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ABSTRACT The isothermal section of Fe–Co–Nb ternary system at 1173 K was determined by
means of the diffusion triple and electron microprobe analysis. The results indicate that there are five
binary intermetallic phases of Fe7Nb6, Fe2Nb, Co7Nb6, Co3Nb and Co2Nb in Fe–Co–Nb ternary system at
1173 K. Fe7Nb6 and Co7Nb6 formed into a continuous solid solution (Fe,Co)7Nb6. Four three–phase
regions of αFe+αCo+Co3Nb, αFe+Co3Nb+Co2Nb, αFe+Fe2Nb+Co2Nb, Fe2Nb+Co2Nb+(Fe,Co)7Nb6

exist in the isothermal section. No ternary compound is observed.
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Fig.1 Back–scattered electron images (a) and schematic diagram of Fe–Co–Nb diffusion triple at

1173 K (b)
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Table 1 Equilibrium data determined by EPMA in the Fe–Co–Nb system at 1173K (mol fraction)

Nb/(Fe,Co)7Nb6 Co2Nb/(Fe,Co)7Nb6

Co Nb Fe Co Nb Fe Co Nb Fe Co Nb Fe

0.012 0.961 0.027 0.098 0.494 0.408 0.668 0.310 0.022 0.527 0.471 0.002

0.006 0.959 0.035 0.065 0.491 0.444 0.638 0.307 0.055 0.504 0.469 0.027

0.017 0.960 0.023 0.403 0.491 0.106 0.597 0.304 0.099 0.448 0.462 0.090

0.015 0.961 0.024 0.178 0.493 0.329 0.535 0.301 0.164 0.351 0.458 0.191

0.008 0.984 0.008 0.499 0.483 0.018 Co2Nb/αFe

0.011 0.973 0.016 0.473 0.481 0.046 Co Nb Fe Co Nb Fe

Fe2Nb/(Fe,Co)7Nb6 0.565 0.272 0.163 0.534 0.022 0.444

Co Nb Fe Co Nb Fe 0.599 0.271 0.130 0.548 0.025 0.427

0.005 0.337 0.658 0.006 0.469 0.525 0.532 0.271 0.197 0.462 0.038 0.500

0.012 0.339 0.649 0.008 0.477 0.515 Co3Nb/Co2Nb

0.032 0.341 0.627 0.015 0.479 0.506 Co Nb Fe Co Nb Fe

0.058 0.347 0.595 0.057 0.479 0.464 0.727 0.251 0.022 0.695 0.270 0.035

0.116 0.345 0.539 0.125 0.477 0.398 0.742 0.252 0.006 0.718 0.271 0.011

αFe/Fe2Nb αFe/Co3Nb

Co Nb Fe Co Nb Fe Co Nb Fe Co Nb Fe

0.114 0.018 0.868 0.072 0.271 0.657 0.601 0.018 0.381 0.696 0.251 0.053

0.072 0.016 0.912 0.033 0.272 0.695 0.582 0.020 0.398 0.690 0.251 0.059

0.013 0.017 0.970 0.009 0.268 0.723 Co3Nb/αCo

0.029 0.016 0.955 0.013 0.276 0.711 Co Nb Fe Co Nb Fe

0.162 0.032 0.806 0.091 0.270 0.639 0.735 0.249 0.016 0.951 0.021 0.028

0.235 0.029 0.736 0.106 0.272 0.622 0.721 0.251 0.028 0.943 0.019 0.038

αFe/αCo Fe2Nb/Co2Nb

Co Nb Fe Co Nb Fe Co Nb Fe Co Nb Fe

0.646 0.013 0.341 0.743 0.012 0.245 0.138 0.310 0.552 0.489 0.296 0.215
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Fig.2 Composition–distance curve diagram
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Fig.3 The isothermal section of the Fe–Co–Nb

ternary system at 1173 K

K#2U"+M, :LMN'5yql{|"
�0{w<o.:, (|�wuv6"=oz{.

:. }$LMN'8:v9+x"}I~I, UR

'L8:|6/, '8:v6)J6} /. J

6wu"=J~#�o>u. 4g> 1 '"T
e37 1, q_ Fe–Co–Nb J%0 1173K *JK

+ (7 3). 5Y�~, Fe–Co–Nb J%0 1173 K

*JK+8: 7 9|6/, 9 956/3 4 9

J6/: αFe+αCo+Co3Nb, αFe+Co3Nb+Co2Nb,

αFe+Fe2Nb+Co2Nb, Fe2Nb+Co2Nb+(Fe,Co)7Nb6.

3 4 8
K#LMNON3L*OPQ/.::R+M

y<% Fe–Co–Nb J%0 1173 K *JK+, q

_%HJ%0 1173 K "6wu�07. & 4

Fe2Nb)Co2Nb jo>�<"kpIln, Co3Nb

mn$o & 4. o>�<kpIln"& 4

Fe7Nb6 * Co7Nb6 ,.rtkps (Fe,Co)7Nb6. H

J%0 1173 K*JK+8: 79|6/, 99v6/

3 4 9J6/: αFe + αCo + Co3Nb, αFe + Co3Nb

+ Co2Nb, αFe + Fe2Nb + Co2Nb, Fe2Nb + Co2Nb

+ (Fe,Co)7Nb6.

= > # ?
1 L.C.Zhang, M.Calin, F.Paturaud, J.Eckert, Deformation

behavior and plastic instability of off–stoichiometric Co–

Fe alloys, Scripta Materialia, 57, 7(2007)

2 Z.M.Zeng, H.X.Wei, L.X.Jiang, G.X.Du, W.S.Zhan,

X.F.Han, High magnetoresistance in Co–Fe–B–based dou-

ble barrier magnetic tunnel junction, Journal of Mag-

netism and Magnetic Materials, 303, 219(2006)

3 W.S.Sun, X.B.Liang, T.Kulik, Formation and magnetic

properties of Co–Fe–based bulk metallic glasses with su-

percooled liquid region, Journal of Magnetism and Mag-

netic Materials, 299, 492(2006)

4 T.G.Woodcock, R.Hermann, W.Loser, Development of a

metastable phase diagram to describe solidification in un-

dercooled Fe–Co melts, Computer Coupling of Phase Di-

agrams and Thermochemistry, 31, 256(2007)

5 K.Kawahara, Effect of additive element on coldworkbility

in FeCo alloys, J. Mater. Sci., 18, 1709(1983)

6 R.T.Finger, G.Kozlowski, Study on magnetic properties

and mechanical properties of Fe–Co soft magnetic materi-

als, J. Appl. Phys., 81, 4110(1997)

7 C.Toffolon, C.Servant, Thermodynamic assessment of the

Fe–Nb system, Calphad, 24, 97(2000)

8 J.M.B.Zelaya, S.Gama, C.A.Ribeiro, G.Effenberg, Iron–

niobium phase diagram, Z.Metallkd., 84, 160(1993)

9 I.Ohnuma, H.Enoki, O.Ikeda, R.Kainuma, H.Ohtani,

B.Sundman, K.Ishida, Phase equilibria in the Fe–Co bi-

nary system, Acta Materialia, 50, 379(2002)

10 K.C.Hari Kumar, I.Ansara, P.Wollants, L.Delaey, Ther-

modynamic optimisation of the Co–Nb system, J. Alloys

and Compds., 267, 105(1998)



1 � 3X^Y:Fe–Co–Nb _^_`aZ 1173 K Yb`a 451 � 3X^Y:Fe–Co–Nb _^_`aZ 1173 K Yb`a 451 � 3X^Y:Fe–Co–Nb _^_`aZ 1173 K Yb`a 45

11 L.A.Panteleimonov, O.G.Burtseva, V.V.Zubenko, The

physicochemical investigation of interaction of elements

of group VIII, Alloyed with niobium, Moscow University

Chemistry Bulletin, 37, 71(1982)

12 Z.P.Jin, A study of the range of stability of σ–phase in

some ternary system, Scand. J. Metall., 10, 279(1981)

13 T.B.Massalski, H.Okamoto, P.R.Subramanian,

L.Kacprzak, M.E.Kassner, Binary Alloy Phase Dia-

grams, 2, (USA, Materials Park, 1992) p.1211

14 T.B.Massalski, H.Okamoto, P.R.Subramanian,

L.Kacprzak, M.E.Kassner, Binary Alloy Phase Dia-

grams, 2, (USA, Materials Park, 1992) p.1732


