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The Effects of C, Si, Al, and B on the Activity of Phosphorus in Liquid Iron

Shiro BAN-YA, Nobutoshi MARUYAMA, and Shinji FujNno

Synopsis :

The vapor pressure of P on liquid Fe-P-j (j=C, Si, Al, or B) alloys has been measured by the
transportation method at 1673 K.

The results obtained were treated by the model of interstitial solution proposed by J. Cuipman, and the
effect of alloying elements on the activity coefficient of P in liquid iron was determined by assuming
C and B as interstitial elements and Si and Al as substitutional ones respectively.

The interaction parameters are summarized as follows :

e§=(0 In 7¢/0Xc) Xp,—1=5.431+0.67
e3'=(0 In 7./8Xs)) Xp—1=7.6810.44
e'=(0 In 7p/0X4,) Xp,—»1=3.57+£0.33
8= (0 In 15/0X;5) Xp,—1=1.4940.16
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Table 1. Experimental results of Fe-P-j system
at 1673K.

Heat No. wt%p wt%j Ppy/atm
CP-11 11.2 0. 326 3.79%x10-*
CP-12 111 0. 542 4.46x107*
CP-8 9.03 0.623 2.19%x10"*
CP-13 11.6 0. 961 6.03x1074
CP-5 6. 04 1.04 7.19x107%
CP-9 9.42 .11 4.40x 1074
CP-3 3.69 1.37 2.43%x10°°
CP-10 9.26 1.42 4.48x 1074
CP-1 2.10 1.58 8.74x1076
CP-4 6.17 2.14 1.25x 1074
CP-2 1.89 2.34 9.52x107¢

CPS-1 4.74 3.56 *

CPS-2 4.73 3.56 *

CPS -5 16.5 0. 662 2.44x1073
CPS -3 8.63 2.49 3.98x10-¢
CPS -6 4.17 4.13 2.63x10°4
S1P-14 8.33 0.221 1.13x 1074
S1P-15 1.5 0. 526 4.29x 104
S1P-12 8.72 0. 853 1.41x10°*
SIP-16 1.9 1.23 8.18x10~*
SIP-11 8.68 1.32 2.41%x10*

SIP-3 9.03 2.52 3.46x 10

SIP-7 1.6 2.85 8.67x 1071

SI1P-4 9.33 4.37 6.54x10°*

SIP-1 6.24 5.03 2.63x10°4

SIP 13.2 5. 89 4.09x 1073

S1P-17 12.3 6. 54 4.59x1073

SIP-5 9.51 7.78 1.41x1073

SIP-2 6.61 9.25 6.69x 104

SIP-6 9.52 12.1 4.18x 1073

ALP-2 5.23 2. 46 4.30%x10-8
ALP-5 8.29 2.97 1.69x10*
ALP-3 6. 63 5.64 1.42x107*
ALP-6 7.38 5.70 1.65x107*
ALP-4 5.57 6.72 9.04x10-%
BP-3 11.5 0. 790 3.88%x10*
BP-1 8.62 2.00 1.72x1074
BP-5 11. 4 2.78 5.24x 10
BP-4 7.70 3.69 1.71x 1074

CP : Fe-P-C, CPS: Fe-P-C sat, SIP: Fe-P-Si,
ALP : Fe-P-Al, BP: Fe-P-B
* Pp, was not measured
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—--— Calculated from carbon saturation (1673K)
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Fig. 1. Effect of carbon on the activity coefficient

of phosphorus.
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Fig. 2. Activity of phosphorus in liquid Fe-P-C
alloys at 1673K.
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Fig. 3. Effect of silicon on the activity coefficient
of phosphorus.
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Fig. 4. Activity of phosphorus in liquid Fe-P-j
(Si, Al, B) alloys at 1673K.
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------- K.Yamada and E.Kato (1873K) 04F —o— : . B as interstitial 1
03F
Zo S o 0 ‘ o/
0.2 .21
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0 01 0.2 03

Fig. 5. Effect of aluminium on the activity
coefficient of phosphorus.
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5.5 Fe-P-B %
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Fig. 6. Effect of boron on the activity coefficient
of phosphorus.
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Fig. 7. Effect of phosphorus on the solubility of
carbon in iron.
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Fig. 8. Effect of phosphorus on the activity coe-
fficient of carbon in liquid Fe-P-Cg,; alloys.

log ¢i(sary BRD, Yp LOBFE AL Fig. 8 O X
St sh. Ye<0.36 OHFATIHIZERERAH D, &
RTERTZENTES.
log ¢'E(sat)=3.4‘4’YP (6=0.12)
X YHEEEBREE LTROEIEDNS.

0% (cat)=7.924+075
FCHEERE @) GEELTKROENRELRS.
e2(eat)=9.92+0.75,  €l(gar)=0.074+0.006
LI ED&ERMD 058=7.92 (s£=9.92, ¢=0.184) »
Boh5h, O iBOEIERNE X D R 08
=3.43 (e£=5.43, ¢5=0.094) L AKX BeOTW 5.
ZHIXBRARB G = 7 A2 REMMO X 5 BERK
BHTHONERLZ LR X HDH, TORERBRARHA T
BHENRER, HBARVZ I>THEFEOEANRA LI T

h, SBOBRHVLETHS.
5.7 BHAPRDVADERICRIZIESETROEE

L= AT, WAGNER DIFEIR & logyp DEAHEK
CETALEREARNBIEL LY, —ROMEAE
YERFREE bt/ Lueis & ELLiorr? DEFR L7
BROMEERERL KDL X TES., 25 LTR
DRI OHAEFRERZ —RkOHEEERERE LI

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

element 0} i, s range (Yj) e} o™ o i pBI** el
B —0.51 i <0.22 1.49 1.49 2.15 4,73 0.015
C 3.43 i <0.12 5.43 5. 43 6.10 8.67 0.094
Al 3.57 s <0.14 3.57 0 0 3.57 0.027
Si 7.68 s <0.24 7.68 0 0 7.68 0. 062
P 1.24 i <0.33 3.24 3.24 3.91 — 0. 022
S* 2.76 i <0.11 4.76 4.76 5. 43 8.00 0.033

i: interstitial, s: substitutional
* after S. Ban-ya and J. Chipman (I823K)

w oo d=(1/2)(3% In 15/0X12) xp 1) 7= (1/6)(0% In 1p/0X;3) p —s1s ppP"3= (3% In 10X 8X) g 1
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