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Effects of Ti, V, Cr, Mn, Co, Ni, Cu, Nb, Mo, and W on the
Activity of Phosphorus in Liquid Iron

Shiro BAN-YA, Nobutoshi MARUYAMA, and Yukio KAWASE

Synopsis:

The vapor pressure of phosphorus on liquid Fe-P-j (j=Ti, V, Cr, Mn, Co, Ni, Cu, Nb, Mo, or W)
alloys has been measured by the transportation method at 1673K.

The results obtained are treated by the model of interstitial solution proposed by J. CHrpmaN, and
the effects of alloying elements on the activity coefficient of phosphorus in liquid iron are determined
by assuming that all the alloying elements studied in the present work are substitutional.

The interaction parameters obtained in this work are summarized as follows:
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Fig. 1. Effect of titanium on the activity

coefficient of phosphorus in liquid iron. Ti,
substitutional.
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Table 1. Experimental results of Fe-P-j system at 1673K.

Heat No. wt% P wt% j Pp,fatm Heat No. wt% P wt% j Pp,/atm Heat No. wt% P wt% ] Prp,/atm
TI- 7 8.57 2.56 3.10x 1073 CcO-21 11.2 10.9 1.93x 104 CU-2 12.1 5.30 7 69x10°°
TI- 8 10.2 6. 87 3.69x10-3 CO-23 11.2 10. 9 1.23x10~* CU-6 9.24 6. 65 3. 77x 10753
TI- 2 12.3 7170 2.10x10-3 CO-53 6. 61 12.8 2.81x10°% CU-9 9.39 8. 40 6.36x10°3
TI- 6 13.5 10.8 2.52x 103 CO-54 6. 61 12.8 2.48x10-% CU 10 9.39 8. 40 7 38x107°
TI-10 11.2 11.6 3.04x10-° CO-13 11.0 14.3 1.67x10"* CU- 4 12.3 9.91 7 07x10 °
TI- 9 13.8 12,1 2.08x 10-° CO-52 6.10 18.8 5.35x 105 CU-3 12.3 9.91 5.94x10 8
TI- 3 12.3 12.3 1.01x10-% CO-51 6.10 18.8 5.99x10-%

CO-1 10. 8 23.5 1.25x10-* NB- 5 9.56 5.69 4.84x10°%
V-1 8.88 3. 14 3.23x10-3 CO-5 10. 8 23.5 1.20%10"* NB- 3 11.5 8.63 5.04x 1075
V-8 11.3 6.27 4.68x 10 CO-48 6.33 24.5 2.50 x 10-9 NB- 4 11.7 10.0 5.91x10753
V-6 13.5 6.71 9.22x 103 CO-~49 6.33 24.5 6.37x10°° NB- 6 12.2 11.2 3.93x10-%
V-5 11.5 8.55 1.58x 104 CO-~50 6.33 24.5 5.80x 10-3
V-3 13. 4 11.6 2.15x10°3 CO-47 6.33 24.5 3.85x10°3% MO-18 10.1 5.43 5.55x 108
V-7 10.8 12.3 4.85x%10°3 MO-16 10.6 11.6 6.20%x10°°
V-4 12.7 12.8 3.68x10-° NI-31 9.34 6.38 7.91x10°% MO-10 14.2 15.0 3.24%x107¢
NI-26 5.03 8.18 5.95x10-3 MO- 9 14.2 15.0 2.88x10"4
CR-2 10.1 3. 14 7.59x10-% NI-45 6.93 10.8 6. 41 x 10~8 MO- 7 13.7 15.8 6.86 x 1075
CR-1 9.76 4.86 7.00x 10~ NI-46 6.93 10.8 4.88x10-% MO- 8 13.7 15.8 6.91x10°5
CR-3 13.6 7.99 1,26 x10-4 NI-32 9. 44 12.0 1.51x10-* MO-15 9.05 18. 4 4.03x10°5
NI-23 5.86 12.4 5.64x 102 MO-20 12.0 20.8 6.82x107°
MN- 7 10.6 4.55 5.70x10-3 NI-27 12.9 12.5 1.57%10"* MO-14 11.9 25.7 6.26x107%
MN-19 10.6 9.36 3.10x10-3 NI-24 8.12 13.2 7.13x10°8 MO-13 11.9 25.7 6.49x10°9
MN- 4 9.43 9.55 3.21x10-3 NI-18 9.63 14.5 7.52x10°9°
MN-15 8.95 9.62 2.54x10-5 NI-37 6.03 14.5 5.91x10-° W-1 9.03 4,42 1.11x10™*
MN-10 10. 1 14.0 2.64x10°% NI-48 6.15 15. 4 2.90x10-° W-2 9.76 6.31 4.47x107%
MN- 5 13.5 14.3 3.34x10-5 NI-28 12.5 17.1 1.54x10~4 W-4 10.6 8.42 4.80x10°3%
MN- 1 13.5 14.5 3.94x107% NI~-25 7.89 17.1 3.32x10°% W-3 11.0 10.4 5.14X 1073
MN- 2 13.5 14.5 7.07x10-% NI-49 9.76 19.9 1.32x10™¢ W-5 12.5 12.6 7.68x 107
MN-13 13.5 19.1 3.23x10-5 NI-33 9.77 22.5 1.17x1074 w-7 13.0 20. 3 9.63x10°3
‘MN-12 13.3 19.2 3.73x10-% NI-30 13.1 23.2 1.53x107¢ W-6 13. 4 21.3 4.32x10°3
MN-20 13.3 19.3 4.96x10-5 NI-38 6. 66 25.1 4.70x10°%
NI-34 9,22 28.3 1.08x 101

TI: FeP-Ti, V:FeP-V, CR:FeP-Cr, MN: FeP-Mn, CO: FeP-Co, NI: FePNi, CU: FeP-Cu,

NB: Fe-P-Nb, MO : Fe-P-Mo, W: FeP-W
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Fig. 2. Effect of vanadium on the activity
coeflicient of phosphorus in liquid iron. V,
substitutional.
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Fig. 3. Effect of chromium on the activity
coefficient of phosphorus in liquid iron. Cr,
substitutional.
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substitutional.
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Fig. 10. Effect of tungsten on the activity

coefficient of phosphorus in liquid iron. W,

substitutional.
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Fig. 11. Comparison of the effect of alloying
elements on the activity coefficient of phospho-
rus based on mole ratio at 1673K.

log 7p=0.54Yp—8.41 Yy -+ log (Zp/Xp)
log yp=1.41Xp+1.41X3+1.70X 3 —8.41 Xy
—8.41 Xp Xyt eoevreres
e¥=—-19.44+3.9, ¢¥=—0.02340.005
Z S CHRPERRC AT, REOD Fe-N-W Rafl
wEBHE, #ibir 188K 1€ ef =—4.6 #8ELC
W, HIERECEIXD LD, % OOMKEN LEMICHE
ETHERFROMINIB/ELELVEDD. Ll
D, DADERCRIET 2 v /AT vOEERAIE
LD AREDOAXTH Y, BEHEILERTOREILTE
o,
4.2 FHRIBEFARKOBAR
A TG E Lic 10 THRE ZORIHY? THEL
L7 P, G, Si, Al, B 05 mHREROWT, BFZFDDH
ADTEBRBCRET A OAESTLROEEYILDT
Fig. 11 3. ARCRERO o Hh#EOFE D

— 70 —



Békho ) ADFERIZRET T4, V, Cr, Mn, Co, Ni, Cu, Nb, Mo, W g4 71

Table 2. Effect of alloying elements on the activity coefficient of phosphorus at 1673K.

element (j) ), i,s range (Y;) e}, p-{,* TJP* p;,l* e},
Ti -11.0 s <0.16 —-11.0 0 0 —1L.0 —0.056
v —8.67 s <0.16 —8.67 0 0 —8.67 —0.042
Cr —-9.34 s <0.10 —9.34 0 0 —9.34 —0.044
Mn —7.17 s <0.23 -7 17 0 0 -7 17 —0.032
Co —1.17 S <0.26 —1.17 0 0 —-1.17 —0.0046
Ni —1.47 s <0.30 —1.47 0 0 —1.47 —0. 0059
Cu —9.42 s <0.10 —9.42 0 0 -9.42 —0.035
Nb —16.1 s <0.08 —16.1 0 0 —16.1 —0.040
Mo —7.26 s <0.20 —17.26 0 0 —726 —0.017
w —19.4 s <0.09 —19.4 0 0 —19.4 —0.023

i: interstitial, s: substitutional

* b= G I 1/3 XPxpe-ss 4=(1/6)3? In7y/d XD, pBI=(@ In 1,/0 XeX)Ixpet
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Fig. 12. Comparison of the effect of alloying
elements on the activity coefficient of phos-
phorus based on mole fraction at 1673K.
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Fig. 13. Comparison of the effect of alloying
elements on the activity coefficient of phospho-
rus based on weight percent at 1673K.
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Atomic number

Fig. 14. Relation between atomic number and

interaction parameter of phosphorus, ¢} in liquid

iron alloys.
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