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Synopsis :

Heats of mixing of liquid iron with a few metals, having higher melting point than iron (i. e., chro-
mium, molybdenum, tungsten, vanadium, niobium or tantalum), were measured at 1600°C by the
developed isoperibol calorimeter. The method for measuring the heat of mixing of a liquid metal and
another solid metal was checked by comparing the heat of mixing of liquid nickel and solid iron with

that of liquid nickel and liquid iron.

The experimental errors were estimated to be less than 1595 for the cases that a liquid metal was

mixed with another solid metal.

Heats of mixing of binary iron alloys, for which the both reference states were liquid, were cal-
culated by combining the present experimental results with the previously reported thermochemical
properties. Mixing of liquid iron with liquid chromium, molybdenum, vanadium, niobium or tantalum
was an exothermic reaction, while mixing of liquid iron-tungsten was endothermic.
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10 1 Liqud metal
2 Solid (or liquid) metal
3 Beryllia tower crucible

4 4 Beryllia upper crucible

i.e
12 (calorimeter block)

1-6 5 Almina isothermal jacket

H-1—1
H+5 6 Alumina fumace tube
—9 7 Thermocouple for measurement
—3 (PtRh(13%) - Pt)
8 8 Internal heater for calibration

z = {Pt-Rh wire)

LR S ) -7 9 Thermocouple for regdator of
A Q

0_ ..t Q furnace temperature
RPN { PtRh(13%) - Pt )

( QD Q QOQ 10 10 Alumina brick

P "Q N S 11 Alumina tube

s o " 12 Beryllia stopper
U (J|a® 2 2

Fig. 1. Calorimeter assembly.
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Fig. 2. Heat of mixing of nickel-iron alloys. Fig. 3. Heat of mixing of iron-chromium alloys.
Table 1. Experimental data of liquid iron-chromium alloys (1 590°+10°C).
Heat of mixing
Heat No. Sample wt. Composition tmix AOpmnx 40,645 Heat capacity of cal/g-atom
g-atom at. fraction H °C °C the calorimeter
Xer W, cal/°C 4HR 4HM
' Solute_Fe . 55.9 cal/g-atom of
FF-1 0.673 Fe-Fe 23 1. 0.10 31.1 solute Fe
FCr-3 1.001 0.05 51 2.04 0.29 44.6 50 —180
FCr-4 0.891 0.15 74 8.28 1.88 34.8 350 —340
FCr-6 1.049 0.19 106 7.08 1.94 71.1 570 -310
FCr-7 1.099 0.10 70 7.16 1.71 32.4 210 —250
FCr-13 0.883 0.05 16 5.12 0.41 31.9 150 — 80
FCr-15 1.007 0.31 88 20.58 3.35 32.6 740 —690
FCr-16 0.972 0.104 68 7.44 1.91 31.4 250 —230
FCr-20 0.815 0.15 41 13.03 3.82 29.5 560 —130
FCr-22 0.855 0.15 50 11.93 3.02 27.8 440 —250
FCr-23 0.837 0.15 53 9.40 2.31 36.2 460 ~230
FCr-25 0.835 0.21 68 5.07 0.80 78.2 510 —460
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Fig. 5. Heat of mixing of iron-molybdeum alloys.

Table 2. Experimental data of liquid iron-molybdenum alloys (1 575°+15°C),
Heat of mixing
Heat No. Sample wt. Composition Imix 40 o x 401055 Heat capacity of cal/g-atom
g-atom at. fraction s °C °C the calorimeter
Xuo W, cal/°C AHR AHM
; Solute Fe . —213 cal/g-atom of
FF-2 0.520 Fe-Fe 15 -1.90 —-0.13 34.8 solute Fe
- Solute Fe - —201 cal/g-atom of
FF-3 0.518 Fe-Fe 8 —2.10 -0.06 48.3 solute Fe
FMo-1 0.581 0.10 17 7.58 0.68 25.7 550 —420
FMo-2 0.649 0.20 30 11.96 1.63 48.7 1200 —760
FMo-3 0.542 0.05 18 1.72 0.13 48.1 360 —130
IFMo-4 0.740 0.30 30 36.60 3.35 42 .4 2400 —490
FMo-5 0.603 0.15 19 17.65 1.49 36.0 1300 - 140
FMo-6 0.694 0.254 20 26.83 2.37 38.5 1800 —600
- Solute Fe —66 cal/g-atom of
Fr-4 0.673 Fe-Fe 30 —-0.95 —0.03 45.3 solute Fe
FMo-7 0.775 0.13 15 18.96 2.21 40.9 1200 -290
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Fig. 6. Heat of mixing of iron-tungsten alloys.
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Fig. 7. Heat of mixing of iron-vanadium alloys.

Table 3. Experimental data of liquid iron-tungsten alloys (1 5904 18°C).

Heat of mixing

Heat No. Sample wt. Composition tmix d0max 4005 Heat capacity of cal/g-atom
g-atom at. fraction s °C °C the calorimeter
w W, cal/°C 4H® AHM
Solute Fe —156 cal/g-atom of
FF-5 o 404 Fe-Fe 15 —1.52 —0.06 48,7 o et
TW-3 0.552 0.05 23 4.08 0.44 39.9 470 100
FW-6 0.535 0.025 14 1.69 0.07 38.6 280 90
FW-7 0.540 0.075 28 7.88 1.14 36.0 750 190
Table 4. Experimental data of liquid iron-vanadium alloys (1600°C 4 10°C).
Heat of mixing
Heat No. Sample wt. Composition Imix 40 ax 40155 Heat capacity of cal/g-atom
g.atom at. fraction s °C °C the calorimeter
Xy W, cal/°G 4HR AHM
- Solute Fe ; —92.5 cal/g-atom of
FF-6 0.446 TFe-Fe 23 —0.79 -0.30 37.8 solute Te
FV-1 1.147 0.20 10 —4.89 —0.21 37.5 -9 — 1100
Fv-3 0.954 0.30 11 —6.62 —0.34 33.7 —180 — 1700
Fv-4 0.613 0.50 41 5.72 1.22 28.4 370 —2200
FV-14 0.862 0.40 60 1.90 0.55 35.0 160 — 1300
FV-15 1.328 0.10 31 —~3.45 —0.79 35.4 -~ 30 —550
FvV-16 0.622 0.56 35 7.52 3.68 33.7 650 — 2300
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Table 5. Experimental data of liquid iron-niobium alloys (1600°4-13°C).

Heat of mixing

Feat No. Sample wt. Composition tmix A0max 40,655 Heat capacity of cal/g-atom
g-atom at. fraction s °C °C the calorimeter _—_—
- XNy o W, cal/°C 4HR AHM
- Solute Fe . y —39.4 cal/g-atom of
FF-7 0.516 Fe-Fe 12 —0.52 —0.04 36.3 solute Fe
FNb-1 1.046 0.10 14 —7.37 -1.36 28.3 —200 —850
FNb-2 0.856 0.20 33 —9.49 —1.02 40.0 —460 — 1700
FNb-3 1.005 0.05 13 —6.34 —-0.38 33.6 —190 —500
FNb-4 1.044 0.15 30 —8.92 —1.19 36.7 —320 - 1300
FNb-5 0.719 0.25 51 —11.28 —1.60 43.6 —750 — 2300
Table 6. Experimental data of liquid iron-tantalum alloys (I 593°+6°C).
Heat of mixing
Heat No. Sample wt. Composition tmix AOmax 401655 Heat capacity of cal/g-atom
g-atom at. fraction s °C °C the calorimeter
: PN W, calf°C 4dH® 4HY
e Solute Fe - —44.9 cal/g-atom of
FF-8 0.690 Fe-Te 14 —0.96 —0.06 30.4 Solute Fe
FTa-1 1.018 . 0.025 40 —2.01 —0.16 63.0 -90 —230
FTa-2 1.024 0.049 32 —7.26 —1.24 35.4 —250 —530
FTa-3 1.070 0.073 45 —9.12 —1.70 32.7 —290 -710
FTa-5 1.093 0.10 40 —11.40 —1.59 37.7 —410 —980
FTa-6 1.120 0.114 50 —12.20 —2.03 41.0 —480 - 1100
FTa-8 1.096 0.15 41 —15.00 —2.38 33.8 —500 — 1400
O T O T T T
- 1600°C 1593°C
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Fig. 9. Heat of mixing of iron-tantalum alloys.
Fig. 8. Heat of mixing of iron-niobium alloys.
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L EE-BREEC I >TE LN ERETH D BEE
AHR 8z R oW -RRA OB& L ik £15% L
TTharLELLND.

=77 (b) Tk} % BLFEHE DV T ERHED /s
<, HERETHOID, o ERET HoTH 5000
cal/g-atom 5t L £800cal BEOEEOMEIE L, &
OEPRPI R IELEDRAROEEY RELELTDH. T
e = o 5 A ERO T L, RAEBOSOBLE
KB OREI EVEEAT B-REAEY RE LICRE
E#EORABC OV T L RGFELOREDOEE L I12IEH
BEORBERXHTES.

DI EABF R X b BLH s FBREORKE T B-IRES#
AdHR Pk bhtc. L2 T, EEROEBHESE
B L OB B OEBHISTC R TH, BalRE
CHEL R R T HERAERXE L —FRE LT
AERIBYTHIBHEELBRS.

4. hey %
(1) 1500°C i\~ T @ = » & V-EFEEgO BE
SHEEEAT\, BAE JHR H R0, E-HESTI5E

BT O LR TER L.

(2) 1600°C T\ ~Tik-2m &, §E-TV 77 v,
Be-n VITAT V, P-Rr v a, F-=ATF, -2V
2 VEFOBREE AHR 2 IE L.

(3) Bohi B-HESED L BLFEREZ HT
PET 5 2 & X D IREEEOREE JHM wRDTC.

Wi iz, APFRERTCHIy, HE I,
BIIEE, RARMH, WL%¥ts JORERY Y
BIRIFE, AIFARTR, BERICHE TSI &
HLET. ROUKIBHEHETE, MiEE B  LIcE
ek THEMERBLER, BEEMBIRE < BEHHL
3
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