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Abstract: Phase equilibria of the Ni-Co-Sn ternary system at 700 °C and 1000 °C were experimentally determined by using electron 

probe microanalyzer and X-ray diffraction. No ternary compound was found at 700 °C and 1000 °C. There was an extensive region 

of mutual solubility existing between βCo

3

Sn

2

 phase and Ni

3

Sn

2

(h) phase. Three Ni-Sn binary compounds [Ni

3

Sn(l), Ni

3

Sn(h) and 

Ni

3

Sn

4

] showed absolutely different solubilities for the element Co. The maximum solubility of Co in Ni

3

Sn(l) and Ni

3

Sn

4

 phases at 

700 °C were 6.9 at% and 25.6 at%, respectively, and the solubility of Ni

3

Sn(h) phases changed into 15.5 at% at 1000 °C. The Ni-Co 

side presented an interconnected (αCo, Ni) phase region at both 700 and 1000 °C and its homogeneity range for Sn was from 1 at% 

to 10.5 at%. The solubility of Ni in the linear compound CoSn phase was about 15.9 at%. 
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Lead-free soldering plays an important role in the electronic 

packaging industry

[1-4]

. During the soldering process, interfa-

cial reactions will occur at the soldering joint among Ni, Co 

and Sn elements

[5]

. Additionally, the additions of Ni and Co 

elements can improve the overall performance of lead-free 

solders

[6-8]

. According to the results of Huang, Chen et al.

[9,10]

, 

the addition of a small amount of Co can significantly reduce 

the overcooling effect and effectively refine the microstructure 

of the solder. In order to study the lead-free solder and the in-

terfacial reactions on Ni and Co substrate, it is important to 

determine the Ni-Co-Sn ternary equilibria experimentally. 

The corresponding sub-binary systems of Ni-Co-Sn ternary 

system, have been well studied. The Co-Ni phase diagram is a 

very simple system without any intermetallic compounds 

which has been reported by S. U. Jen and R. Kainuma. An in-

finite mutual solubility of Co and Ni has been found

[11,12]

. 

Co-Sn phase diagram has been reported by M. Jiang which 

demonstrated four stable compounds CoSn

2

, CoSn, αCo

3

Sn

2

, 

βCo

3

Sn

2

[13]

. The Ni-Sn binary system has been widely studied 

as an important lead-free soldering material system

[14]

, and 

assessed by Ghosh

[15]

, Liu

[16]

 and Dong

[17]

 et al. Ni-Sn phase 

diagram has been reported by A. Zemanova

[18]

 which demon-

strated five stable compounds Ni

3

Sn(l), Ni

3

Sn(h), Ni

3

Sn

2

(l), 

Ni

3

Sn

2

(h), Ni

3

Sn

4

. The 250 °C isothermal section of the 

Ni-Co-Sn ternary system is proposed by Y. H. Chao

[3]

. In their 

research, it is worthy to pay attention to the fact that both in-

termetallic compounds: the βCo

3

Sn

2

 phase (in the Co-Sn sys-

tem), and the Ni

3

Sn

2

(h) phase (in the Ni-Sn system), have the 

same orthorhombic structure. There is an extensive region of 

mutual solubility existing between the two binary isomor-

phous phases, βCo

3

Sn

2

 and Ni

3

Sn

2

(h). 

The three binary phase diagrams of Co-Ni, Co-Sn and 

Ni-Sn constituting the Ni-Co-Sn ternary system are shown in 

Fig.1 and the information of stable solid phases and their 

crystal structures in three binary systems are summarized in 

Table 1. 

Although there are a large number of investigations about 

the above subsystems, the experimental equilibria of the 

Ni-Co-Sn ternary system is still scarce. Up to now, there is 

only one phase diagram of the Ni-Co-Sn ternary system at  

250 °C

[3]

. Despite the fact that soldering temperature is usually 

lower than 450 °C, it is necessary to obtain the phase equilib- 
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Fig.1  Binary phase diagrams constituting the Ni-Co-Sn ternary sys-

tem

[11,13,18] 

 

rium information at high temperature, and it will provide a 

theoretical basis for the thermodynamic calculation of the 

Ni-Co-Sn ternary system.  

1 Experiment 

Pure metals Nickel (99.9 wt%), Cobalt (99.9 wt%) and Tin 

(99.9 wt%) were used as raw materials and the bulk buttons 

were prepared by arc melting under high purity argon atmos-

phere. The mass of each sample was about 15 g. In order to 

achieve their homogeneity, the ingots were remelted at least 4 

times and the mass losses were less than 0.5 wt%.  

Table 1  Stable solid phases in the three binary systems

[11, 13, 18]

 

Phase 

Pearson 

symbol 

Prototype Space group 

Struktur- 

bericht 

(αCo,Ni) cF4 Cu Fm-3m A1 

(εCo) hP2 Mg P6

3

/mmc A3 

(αCo) cF4 Cu Fm-3m A1 

(εCo) hP2 Mg P6

3

/mmc A3 

(βSn) tI4 βSn P4

1

/amd A5 

(αSn) cF8 C(diamond) Fd-3m … 

βCo

3

Sn

2 

hP6 Ni

2

In P6

3

/mmc B8

1

 

αCo

3

Sn

2

 oP20 Ni

3

Sn

2 

Pnma B8

1

 

CoSn hP6 CoSn P6/mmm B35 

CoSn

2

 tI12 CuAl

2 

I4/mcm C16 

βCoSn

3 

tI64 βCoSn

3

 I4

1

/acd A2 

αCoSn

3

 oC32 PdSn

3 

Cmca … 

Co

3

Sn cI2 W Im-3m A2 

(Ni) cF4 Cu Fm-3m A1 

(βSn) tI4 βSn P4

1

/amd A5 

(αSn) cF8 C(diamond) Fd-3m … 

Ni

3

Sn(h) cF16 BiF

3

b

 Fm-3m D0

3

 

Ni

3

Sn(l) hP8 Mg

3

Cd P6

3

/mmc D0

19

 

Ni

3

Sn

2

(h) hP6 InNi

2

 P6

3

/mmc B8

1

 

Ni

3

Sn

2

(l) oP20 Ni

3

Sn

2 

Pnma B8

1

 

Ni

3

Sn

4

 mC14 CoGe C2/m … 

 

The ternary Ni-Co-Sn alloys were cut into small pieces and 

then put into quartz capsules and filled with argon gas. In ad-

dition, the samples containing liquid phase were wrapped in 

pure Nickel slice to prevent the contact reaction with quartz. 

Specimens were annealed at 700 °C for 720 h and 1000 °C for 

168 h. And the samples which are containing liquid phase 

were annealed 700 °C for 5 h and 1000 °C for 2 h. Specimens 

were quenched into ice water after heat treatment. 

After standard metallographic preparation, the backscatter 

electron (BSE) images and equilibrium composition of the 

equilibrium phases were obtained on electron-probe- micro-

analyzer (EPMA, JXA-8100, JEOL, Japan). High purity met-

als were used as standard metallographic and the measure-

ments were carried out at a voltage of 20 kV and a current of 

1.0 × 10

-8

 A. The crystal structure analysis was conducted us-

ing X-ray diffraction (XRD) on a Philips Panalytical X-pert 

diffractometer (Cu Kα radiation at 40 kV and 40 mA). The 

data were collected in the range of 2θ from 20° to 90° at a step 

size of 0.0167°. 

2  Results and Discussion 

2.1  An extensive region of mutual solubility 

According to Y. H. Chao’s study

[3]

, it is worthy to pay atten-

tion to the fact that both intermetallic compounds: the βCo

3

Sn

2

 

phase (in the Co-Sn system), and the Ni

3

Sn

2

(h) phase (in the 

Ni-Sn system), not only have the same orthorhombic structure, 

but also have very similar values in terms of lattice parameters. 
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Therefore, it is reasonable to speculate that there is an exten-

sive region of mutual solubility between βCo

3

Sn

2

 and 

Ni

3

Sn

2

(h). For the validation of the existence of a continuous 

solid solution between βCo

3

Sn

2

 and Ni

3

Sn

2

(h) phases in the 

isothermal section of the Ni-Co-Sn ternary system at 700 °C, 

three different alloys (Ni

16

Co

42

Sn

42

, Ni

29

Co

32

Sn

39

, 

Ni

44

Co

18

Sn

38

) in this single-phase region were prepared. Their 

BSE micrographs show the appearance of a single phase and 

their compositions determined using EPMA. Their XRD re-

sults are shown in Fig.2, where the characteristic peaks of the 

βCo

3

Sn

2

 and Ni

3

Sn

2

(h) phases are only confirmed and well 

marked by star symbols. Based on the analyses of EPMA and 

XRD, an extensive region of mutual solubility existing be-

tween βCo

3

Sn

2

 and Ni

3

Sn

2

(h) was confirmed and labeled as 

(Ni, Co)

3

Sn

2

. 

2.2  Phase equilibria at 700 °C 

Typical BSE images of the Ni-Co-Sn equilibrated alloys 

quenched from 700 

o

C are shown in Fig.3a~3f while their 

phase equilibrium compositions are listed in Table 2. All the 

mentioned chemical compositions in this work is given in the 

form of an atomic ratio (at%). Phase identification was based 

on the equilibrium composition as measured by EPMA and 

XRD results. Most of the identification of equilibrium phases 

could be confirmed by taking advantage of the available 

composition ranges and crystal structure information of the 

intermetallic compounds in the binary and ternary sys-

tems

[11,13,18]

. 

The Ni

11

Co

70

Sn

19

 alloy annealed at 700 °C for 720 h has 

formed a eutectic organization of (Ni, Co)

3

Sn

2

 and (αCo, Sn) 

phases, as illustrated in Fig.3a. This sample composition 

crosses the eutectic reaction line during the cooling process; 

therefore, a eutectic reaction occurred and a strip phase (αCo, 

Sn) was formed. The corresponding XRD pattern, as presented 

in Fig.4a, shows all the diffraction peaks of the (αCo, Sn) and 

(Ni, Co)

3

Sn

2

 phases. Fig.3b shows the two-phase microstructure 

(Ni

3

Sn

4

+Liquid phase) of the Ni

20

Co

20

Sn

60

 alloy annealed at 

700 °C for 5 h. The BSE image of Ni

62

Co

11

Sn

27

 alloy  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  XRD patterns of partial Ni-Co-Sn ternary alloys annealed at 

700 °C for 720 h obtained from Ni

16

Co

42

Sn

42 

(a), 

Ni

29

Co

32

Sn

39 

(b), and Ni

44

Co

18

Sn

38 

(c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  Typical ternary BSE images obtained from Ni-Co-Sn ternary alloys: (a) Ni

11

Co

70

Sn

19

 alloy annealed at 700 °C for 720 h, (b) Ni

20

Co

20

Sn

60

 

alloy annealed at 700 °C for 5 h, (c) Ni

62

Co

11

Sn

27

 alloy annealed at 700 °C for 720 h, (d) Ni

75

Co

11

Sn

14

 alloy annealed at 700 °C for 720 h, 

(e) Ni

10

Co

30

Sn

60

 alloy annealed at 700 °C for 5 h, and (f) Ni

20

Co

27

Sn

53

 alloy annealed at 700 °C for 5 h 
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Table 2  Equilibrium composition of the Ni-Co-Sn ternary system at 700 °С determined in the present work 

Phase equilibrium Composition/at% 

Phase 1 Phase 2 Phase 3 

Alloy/ 

at% 

Annealed 

time/h 

Phase 1/Phase 2/Phase 3 

Ni Co Ni Co Ni Co 

Ni

11

Co

70

Sn

19

 720 (αCo, Ni)/(Ni, Co)

3

Sn

2

 4.75 92.63 19.95 40.03 ... … 

Ni

10

Co

56

Sn

34

 720 (αCo, Ni)/(Ni, Co)

3

Sn

2

 1.44 96.25 12.02 47.33 … … 

Ni

16

Co

42

Sn

42

 720 (Ni, Co)

3

Sn

2

 16.01 42.24 … … … … 

Ni

29

Co

32

Sn

39

 720 (Ni, Co)

3

Sn

2

 29.35 30.68 … … … … 

Ni

44

Co

18

Sn

38

 720 (Ni, Co)

3

Sn

2

 46.37 14.62 … … … … 

Ni

65

Co

12

Sn

23

 720 (αCo, Ni)/Ni

3

Sn(l) 29.88 68.85 68.39 6.61 … … 

Ni

10

Co

30

Sn

60

 5 L/CoSn 0.24 1.16 11.77 39.05 … … 

Ni

20

Co

20

Sn

60

 5 L/Ni

3

Sn

4

 1.17 0.88 24.16 21.35 … … 

Ni

30

Co

10

Sn

60

 5 L/Ni

3

Sn

4

 1.4 0.76 27.16 18.82 … … 

Ni

62

Co

11

Sn

27

 720 (αCo, Ni)/(Ni, Co)

3

Sn

2

/Ni

3

Sn(l) 33.89 65.15 59.68 2.7 68.45 6.39 

Ni

50

Co

23

Sn

27

 720 (αCo, Ni)/(Ni, Co)

3

Sn

2

 32.29 66.55 58.19 3.84 … … 

Ni

30

Co

43

Sn

27

 720 (αCo, Ni)/(Ni, Co)

3

Sn

2

 7.78 91.16 40.9 20.03 … … 

Ni

75

Co

11

Sn

14

 720 (αCo, Ni)/Ni

3

Sn(l) 73.84 25.37 71.46 3.81 … … 

Ni

20

Co

32

Sn

48

 720 (Ni, Co)

3

Sn

2

/CoSn 22.19 35.83 14.06 36.57 … … 

Ni

27

Co

25

Sn

48

 720 (Ni, Co)

3

Sn

2

/Ni

3

Sn

4

 29.19 28.19 27.15 20.63 … … 

Ni

24

Co

31

Sn

45

 720 (Ni, Co)

3

Sn

2

/Ni

3

Sn

4

 25.09 33.42 25.29 23.27 … … 

Ni

20

Co

27

Sn

53

 5 L/CoSn/Ni

3

Sn

4

 0.97 1.07 15.80 34.58 22.81 23.90 

 

annealed at 700 °C for 720 h is shown in Fig.3c. According to 

the determined phase composition Ni

62

Co

11

Sn

27

 alloy showed 

a three-phases co-existence of [(αCo, Sn) + (Ni, Co)

3

Sn

2

 + 

Ni

3

Sn(l)]. The corresponding XRD pattern, as shown in Fig. 

4b, all the diffraction peaks of the (αCo, Sn), (Ni, Co)

3

Sn

2

 and 

Ni

3

Sn(l) phases was presented. A two-phase microstructure of 

[(αCo, Sn)+Ni

3

Sn(l)] was found in the Ni

73

Co

11

Sn

14

 alloy an-

nealed at 700 °C for 720 h, as indicated in Fig. 3d, where the 

(αCo, Sn) phase with the flat plate shape distributes in the ma-

trix of the Ni

3

Sn(l) phase. The corresponding XRD pattern, as 

presented in Fig.4c, showed all the diffraction peaks of the (αCo, 

Sn) and Ni

3

Sn(l) phases. The Ni

10

Co

30

Sn

60

 alloy annealed at 700 

°C for 5 h has formed a two-phase microstructure of CoSn 

phase and liquid phase, as illustrated in Fig.3e. Fig.3f shows a 

three-phase microstructure (CoSn+Ni

3

Sn

4

+ Liquid phase) of the 

Ni

20

Co

27

Sn

53

 alloy annealed at 700 °C for 5 h. 

Based on the above experimental data, the corresponding 

phase compositions of the annealed alloys is summarized in 

Table 2, while the 700 °C isothermal section of Ni-Co-Sn ter-

nary system is constructed and shown in Fig.5. In total, two 

three-phase regions of [(αCo, Sn) + (Ni, Co)

3

Sn

2

 + Ni

3

Sn(l)] 

and [Ni

3

Sn

4

 + CoSn + L], and one liquid region were experi-

mentally confirmed at 700 °С and they were marked with dif-

ferent symbols. An undetermined three-phase regions of 

[Ni

3

Sn

4

 + CoSn + (Ni, Co)

3

Sn

2

] was labeled in dashed lines. 

As can be seen in Fig.5, the solubility of Sn in the (Ni, 

Co)

3

Sn

2

 phase was about 39 at% to 42 at%. The solubility of 

Co in the Ni

3

Sn(l) and Ni

3

Sn

4

 phase was measured to be about 

6.9 at% and 25.6 at%, respectively. The solubility of Ni in the 

linear compound CoSn phase was about 15.9 at%. The Ni-Co 

side presents an interconnected (αCo, Sn) phase region. 

2.3  Phase equilibria at 1000 °C 

Fig.6 presents some typical BSE images of the Ni-Co-Sn 

alloys annealed at 1000 °C for 168 h or 2 h. As shown in Fig. 

6a, two different phases were found in the Ni

65

Co

12

Sn

23

 alloy 

annealed at 1000 °C for 168 h. 

Combined with the composition analysis, the light gray 

phase was identified as Ni

3

Sn(h), and the black phase was 

(αCo, Sn) phase. The corresponding XRD pattern, as pre-

sented in Fig.7a, shows all the diffraction peaks of the (αCo, 

Sn) and Ni

3

Sn(h) phases. Fig.6b shows a BSE image of the 

Ni

62

Co

11

Sn

27

 alloy annealed at 1000 °C for 168 h, where the 

two-phase equilibrium [Ni

3

Sn(h) + (Ni, Co)

3

Sn

2

] was identi-

fied. The corresponding XRD pattern is shown in Fig.7b, the 

characteristic diffraction peaks of the (Ni, Co)

3

Sn

2

 and 

Ni

3

Sn(h) phases are only confirmed. In the Ni

59

Co

13

Sn

28

 alloy 

annealed at 1000 °C for 168 h, a three-phase equilibrium 

[(αCo, Sn)(black) + Ni

3

Sn(h)(gray) + (Ni, Co)

3

Sn

2

(white)] 

was found as shown in Fig.6c. The corresponding XRD pat-

tern, as presented in Fig.7c, shows all the diffraction peaks of 

the (αCo, Sn), Ni

3

Sn(h) and (Ni, Co)

3

Sn

2

 phases. Moreover, as 

it can be seen in Fig.6d, there is a two-phase equilibrium [(Ni, 
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Fig.4  XRD patterns of partial Ni-Co-Sn ternary alloy obtained from  

Ni

11

Co

70

Sn

19 

(a), Ni

24

Co

11

Sn

27

 (b), Ni

75

Co

11

Sn

14

 alloys (c) 

annealed at 700 °C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  Experimentally determined isothermal section of the 

Ni-Co-Sn system at 700 °C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6  Typical ternary BSE images obtained from Ni-Co-Sn ternary 

alloys: (a) Ni

65

Co

12

Sn

23

 alloy annealed at 1000 °C for 168 h, 

(b) Ni

62

Co

11

Sn

27

 alloy annealed at 1000 °C for 168 h,     

(c) Ni

59

Co

13

Sn

28

 alloy annealed at 1000 °C for 168 h, and  

(d) Ni

10

Co

30

Sn

60

 alloy annealed at 1000 °C for 2 h 

 

Co)

3

Sn

2

 + L] occurring in the Ni

10

Co

30

Sn

60

 alloy annealed at 

1000 °C for 2 h. 

The corresponding phase composition of the annealed al-

loys is summarized in Table 3, and the 1000 °C isothermal 

section was established as presented in Fig.8. Only one 

three-phase regions of [(αCo, Sn) + Ni

3

Sn(h) + (Ni,Co)

3

Sn

2

] 

was found.  

Ni

3

Sn(l) 

(l) 

(l) 

L 
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Fig.7  XRD patterns of partial Ni-Co-Sn ternary alloy obtained from Ni

65

Co

12

Sn

23 

(a), Ni

62

Co

11

Sn

27 

(b), and Ni

59

Co

13

Sn

28  

alloys (c) annealed at 1000 °C 

 

Table 3  Equilibrium composition of the Ni-Co-Sn ternary system at 700 °С determined in the present work 

Phase equilibrium Composition/at% 

Phase 1 Phase 2 Phase 3 

Alloy/ 

at % 

Annealing 

time/h 

Phase 1/Phase 2/Phase 3 

Ni Co Ni Co Ni Co 

Ni

11

Co

70

Sn

19

 168 (αCo, Ni)/(Ni, Co)

3

Sn

2

 4.6 93.64 18.15 42.97 … … 

Ni

10

Co

56

Sn

34

 168 (αCo, Ni)/(Ni, Co)

3

Sn

2

 2.65 95.45 11.24 49.9 … … 

Ni

16

Co

42

Sn

42

 168 (Ni, Co)

3

Sn

2

 30.95 30.1 … … … … 

Ni

29

Co

32

Sn

39

 168 (Ni, Co)

3

Sn

2

 16.32 42.58 … … … … 

Ni

44

Co

18

Sn

38

 168 (Ni, Co)

3

Sn

2

 45.81 15.97 … … … … 

Ni

65

Co

12

Sn

23

 168 (αCo, Ni)/Ni

3

Sn(h) 63.79 30.63 68.2 7.8 … … 

Ni

10

Co

30

Sn

60

 2 L/(Ni, Co)

3

Sn

2

 12.36 7.77 22.79 35.12 … … 

Ni

20

Co

20

Sn

60

 2 L/(Ni, Co)

3

Sn

2

 13.88 6.81 26.15 31.82 … … 

Ni

62

Co

11

Sn

27

 168 Ni

3

Sn(h)/(Ni, Co)

3

Sn

2

 62.47 12.13 57.47 5.82 … … 

Ni

63

Co

13

Sn

24

 168 (αCo, Ni)/Ni

3

Sn(h) 51.2 45.03 63.44 11.6 … … 

Ni

50

Co

23

Sn

27

 168 (αCo, Ni)/(Ni, Co)

3

Sn

2

 38.91 56.28 53.42 8.89 … … 

Ni

30

Co

43

Sn

27

 168 (αCo, Ni)/(Ni, Co)

3

Sn

2

 13.71 83.25 36.99 24.06 … … 

Ni

75

Co

11

Sn

14

 168 (αCo, Ni)/Ni

3

Sn(h) 76.68 15.66 68.26 7.48 … … 

Ni

59

Co

13

Sn

28

 168 (αCo, Ni)/ (Ni, Co)

3

Sn

2

/Ni

3

Sn(h) 46.14 50.30 56.72 6.73 60.10 13.64 

Ni

61

Co

15

Sn

24

 168 (αCo, Ni)/Ni

3

Sn(h) 48.77 47.53 61.90 13.36 … … 

Ni

50

Co

5

Sn

45

 2 L/(Ni, Co)

3

Sn

2

 23.26 1.66 51.21 4.98 … … 

Ni

40

Co

15

Sn

45

 2 L/(Ni, Co)

3

Sn

2

 18.33 3.85 41.24 15.06 … … 

 

With the temperature increasing from 700 to 1000 °C, there are 

several differences as summarized in the following: (1) Ni

3

Sn

4

 

phase and CoSn phase disappeared at 1000 °C. (2) According to the 

Ni-Sn binary phase diagram, the crystal structure of the Ni

3

Sn 

phase changed from Ni

3

Sn(l) to Ni

3

Sn(h) at 1000 °C. The solubility 

of Co in the Ni

3

Sn(l) phase was measured to be about 6.9 at% at 

700 °C and in the Ni

3

Sn(h) was measured to be about 15.5 at%. (3) 

The liquid phase on the Sn-rich side has increased. 
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Fig.8  Experimentally determined isothermal section of the 

Ni-Co-Sn system at 1000 °C 

 

3 Conclusions 

1) The isothermal sections of the Ni-Co-Sn ternary system 

at 700 and 1000 °C have been experimentally investigated. No 

any ternary compound is found. 

2) There is an extensive region of mutual solubility existing 

between βCo

3

Sn

2

 phase and Ni

3

Sn

2

(h) phase, which is labeled 

as (Ni, Co)

3

Sn

2

. The (Ni, Co)

3

Sn

2

 phase is a stable phase with 

dissolving about 39 at% to 42 at% Sn. 

3) Three Ni-Sn binary compounds [Ni

3

Sn(l), Ni

3

Sn(h) and 

Ni

3

Sn

4

] show absolutely different solubilities of Co. The 

Ni

3

Sn(l) phase is stable at 700 °C dissolving 6.9 at% Co but it 

is replaced by the Ni

3

Sn(h) phase at 1000°C, and the solubility 

of Co changed to 15.5 at%. The maximum solubility of Co in 

Ni

3

Sn

4

 phase at 700 °C is 25.6 at%, and the Ni

3

Sn

4

 phase dis-

appears at 1000 °C.  

4) The Ni-Co side presents an interconnected (αCo, Ni) 

phase region at both 700 and 1000 °C and its solubility for Sn 

is from 1 at% to 10.5 at%. The solubility of Ni in the linear 

compound CoSn phase is about 15.9 at%. 
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