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������	�. *'�!#+#$ -#'/�+�$"/�3#���% "$"7�: '"�-!�'�! ���7�'�+" ! '"�&7"!"; ���-#/ Fe – Ni – O, Fe – Co – O, Co – Ni – O. �&#'!<# &�7=3#-
$< ���-"! ����+$�% ?":< � :$"3#$�� '"!$�!#�$<; ��$@#$-'"@�% ���7�'�+" ! '"�&7"!"; A-�; ���-#/ !� !�#/ +�"&":�$# ���-"!�! �&7"!�!. 
� ���-#/"; Fe – Ni – O � Fe – Co – O &� /#'# =!#7�3#$�� ��+#'B"$�� $��#7� � ��D"7E-" ! '"�&7"!"; ����+$"� ?":" ��+#'B�-, ! ��$�!$�/, 
FeO ! +��-"-�3$� G�'���/ +�"&":�$# ��+#'B"$�% $��#7� � ��D"7E-". ��7E�� &'� /�7E$�% +�7# $��#7�, D7�:��% � #+�$�@#, � /�7E$�% +�7# 
��D"7E-" D�7EG# 0,8 '#:�� !�:'"�-"#- ��+#'B"$�# NiO � CoO ���-!#-�-!#$$�. � ���-#/# Co – Ni – O ! ����+$�% ?":# ��+#'B�-�� �"� CoO, 
-"� � NiO !� !�#/ +�"&":�$# ���-"!�! �&7"!�!. � ���-#/"; Fe – Ni � Fe – Co +�D"!�� $��#7� � ��D"7E-" ! '"�&7"! &'�!�+�- � �$�B#$�H 
'"�-!�'�/��-� ���7�'�+" :" �3#- ��7"D7#$�� �"� $��#7#/, -"� � ��D"7E-�/ �!�:#% ���7�'�+" ! '"�&7"!# � &�!<G#$�� -#/ �"/</ #�� "�-�!-
$��-�. �"7##, &� /#'# =!#7�3#$�� ��+#'B"$�� $��#7� � ��D"7E-", ��$@#$-'"@�� ���7�'�+" ! '"�&7"!# !�:'"�-"#- �$"3"7" /#+7#$$�, " :"-#/ 
!#�E/" '#:��. � ���-#/# Co – Ni +�D"!�� $��#7� � ��D"7E-= &'�!�+�- � &�!<G#$�H '"�-!�'�/��-� ���7�'�+" !� !�#/ +�"&":�$# ���-"!�! 
�&7"!�! ! �!�:� � �=I#�-!#$$� D�7EG#% '"�-!�'�/��-EH ���7�'�+" ! $��#7#, 3#/ ! ��D"7E-#. 

�������� �����: B#7#:�, $��#7E, ��D"7E-, ���7�'�+, -#'/�+�$"/�3#���% "$"7�:, ����+$"� ?":", '"�-!�'�/��-E ���7�'�+".

K#7#:�, ��D"7E- � $��#7E (-'�"+" B#7#:") �!7�H--
�� A7#/#$-"/� �+$�% �'=&&< (VIII B) � $";�+�-�� ! �+-
$�/ &#'��+# (IV) *#'��+�3#���% ���-#/< A7#/#$-�! 
�.�.  �#$+#7##!", �+$"�� ?�:�3#���# � ;�/�3#���# 
�!�%�-!" A-�; A7#/#$-�! !� /$���/ '":7�3"H-��, A-� 
�"�"#-�� � �; ��#+�$#$�% � +'=��/� A7#/#$-"/�. 

�&7"!< $" ��$�!# ���-#/ Fe – Ni, Fe – Co � Co – Ni 
G�'��� ��&�7E:=H-�� ! ��!'#/#$$�% -#;$��#. ��+#'-
B"I�%�� ! A-�; �&7"!"; ���7�'�+ �$�B"#- �; �7=B#D-
$<# �!�%�-!". �:=3#$�# ?�:���-;�/�3#���; �!�%�-! 
'"�-!�'�! ���7�'�+" ! '"�&7"!"; A-�; ���-#/ &�:!�7�- 
�&-�/�:�'�!"-E &'�@#��< &�7=3#$�� A-�; �&7"!�!. 
�  7�-#'"-='# �-�=-�-!=H- +"$$<# � ���-"!# ����+-
$�% ?":<, '"!$�!#�$�% �� �&7"!"/� ���-#/ Fe – Ni – O, 
Fe – Co – O, Co – Ni – O, � � '"�-!�'�/��-� ���7�'�+" ! 
'"�&7"!"; A-�; ���-#/ ! G�'���/ +�"&":�$# ��+#'B"-
$�% ��/&�$#$-�! �&7"!�!. �#'/�+�$"/�3#���% "$"7�: 
$" D":# +"$$<; � '"�-!�'"; ���7�'�+" ! B�+��; B#7#:#, 
$��#7# � ��D"7E-# [1  –  4] � � ���-#/"; Fe – Ni, Fe – Co,  
Co – Ni [5] &�:!�7�#- �&'#+#7�-E ���-"! ����+$�% ?":< 
� �@#$�-E '"�-!�'�/��-E ���7�'�+" ! '"�&7"!"; +"$-
$<; ���-#/.

�"�-!�'< ���7�'�+" ! '"�&7"!"; $" ��$�!# B#7#:", 
$��#7� � ��D"7E-" �7#+=#- '"��/"-'�!"-E �"� '#"7E$<#, 
�D'":�!"$�# ��-�'<; ��&'�!�B+"#-�� -#&7�!</ A??#�-
-�/ � �:/#$#$�#/ A$-'�&��. �'"!$#$��, �&��<!"HI�# 
&�!#+#$�# ��/&�$#$-�! ! '#"7E$<; '"�-!�'";, /�B$� 

&�7=3�-E �: ='"!$#$�% +7� �+#"7E$<; '"�-!�'�! &=-#/ 
:"/#$< ��$@#$-'"@�% ���-!#-�-!=HI�/� :$"3#$��/� 
"�-�!$��-#% (a  =  QX, �+# Q – ��A??�@�#$- "�-�!$��-
-�; X  – /�7E$"� +�7�). 
-�D< =3#�-E !:"�/$�# !7��$�# 
��/&�$#$-�! '"�-!�'" $" �; -#'/�+�$"/�3#���# ;"'"�-
-#'��-���, &�7E:=H-�� "&&"'"-�/ &"'"/#-'�! !:"�/�-

+#%�-!��  [6]. ��$�!= /#-�+" ���-"!7�#- 

'":7�B#$�# ���-!#-�-!=HI#% �:D<-�3$�% -#'/�+�$"-
/�3#���% ?=$�@�� (SGi , SHi , SSi ) ! '�+ �#%7�'". 
�  D�7EG�$�-!# �7=3"#! -'#D=#/"� -�3$��-E &�:!�7�#- 
��'"$�3�!"-E�� 37#$"/� '�+" $=7#!�% � &#'!�% �-#&#-
$� 

� �7=3"# '"�&7"!�! B#7#:", $��#7� � ��D"7E-" '#"�-
@�� '"!$�!#��� /#-"77 – ����+$"� ?":" 

MeO(B, -!) = Me(B) + [O]1 %(Me) ,  K(1) = aO = [O] fO  (1)

/�B#- D<-E &'#+�-"!7#$" �"� �=//" '#"�@�%:

        MeO(B, -!) = Me(B) + 1/2 O2(�); (2)

  (3)

�+#  – ��A??�@�#$- "�-�!$��-� ���7�'�+" ! '"�-
&7"!# &'� D#���$#3$�/ '":D"!7#$��; Mi – /�7#�=7�'-
$"� /"��". � �"3#�-!# �-"$+"'-$��� ���-��$�� +7� 

* �"D�-" !<&�7$#$" &'� ?�$"$��!�% &�++#'B�# �ZZ� ! '"/�"; 
$"=3$��� &'�#�-" � 14-03-31682 mol_a.
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��� � � � � � � � � � � � � � � � � � � � � � � �� � � � �

���7�'�+", '"�-!�'#$$��� ! '"�&7"!#, !<D'"$ �D7"+"-
HI�% �!�%�-!"/� �+#"7E$��� '":D"!7#$$��� '"�-!�'" 
1  %-$<% '"�-!�'.

�"�-!�'�/��-E ���7�'�+" ! B�+��/ /#-"77# /�B#- 
D<-E '"��3�-"$" &� ='"!$#$�H 

  (4)

�+#  – &"'"/#-' !:"�/�+#%�-!�� &#'!��� &�'�+�" 
&'� !<'"B#$�� ��$@#$-'"@�� ��/&�$#$-�! ! /"���!<; 
&'�@#$-";.

�#7�3�$= [%  O] ! &'"!�% 3"�-� ='"!$#$�� (4) 
/�B$� !<'":�-E 3#'#: �-$�G#$�# K(1) / f0 . *'� 
[%  O]  \  0  fO  \  1. � �!�:� � /"7��-EH !#7�3�$< [%  O] 
/�B$� &'�$�-E K(1) / f0  ̂   K(1) . �"�"� :"/#$" $# !$���- :"-
/#-$�% &��'#G$��-� ! '"�3#-< [4]. ���+" ='"!$#$�# (4) 
&'�/#- !�+

           (4�)

*'� 1873 � ����+ B#7#:" B�+��% T&7 (FeO)  =  1651  �  [7], 
" ����+< $��#7� � ��D"7E-" -!#'+<#: T&7 (NiO)  =  2228  �  [7], 
T&7 (CoO)  =  2088  �  [7]. �#/&#'"-='$"� :"!���/��-E 
A$#' ��� ��DD�" '#"�@�% �D'":�!"$�� ����+�! B#7#:", 
$��#7� � ��D"7E-" �&��<!"#-�� ='"!$#$��/�:

 (FeO(B) ) = 239 987 – 49,57T, �B//�7E [4];

 (NiO(-!) ) = 253 929 – 95,29T, �B//�7E [4];

 (CoO(-!) ) = 261 884 – 85,83T, �B//�7E [4].

�7� '"�-!�'�! ���7�'�+" ! B�+��; B#7#:#, $��#7# � 
��D"7E-# &'� 1873 �   =  0,0103 [1],   =  0,337  [2], 

  =  0,161  [3], 3-� &�:!�7�#- '"��3�-"-E A$#'��H 
��DD�" '#"�@�� (3), " :"-#/ A$#'��H ��DD�" � ��$-
�-"$-= '"!$�!#��� '#"�@�� (1). *'� 1873  � +7� B#7#-
:"   =  23  637  �B//�7E, lgK(1)  =  –0,6599; +7� $��#7� 

  =  7042  �B//�7E, lgK(1)  =  –0,1966; +7� ��D"7E-" 
  =  21  271  �B//�7E, lgK(1)  =  –0,5939. *'� 1873  � 
  =  –0,17 [1],   =  0 [2],   =  0 [3], " '"�-!�'�-

/��-E ���7�'�+", '"��3�-"$$"� &� ='"!$#$�H (4), ���-
-"!7�#-: ! B#7#:# [O]Fe  =  0,240  %, ! $��#7# [O]Ni  =  0,636  %, 
! ��D"7E-# [O]Co  =  0,255  %. *�7=3#$$<# :$"3#$�� ;�-
'�G� ���7"�=H-�� � 7�-#'"-='$</� +"$$</�: [O]Fe  = 
=  0,23  % [8,  9], [O]Ni = 0,64 % [8], [O]Co = 0,23 % [9].

����+$"� ?":" $"+ '"�&7"!"/� ���-#/ Fe – Ni – O, 
Fe – Co – O � Co – Ni – O ��+#'B�- FeO, NiO � CoO (+!" 
�: =�":"$$<; ����+�! ! :"!���/��-� �- ���-"!" �&7"-
!"). �#"�@��, �&��<!"HI"� '"!$�!#��# /#-"77 – ����+-
$"� ?":"

(Me2O) (B,  -!) + Me1 (B) = (Me1O) (B,  -!) + Me2 (B),  (5)

/�B#- D<-E &'#+�-"!7#$" �"� �=//" '#"�@�% 

      Me1O (B,  -!) = Me1 (B) + 1/2 O2 (�); (6)

      Me2O (B,  -!) = Me2 (B) + 1/2 O2 (�). (7)

� &'�D7�B#$�� ��!#'G#$$<; '"�-!�'�! +7� ��-
��+$�% ?":< ! �7=3"# '"�-!�'�! ���7�'�+" ! '"�&7"-
!"; ��� -#/ Fe – Ni, Fe – Co � Co – Ni /�B$� :"&��"-E 

*����7E�= XMe1O + XMe2O = 1, -�

         (8)

*'� '"�3#-# A$#'��� ��DD�" '#"�@�� (5) =3�-<!"-
#-�� A$#'��� ��DD�" '#"�@�% �D'":�!"$�� ���-!#-�--
!=HI�; ����+�! (�/. !<G#). *'� 1873 � +7� ���-#/< 
Fe – Ni   =  –71  692  �B//�7E, K(5)  =  100,357; +7� ���-
-#/< Fe – Co   =  –46  018  �B//�7E, K(5)  =  19,265; +7� 
���-#/< Co – Ni   =  25  674  �B//�7E, K(5)  =  0,1920. 

���-"! ����+$�% ?":< '"�&7"!�! ���-#/ Fe – Ni, 
Fe – Co � Co – Ni, '"��3�-"$$<% &� ='"!$#$�H (8), 
&'�!#+#$ ! -"D7.  1  –  3 � $" '��.  1. �"� !�+$� �: &'�!#-
+#$$<; +"$$<;, ! ���-#/# Fe – Ni – O ! ����+$�% ?":# 
��+#'B�-��, ! ��$�!$�/, FeO, � -�7E�� &'� /�7E$�% 
+�7# $��#7�, D7�:��% � #+�$�@#, '#:�� !�:'"�-"#- ��-
+#'B"$�# NiO. d-� �!�:"$� � -#/, 3-� B#7#:� �/##- 
�=I#�-!#$$� D�7EG## �'�+�-!� � ���7�'�+=, 3#/ $�-
�#7E. �  ��� -#/# Fe – Co – O ! ����+$�% ?":# -"�B#, ! 
��$�!$�/, ��+#'B�-�� FeO, � -�7E�� &'� /�7E$�% +�7# 
��D"7E-" ! '"�&7"!# D�7EG# 0,8 ! ����+$�% ?":# '#:�� 
!�:'"�-"#- ��+#'B"$�# CoO. d-�, �"� � ! �7=3"# ���-#-
/< Fe – Ni – O, �!�:"$� � -#/, 3-� B#7#:� �/##- D�7EG## 
�'�+�-!� � ���7�'�+=, 3#/ ��D"7E-. � ���-#/# Co – Ni – O 
! ����+$�% ?":# ��+#'B�-�� �"� CoO, -"� � NiO, �+$"�� 

� " D 7 � @ "  1

������ �$�����# %�&' ���(����� ������'
Fe – Ni – O (�� 1873 K

XFe QFe [5] XNi QNi [5] XFeO XNiO 
1,0 1,000 0 0,617 1,0000 0
0,9 0,996 0,1 0,675 0,9993 0,0007
0,8 0,992 0,2 0,692 0,9983 0,0017
0,7 0,990 0,3 0,697 0,9970 0,0030
0,6 0,978 0,4 0,712 0,9952 0,0048
0,5 0,941 0,5 0,745 0,9922 0,0078
0,4 0,858 0,6 0,802 0,9862 0,0138
0,3 0,726 0,7 0,877 0,9727 0,0273
0,2 0,581 0,8 0,945 0,9391 0,0609
0,1 0,454 0,9 0,987 0,8368 0,1632
0 0,355 1,0 1,000 0 1,0000
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+7� !�#; ���-"!�! �&7"!�! /�7E$"� +�7� CoO ! ����+-
$�% ?":# D�7EG# /�7E$�% +�7� ��D"7E-" ! '"�&7"!#, " 
/�7E$"� +�7� NiO ! ����+$�% ?":# /#$EG# /�7E$�% 
+�7� $��#7� ! '"�&7"!#. d-� �!�:"$� � -#/, 3-� ��D"7E- 
;"'"�-#'�:=#-�� Dó7EG�/ �'�+�-!�/ � ���7�'�+=, 3#/ 
$��#7E. 

�'�+�-!� Fe, Ni � Co � ���7�'�+= /�B#- D<-E �;"-
'"�-#'�:�!"$� �"� A$#'��#% ��DD�" '#"�@�� �D'"-
:�!"$�� ���-!#-�-!=HI�; ����+�! (  (FeO)  = 
=  –147  142  �B//�7E [4];  (NiO)  =  –75  451  �B//�7E [4]; 

 (CoO)  =  –101  124  �B//�7E [4]), -"� � !#7�3�$�% 
��A??�@�#$-" "�-�!$��-� ���7�'�+" ! A-�; '"�&7"-
!"; &'� D#���$#3$�/ '":D"!7#$�� (   =  0,0103  [1]; 

  =  0,337  [2];   =  0,161  [3]); 3#/ !#7�3�$"  
D�7EG#, -#/ �'�+�-!� /#$EG#. 

�#"�@�� (1) +7� '"�&7"!�! ���-#/< Me1 – Me2

      (9)

/�B#- D<-E &'#+�-"!7#$" �"� �=//" '#"�@�% (6) � (10):

     (10)

�7� '"�&7"!�! !�#; ���-#/ :$"3#$�� /�7#�=7�'$�% 
/"��< �&7"!" '"��3�-"$< &� ='"!$#$�H [10]

� " D 7 � @ "  2

������ �$�����# %�&' ���(����� ������' Fe – Co – O 
(�� 1873 K

XFe QFe [5] XCo QCo [5] XFeO XCoO

1,0 1,000 0 1,051 1,0000 0
0,9 0,996 0,1 1,136 0,9935 0,0065
0,8 0,987 0,2 1,199 0,9845 0,0155
0,7 0,979 0,3 1,230 0,9728 0,0272
0,6 0,981 0,4 1,226 0,9585 0,0415
0,5 1,035 0,5 1,151 0,9454 0,0546
0,4 1,095 0,6 1,097 0,9276 0,0724
0,3 1,183 0,7 1,051 0,9029 0,0971
0,2 1,282 0,8 1,024 0,8577 0,1423
0,1 1,416 0,9 1,006 0,7508 0,2492
0 1,590 1,0 1,000 0 1,0000

� " D 7 � @ "  3

������ �$�����# %�&' ���(����� ������'
Co – Ni – O (�� 1873 K

XCo QCo [6] XNi QNi [6] XCoO XNiO

1,0 1,0 0 1,0 1,0000 0
0,9 1,0 0,1 1,0 0,9791 0,0209
0,8 1,0 0,2 1,0 0,9541 0,0459
0,7 1,0 0,3 1,0 0,9238 0,0762
0,6 1,0 0,4 1,0 0,8863 0,1137
0,5 1,0 0,5 1,0 0,8386 0,1614
0,4 1,0 0,6 1,0 0,7760 0,2240
0,3 1,0 0,7 1,0 0,6902 0,3098
0,2 1,0 0,8 1,0 0,5651 0,4349
0,1 1,0 0,9 1,0 0,3661 0,6339
0 1,0 1,0 1,0 0 1,0000

��� 1. �"!���/��-E ���-"!" ����+$�% ?":<, $";�+�I#%�� ! '"!$�!#��� � '"�&7"!"/� ���-#/ Fe – Ni – O (�), Fe – Co – O (�) 
� Co – Ni – O (�), �- ���-"!" �&7"!" &'� 1873 K:

1 – XFeO ; 2 – XNiO ; 3 – XCoO 

Fig. 1. Composition of the oxide phase in equilibrium with (a) Fe – Ni – O, (�) Fe – Co – O and 
(�) Co – Ni – O melts vs. alloy composition at 1873 K:

1 – XFeO ; 2 – XNiO ; 3 – XCoO
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��� � � � � � � � � � � � � � � � � � � � � � � �� � � � �

" ��A??�@�#$-" "�-�!$��-�  &� ='"!$#$�H  [11]

�7� '"�-!�'�! ���7�'�+" ! B�+��; B#7#:#, $�-
�#7# � ��D"7E-#:   =  0,0103  [1];   =  0,337  [2]; 

  =  0,161  [3];   =  0,270  [12];   =  –5,179  [12]; 
  =  1,9  [1],   =  –4,1  [3];   =  –1,4 [13];   = 

=  0,16  [3]. �"��3�-"$$<# :$"3#$�� MMe1  +  Me2 ,  , 
A$#'��� ��DD�" � ��$�-"$-" '"!$�!#��� '#"�@�� (9) +7� 
���-#/ Fe – Ni, Fe – Co � Co – Ni &'�!#+#$< ! -"D7.  4  –  6. 
�"�-!�'�/��-E ���7�'�+" ! '"�&7"!"; ���-#/< 
Me1 – Me2 /�B#- D<-E '"��3�-"$" &� ='"!$#$�H

     (11)

�#7�3�$= [%  O] ! &'"!�% 3"�-� ='"!$#$�� (11) /�B$� 

!<'":�-E 3#'#: �-$�G#$�#  *'� [%  O]  \  0 

fO  \  1. � �!�:� � /"7��-EH !#7�3�$< [%  O] /�B$� &'�-

$�-E  �"�"� :"/#$" $# !$���- 

:"/#-$�% &��'#G$��-� ! '"�3#-< [4]. ���+" ='"!$#-
$�#  (11) &'�/#- !�+

   (11�)

�"�&7"!< ���-#/ Fe – Ni, Fe – Co � Co – Ni D7�:�� � 
�+#"7E$</ '"�-!�'"/ [5], 3-� &�:!�7�#- +7� '"�3#-" 
!#7�3�$< &"'"/#-'" !:"�/�+#%�-!��  (" :"-#/ 

) &'�$�-E ���-$�G#$�# [10]

*'� 1873 �   =  –0,17 [1];   =  0 [2];   =  0  [3]. 
�"��3�-"$$<# :$"3#$�� &"'"/#-'" !:"�/�+#%�-!�� 

 +7� ���-#/ Fe – Ni � Fe – Co &'�!#+#$< ! 
-"D7.  4 � 5, ! �7=3"# ���-#/< Co – Ni &"'"/#-' !:"�/�-
+#%�-!��  '"!#$ $=7H +7� !�#; ���-"!�! �&7"-
!�!.

�"!$�!#�$<# ��$@#$-'"@�� ���7�'�+" ! ���-#-
/"; Fe – Ni, Fe – Co � Co – Ni, '"��3�-"$$<# &� ='"!-
$#$�H  (11�), &'�!#+#$< ! -"D7.  4  –  6 � $" '��.  2. �"� 
!�+$� �: &'�!#+#$$<; +"$$<;, ! ���-#/# Fe – Ni $#-
D�7EG�# +�D"!�� $��#7� � B#7#:= (/�7E$"� +�7� $�-
�#7� <0,15) $# ��":<!"H- :"/#-$��� !7��$�� $" !#7�-
3�$= '"�-!�'�/��-� ���7�'�+" ! '"�&7"!# ! �!�:� �� 
�7"D</ !7��$�#/ $��#7� &'� /"7<; #�� ��+#'B"$��; 
$" "�-�!$��-E ���7�'�+" ! B#7#:# (�/.  -"D7.  4). �"7E-
$#%G�# +�D"!�� $��#7� ! '"�&7"! (+� /�7E$�% +�7� 
$��#7� ~0,7) &'�!�+�- � �$�B#$�H '"�-!�'�/��-� 
���7�'�+" :" �3#- ��7"D7#$�� $��#7#/ �!�:#% ���7�-
'�+" ! '"�&7"!# � &�!<G#$�� -#/ �"/</ #�� "�-�!-
$��-� (   =  0,270). �"7##, &� /#'# =!#7�3#$�� ��-
+#'B"$�� $��#7�, ��$ @#$- '" @�� ���7�'�+" ! '"�&7"!# 
!�:'"�-"#- �$"3"7" /#+7#$$�, " :"-#/, &'� /�7E$�% 
+�7# $��#7� >0,9, !#�E/" '#:�� ! �!�:� � :$"3�-#7E$� 
D�7## !<����% '"�-!�'�/��-EH ���7�'�+" ! $��#7#, 
3#/ ! B#7#:#. � ���-#/# Fe – Co +�D"!�� ��D"7E-" � 
B#7#:= -"�B# &'�!�+�- � :"/#-$�/= �$�B#$�H '"�-
-!�'�/��-� ���7�'�+". d-� �!�:"$� � -#/, 3-� ��D"7E-, 
�"� � $��#7E, &�!<G"#- ��A??�@�#$- "�-�!$��-� ���-

� " D 7 � @ "  4

������������) $�������� � ���(����+ ������' Fe – Ni (�� 1873 �

XNi MFe–Ni  , �B//�7E lgK(9) [O], %
0 55,874 0,0103 23 637 –0,6599 –0,1700 0,240

0,1 56,133 0,0111 24 852 –0,6938 –0,1538 0,0240
0,2 56,420 0,0130 27 402 –0,7650 –0,1374 0,231
0,3 56,706 0,0164 31 144 –0,8695 –0,1208 0,205
0,4 56,992 0,0222 35 936 –1,0033 –0,1041 0,175
0,5 57,279 0,0319 41 634 –1,1624 –0,0872 0,149
0,6 57,565 0,0481 48 096 –1,3428 –0,0701 0,133
0,7 57,851 0,0754 55 180 –1,5406 –0,0528 0,131
0,8 58,137 0,1219 62 743 –1,7517 –0,0354 0,145
0,9 58,424 0,2014 70 642 –1,9722 –0,0178 0,198
1,0 58,710 0,3370 7042* –0,1966* 0 0,636

* �"�3#- +7� '#"�@�� NiO(-!) = Ni(B) + [O]1 % (Ni) .
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7�'�+" ! B#7#:# (   =  1,9), �$�B"� -#/ �"/</ #�� 
'"�-!�'�/��-E. ��7E�� &� +��-�B#$�� /�7E$�% +�7� 
��D"7E-" ! '"�&7"!# ~0,8 ��$@#$-'"@�� ���7�'�+" $"-
3�$"#- !�:'"�-"-E �$"3"7" /#+7#$$�, " :"-#/ +��-"-
-�3$� D<�-'�. �� !�#/ +�"&":�$# ���-"!�! �&7"!�! 
'"�-!�'�/��-E ���7�'�+" ! '"�&7"!"; ���-#/< Fe – Co 
$�B#, 3#/ ! '"�&7"!"; ���-#/< Fe – Ni ! �!�:� � -#/, 
3-� '"�- !�'�/��-E ���7�'�+" ! ��D"7E-# $�B#, 3#/ ! 
$��#7#. �  ���-#/# Co – Ni +�D"!�� $��#7� � ��D"7E-= 
&'�!�+�- � &�!<G#$�H '"�-!�'�/��-� ���7�'�+" !� 
!�#/ +�"&":�$# ���-"!�! �&7"!�! ! �!�:� � �=I#�-!#$-
$� D�7EG#% '"�-!�'�/��-EH ���7�'�+" ! $��#7#, 3#/ 
! ��D"7E-#. 

�" �'�!<; '"�-!�'�/��-� ���7�'�+" ! '"�&7"-
!"; ���-#/ Fe – Ni � Fe – Co $"D7H+"#-�� /�$�/=/ 

(�/.  '��.  2). *� /#'# =!#7�3#$�� ! '"�&7"!"; $" ��$�-
!# B#7#:" ��+#'B"$�� $��#7� � ��D"7E-" ����+$"� ?":" 
$"+ '"�&7"!"/� ���-��- &'"�-�3#��� �: ����+" B#7#:" 
FeO ! +��-"-�3$� G�'���/ +�"&":�$# ��+#'B"$�% $�-
�#7� � ��D"7E-". �"�-!�'�/��-E ���7�'�+" ! '"�&7"!# 
�&'#+#7�#-�� #�� "�-�!$��-EH, ��-�'"� &�!<G"#--
�� &� /#'# =!#7�3#$�� ��+#'B"$�� $��#7� � ��D"7E-" 
(�/.  -"D7.  4 � 5), 3-� &'�!�+�- � �$�B#$�H '"�-!�'�/�-
�-� ���7�'�+" ! '"�&7"!#. ���+" ��+#'B"$�# $��#7� � 
��D"7E-" ! '"�&7"!"; �-"$�!�-E�� :$"3�-#7E$</, -��+" 
�&'#+#7�HI�/ ?"�-�'�/ �-"$�!�-�� '"�-!�'�/��-E 
���7�'�+" ! A-�; A7#/#$-";. ��$@#$-'"@�� ���7�'�+" 
$"3�$"#- '"�-�, &'�;�+� 3#'#: /�$�/=/. K#7#:� �!-
7�#-�� '"����7�-#7#/ +7� B�+��; $��#7� � ��D"7E-" ! 
�!�:� � Dó7EG�/ �'�+�-!�/ � ���7�'�+=. ��+#'B"$�� 
B#7#:" [%  Fe]�, ��-�'</ ���-!#-�-!=H- /�$�/"7E$<# 
��$@#$-'"@�� ���7�'�+", /��=- D<-E �&'#+#7#$< &� 
='"!$#$�H [14]

              (12)

�+# m � n – ��A??�@�#$-< ! ?�'/=7# ����+" RmOn . 
�  �7=3"# ����+" FeO ='"!$#$�# (12) &'�/#- !�+

   (12�)

��B# &'�!#+#$< '"��3�-"$$<# &� ='"!$#$�H (12�) 
:$"3#$�� ��+#'B"$�% B#7#:" ! -�3�"; /�$�/=/" � ��-
�-!#-�-!=HI�# �/ /�$�/"7E$<# ��$@#$-'"@�� ���7�-
'�+" +7� '"�&7"!�! ���-#/ Fe – Ni � Fe – Co:

���-#/" [% Fe]� [% O]/�$

Fe – Ni 0,013 [2] –0,029 [2] 27,174 0,131
Fe – Co –0,0062 [3] –0,019 [3] 17,253 0,095

� " D 7 � @ "  5

������������) $�������� � ���(����+ ������' Fe – Co (�� 1873 �

XCo MFe – Co  , �B//�7E lgK(9) [O], %

0 55,847 0,0103 23 637 –0,6599 –0,1700 0,240
0,1 56,156 0,0125 26 743 –0,7467 –0,1539 0,213
0,2 56,464 0,0153 30 005 –0,8377 –0,1375 0,192
0,3 56,773 0,0190 33 468 –0,9344 –0,1210 0,173
0,4 57,081 0,0240 37 179 –1,0380 –0,1043 0,155
0,5 57,390 0,0309 41 186 –1,1497 –0,0874 0,133
0,6 57,699 0,0407 45 535 –1,2713 –0,0703 0,116
0,7 58,007 0,0548 50 273 –1,4036 –0,0530 0,102
0,8 58,316 0,0761 55 446 –1,5480 –0,0355 0,095
0,9 58,625 0,1088 61 103 –1,7059 –0,0179 0,105
1,0 58,933 0,1610 21 271* –0,5939* 0 0,255

* �"�3#- +7� '#"�@�� CoO(-!) = Co(B) + [O]1 % (Co) .

� " D 7 � @ "  6

������������) $�������� � ���(����+ ������' Co – Ni 
(�� 1873 �

XNi MCo – Ni  , �B//�7E lgK(9) [O], %

0 58,933 0,161 21 271 –0,5939 0,255
0,1 58,911 0,164 21 593 –0,6028 0,272
0,2 58,889 0,170 22 077 –0,6164 0,289
0,3 58,866 0,177 22 731 –0,6345 0,307
0,4 58,844 0,187 23 562 –0,6578 0,324
0,5 58,822 0,199 24 579 –0,6862 0,346
0,6 58,799 0,216 25 789 –0,7200 0,371
0,7 58,777 0,236 27 200 –0,7594 0,401
0,8 58,755 0,262 28 820 –0,8046 0,444
0,9 58,732 0,295 30 656 –0,8559 0,511
1,0 58,710 0,337 7042* –0,1966* 0,636

* �"�3#- +7� '#"�@�� NiO(-!) = Ni(B) + [O]1 % (Ni)
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� �7=3"# ���-#/< Co – Ni $" �'�!�% '"�-!�'�/��-� 
���7�'�+" /�$�/=/ $# $"D7H+"#-��. d-� �!�:"$� � -#/, 
3-� &����7E�= ! ��D"7E-#, $��#7# � '"�&7"!"; A-�% ��-
�-#/< 7HD��� ���-"!" "�-�!$��-E ���7�'�+" '"!$" #�� 
��$@#$-'"@�� (   =  0;   =  0;   =  0), ��$@#$--
'"@�� ���7�'�+" ! '"�&7"!# �&'#+#7�#-�� -�7E�� ��+#'-
B"$�#/ ��D"7E-" � $��#7� � '"�-!�'�/��-EH ���7�'�-
+" ! $�;, " -"�B# ���-"!�/ ����+$�% ?":<.

�"��/ �D'":�/, &'�!#+#$$<% -#'/�+�$"/�3#���% 
"$"7�: &�:!�7�7 !&#'!<# &�7=3�-E ���-"! ����+$�% 
?":< � :$"3#$�� '"!$�!#�$<; ��$@#$-'"@�% ���7�'�+" 
! '"�&7"!"; ���-#/ Fe – Ni, Fe – Co � Co – Ni !� !�#/ +�"-
&":�$# ���-"!�! �&7"!�!.

������. � ���-#/"; Fe – Ni – O � Fe – Co – O &� /#'# 
=!#7�3#$�� ��+#'B"$�� $��#7� � ��D"7E-" ! '"�&7"!"; 
����+$"� ?":" ��+#'B�-, ! ��$�!$�/, FeO ! +��-"-�3-
$� G�'���/ +�"&":�$# ��+#'B"$�% $��#7� � ��D"7E-". 
��7E�� &'� /�7E$�% +�7# $��#7�, D7�:��% � #+�$�@#, 
� /�7E$�% +�7# ��D"7E-" D�7EG# 0,8 '#:�� !�:'"�-"-
#- ��+#'B"$�# NiO � CoO ���-!#-�-!#$$�. � ���-#/# 
Co – Ni – O ! ����+$�% ?":# ��+#'B�-�� �"� CoO, -"� � 
NiO !� !�#/ +�"&":�$# ���-"!�! �&7"!�!.

� ���-#/# Fe – Ni +�D"!�� $��#7� ! '"�&7"! 
(+�  /�7E$�% +�7� $��#7� ~0,7) &'�!�+�- � �$�B#$�H 
'"�-!�'�/��-� ���7�'�+" :" �3#- ��7"D7#$�� $��#7#/ 
�!�:#% ���7�'�+" ! '"�&7"!# (   =  0,270) � &�!<G#-
$�#/ -#/ �"/</ #�� "�-�!$��-�. �"7##, &� /#'# =!#-
7�3#$�� ��+#'B"$�� $��#7�, ��$@#$-'"@�� ���7�'�+" 
! '"�&7"!# !�:'"�-"#- �$"3"7" /#+7#$$�, " :"-#/, &'� 
/�7E$�% $��#7� >0,9, !#�E/" '#:�� ! �!�:� � :$"3�-
-#7E$� D�7## !<����% '"�-!�'�/��-EH ���7�'�+" ! 
$��#7#, 3#/ ! B#7#:#.

� ���-#/# Fe – Co +�D"!�� ��D"7E-" � B#7#:= &'�!�-
+�- � :"/#-$�/= �$�B#$�H '"�-!�'�/��-� ���7�'�+". 
d-� �!�:"$� � -#/, 3-� ��D"7E-, �"� � $��#7E, &�!<G"#- 

"�-�!$��-E ���7�'�+" ! B#7#:# (   =  1,9), �$�B"� -#/ 
�"/</ #�� '"�-!�'�/��-E. ��7E�� &� +��-�B#$�� /�7E-
$�% +�7� ��D"7E-" ! '"�&7"!# ~0,8 ��$@#$-'"@�� ���-
7�'�+" $"3�$"#- !�:'"�-"-E �$"3"7" /#+7#$$�, " :"-#/ 
+��-"-�3$� D<�-'�.

� ���-#/# Co – Ni +�D"!�� $��#7� � ��D"7E-= &'�-
!�+�- � &�!<G#$�H '"�-!�'�/��-� ���7�'�+" !� !�#/ 
+�"&":�$# ���-"!�! �&7"!�! ! �!�:� � �=I#�-!#$$� 
D�7EG#% '"�-!�'�/��-EH ���7�'�+" ! $��#7#, 3#/ ! 
��D"7E-#.
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THERMODYNAMICS OF OXYGEN SOLUTIONS IN THE Fe – Ni, Fe – Co AND Ni – Co MELTS

Dashevskii V.Ya., Dr. Sci. (Eng.), Head of the Laboratory 
(vdashev@imet.ac.ru )
Aleksandrov A.A., Cand. Sci. (Eng.), Senior Researcher 
Leont’ev L.I., RAS Academician, Chief Researcher 

Institute of Metallurgy and Material Science named after Bai-
kov  A.A., RAS (49, Leninskii ave., Moscow, 119991, Russia)

Abstract. Thermodynamic analysis of oxygen solutions in the Fe – Ni – O, 
Fe – Co – O, Co – Ni – O melts was determined. Composition of the ox-
ide phase and the value of the equilibrium oxygen concentration in the 
melt of those systems were � rst time obtained in a whole range of al-
loy compositions. In Fe – Ni – O and Fe – Co – O systems with increas-
ing content of nickel and cobalt in the melts the oxide phase contains 
mainly FeO in a suf� ciently wide range of content of nickel and cobalt. 
Only when the mole fraction of nickel is close to unity and the mole 
fraction of cobalt is more than 0.8, content of NiO and CoO increases 
sharply. Oxide phase of Co – Ni – O system contains CoO and NiO in 
the entire range of alloy compositions. In the Fe – Ni and Fe – Co sys-
tems nickel and cobalt additives in the melt lead to decreased solubil-
ity of oxygen due to the attenuation, both nickel and cobalt, oxygen 
bonds in the melt and thus increases its activity. Further, by increasing 
the content of nickel and cobalt, the oxygen concentration in the melt 
increases slowly at � rst and then quite rapidly. In Co – Ni system nickel 
additives to cobalt lead to increasing solubility of oxygen in the whole 
range of alloy compositions due to a substantially greater solubility of 
oxygen in nickel than in cobalt. 

Keywords: iron, nickel, cobalt, oxygen, thermodynamic analysis, oxide 
phase, solubility of oxygen.
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