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Iron-Molybdenum Phase Diagram in the Temperature
Range of 1360 to 1622°C
Yoshiyuki UesHmMA, Eiji IcHISE, and Toshisada MORI
" Synopsis :

Steelmaking temperature region of the phase diagram for Fe-Mo binary alloy was reexamined by the

heat treatment and microstructure studies of the Fe-Mo alloy samples.
88 at?,Mo were annealed at temperatures 1529 to 1622°C and quenched into water.

Fe-Mo alloy samples of 30 to
The heat

treated samples were examined with optical microscope, EPMA and X-ray diffractometer.
The invariant reaction between liquid, ¢ and Mo solid solution phases is found to be expressed as
a (56 at %Mo) =Liq. (38 at %Mo) + (Mo) (75 at %Mo), at 1610°C,

where values in the parentheses are the composition of the respective phase.

This result is in good

agreement with the results obtained in the previous studies namely Knudsen cell mass spectrometric
measurement of the activities in the Fe-Mo binary alloys and Knudsen cell mass spectrometric thermal

analysis of the Fe-Mo binary alloys.

A revised Fe-Mo binary alloy phase diagram is proposed on the basis of the present results along

with the above mentioned previous results.
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Microstructures of Fe-Mo alloy samples.
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Table 1. Phases in heat treated samples,
Phase identified by
Sample Annealing temp.? Annealing time Composition of sample
No. «C) (h) (at %Mo) Optical X-ray EPMA
microscope diffraction
SH 1 1529 10 38.2 L+ ¢ o
3 1529 0.5 39.2 L+ e '
2 1529 10 47.5 L+ ¢ L+ e
27 1532 2 (45)»? L+ o
28 1532 2 (59 ¢ +(Mo)®’ ¢ +(Mo)
29 1552 2 30.1 L
30 1552 2 34.0 L
31 1562 2 36.4 L+ o
8 1552 4 38.8 L+ o
10 1552 4 59,1 ¢ +(Mo) s, (Mo)
11 1552 4 76.5 ¢ +(Mo)
5 1561 0.5 39.2 L+ ¢
6 1561 0.5 43. 4 L+ e
7 1561 0.5 50.8 L+ ¢
12 1585 4 38.8 L+ o
13 1585 4 44.3 L+ ¢
14 1585 4 59.1 o +(Mo) o, (Mo)
15 1585 4 76.5 o +(Mo) (Mo)
16 1587 4 38.6 L+ ¢ a, €
17 1587 4 4.1 L+ o ¢
18 1587 4 87.8 (Mo)
19 1597 4 38.6 L+ @ g, ¢
20 1597 4 44.1 L+ o G
21 1597 4 87.8 (Mo) (Mo)
48 1597 2 55, 4 ¢ +(Mo)
49 1597 2 (59) ¢ +(Mo)
59 1601 1 (45) L+ e
57 1602 2 49.2 L+ ¢
56 1604 2 (45) L+ a
51 1604 3 (59) ¢ +(Mo)
55 1608 2 (45) L+ o L+ o
54 1609 2.5 (50) L+ o L+ e
53 1610 4 (59) L +(Mo) L +(Mo)
23 1610 2 76.5 (Mo)
60 1611 2 49.2 L +(Mo) L +(Mo)
52 1614 4 (59) L +(Mo) L +(Mo)
37 1618 2 (45) L +(Mo)
38 1618 2 (59) L +(Mo)
24 1622 4 38.8 L €
25 1622 4 59. 1 L +(Mo) (Mo)
26 1622 0.5 76.5 (Mo)
As melt 38.8 3

a) IPTS-68, b) aimed composition,

c) Mo solid solution
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SH 8; 39 at %Mo,
(a) R.E. image structure

SH 10; 59 at %Mo,

(c¢) R.E. image structure

1552°C 4h, W.Q.

(b) Optical microstructure

1552°C 4h W.Q.

(d) Optical microstructure

Photo. 2. Microstructure of Fe-Mo alloy samples.
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Fig. 1. EPMA calibration curve for FeMo alloy.

YRR BT RRHE 1530~1610°C ki b o 1
#, (Mo) 1 HSHIR CTEE L d DT, Z DMK 47.5,
76.5, % X O¢ 87.8 at%pMo XETFWEENIC X oTR
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KES SH-2, 23, 18 Th Y, BEMFRITIEE 10, 2,
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(a) SH 1;38 at %Mo 1520°C 10h, W.Q. L+o
(b) SH 28;59 at %Mo 1532°C 2h, W.Q. o+ (Mo)
(c) SH 8;39 at %Mo 1552°C 4h, W.Q. L+o
(d) SH 10;59 at %Mo 1552°C 4h, W.Q. ¢+ (Mo)
(e) SH 24;39 at %Mo 1622°C 4h, W.Q. L

(f) SH 25;59 at %Mo 1622°C 4h, W.Q. L+(Mo)

Photo. 3.

Microstructure of Fe-Mo alloy samples.

%hy, SH-23(76.5 at9%sMo) o MoL, iz 553810 &
310 EAIE LA, Z OBIE SO o F Mz T
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Trora= —0.8367 xpy,-+0.8151 cereeennnanneennn (1)
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Temperature ( °C)
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Fig. 2. Results of EPMA analysis.
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Table 2. Phase boundary determination by EPMA.

Result of analysis

Sample Annealing temp. Composition of sample Coexisting Analyzed
No. C) (at % of Mo) phases phase with Fe Ka with Mo L« mean
(at % of Mo)
47.1 49.2 48.2
SH 1 1529 38.2 L+ o P 47.5
49.2
SH 28 1532 (60) a+(Mo) o 56.0 56. 4 56. 2
SH 8 1552 3.8 L+ o a 0.2 s 8.5
. 54,2 55. 7
SH 10 1552 5.1 a+(Mo) Mo e 52 R
SH 13 1585 4.3 L+ o ’ 51.2 5.9 - 51.6
{54.1 58. 4 56. 2
4 56. 4
SH 14 1585 59.1 o+(Mo) 56.0 o1 a8
(Mo) {77 o )
SH 55 55. 1 54.0 54.7
1608 (45) L+ o v o2 8 240
, 77.0 72,9 . 75.4
SH 53 1610 (59 L+(Mo) (Mo) 77.6 73.1 :
‘ 72.7 75.1 74.5
SH 60 1611 (50) L+(Mo) (Mo) ra.2 .2
74.0
SH 52 1616 (59) L+(Mo) (Mo) 6.3 .0 74.6
1700 T T r A T T —
l, i ll
)
1600 2 (Mo) 7 @ L, ® Lig, O: g, O o+
——————— (Mo), @: (Mo), ®: L+ (Mo)
O 1500 ; Al . Determined by microstructure obser-
26 A \ vation & X-ray diffraction.
5 1400} Y 13 __E];{ At \ | E% I;I\;’:ase boundary determined by
o o 2_160_ o 2L T7) Metals Handbook ’ . ;
© i ||l ——" Gibson etal ====: Invariant reaction
o i . .
£ 1300 1 ¥ Sykes 1 determined by mass spectrometric
2 ! ===)This study thermal analysis.
1200 — ' i Fig. 3. Revised Fe-Mo binary alloy
m i —\ phase diagram.
]
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W, fiti Fe OSfha< 1~2° RO AEE THE Fe %
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