error af0.24 at.%. The standard intensities for position of thel phase was obtained from 2c.

Ni-Ge alloys were obtained from tRephase (NjGe) formed Figure 3 shows the Ni-rich part of the phase diagram of the

in specimen 2b-2; its composition was found to be 25.0 at.%Ni-Ga system. The solubility of Ga in Ni and the boundary

Ge by an analysis based on the standard intensities from theomposition of thex' phase on the Ga deficient side are in

NiGe phase, which is a line compound at 50 at.% Ge [91Nas].agreement with the previous reports. On the other hand, the
boundary composition of thee phase on the Ga-rich side ob-

3. Results and Discussion tained by the present work is off from the line assessed by
[91Lee] toward lower Ga concentrations by 1 or 2 at.%. The

Figures 1 and 2 show optical micrographs of the Ni-Ga andPoundary composition of thephase coexisting with tree
Ni-Ge alloys, respectively. The dimensions of the micro- Phase also deviates by 2 to 3 at.%. The assessment by
structure, 5 to 5Qum, are sufficiently large for EPMA with a  [91Lee] is mostly based on the EPMA of two-phase alloys
probe size Jum. The composition of each phase was deter- by [79Fes]. The discrepancies are probably due to much
mined by averaging 3 to 11 measurements. The results aréhorter annealing times (two orders of magnitude) em-
summarized in Table 4 for Ni-Ga alloys and in Table 5 for Ni- ployed by [79Fes]; their specimens might not be in com-
Ge alloys. The concentrations in the tables are the average vaplete equilibrium. The position of the' + /B boundary
ues of measured points. These results are shown as partigibtained in the present work also deviates from that based
phase diagrams in Fig. 3 and 4. The composition @ firmse ~ on the work by [79Fes].
in the Ni-Ge system coexisting with thephase at 1123 K was Figure 4 shows the Ni-rich part of the phase diagram of the
not obtained since the microstructure of fhghase in speci-  Ni-Ge system assessed by [91Nas], together with the phase-
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Fig.4 Partial phase diagram of the Ni-Ge system. Open circle, this study; closed circle, [80Day]; closed triangle, [95Konihd3adeéztimined
by this study. Solid lines: assessed by [91Nas]

Table 5 Phase-boundary compositions of the phase equillibrium betwear(Ni solid solution) andp (Ni;Ge) phases and
betweenf and & (NizGe,) or € (NiGe;) phases in the Ni-Ge system

Temperature Composition €ae), at.%
(M), K Specimen ain (o +pB) Bin (a +B) Specimen Bin(B+dore) dorein(B+dore)
1351 2b-1 2491+ 0.29 27.95: 0.40 ©)
1346 2a-1 15.13 0.15 2223 0.14
1341 2d 28.29+ 0.14 ©)
34.03+0.34 €)
1303 2a-2 14.68 0.17 22.3# 0.36 2b-2 Standard for the ZAF 34.27+ 0.61 €)
conversion
1203 2a-3 13.46: 0.25 22.6% 0.62 2b-3 25.1¢0.11 34.4G: 0.99 €)
1123 2a-4(a) 13.490.71 2b-4 25.20+ 0.16 34.36 0.39 €)
2c 23.36+ 0.28
1073 2a-5 12.5% 0.95 23.65: 0.33 2b-5 25.1%0.14 34.36t 0.47 €)

(a) See text.
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