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The interaction coefficients between Sn and Mo, B, Ni, Ti, and Nb in

molten Fe, between Sn and Mo, B, Ni, Ti, and Nb in molten Fe-18Cr, and between Cu and M (Mn, Cr) and

Sn and Mn in molten iron were measured to establish a thermodynamic database necessary to
understand the behavior of tramp elements in molten iron. The thermodynamic database, which is
essential to understand the behavior of tramp elements in molten iron, was established. Furthermore,

as thermodynamic data of rare earth elements, the deoxidation and desulfurization equilibria of La
were measured, and the interaction coefficients between La and M (0, or S) were obtained. Using the
derived thermodynamic data, we analyzed the crystallization and precipitation reactions at the
solidification interface and developed a model that can control the type and amount of
crystallization products depending on the amount of La added.



Cu Sn
Cu

Cu-S

REM

@

G? i Gibbs
Gibbs

X (a; =y X x;)

Cr
Cr

@

& j [

Ag Sn

Cu
6-8)

9

Cu, Sn

i
G; =GP +RTIng
a;

Yi

Ag Fe
Fe Ag
Fe-Ag

2 Cu
(REM)
REM
Gibbs G
i
i
i Vi

— j
INYi (in Fe=i-j) = INVi (in Fe-i) * & %;

(

Fig. 1

1

3-5)
(1)
a;
Yi
J
2




lAr

Alumina tube

Mullite tube

Electric resistance heater

| I- Alumina crucible

| L—Alumina crucible

Silicone rubber

outgoing gas

For Mo, B and Ni
Ag

Cr

Sn

L

M (Mo, B or Ni)
Fe

~— Alumina crucible

For Tiand Nb
Ag

Cr
Sn
Fe-15mass%Al

M (Tior Nb)
Fe

~——— Alumina crucible

Fig. 2
Fe-Ag Fe-18mass%Cr ( Fe-18Cr)-Ag Sn
M (Mo, B, Ni, Ti or Nb)
Fig.1 ( 70mm, 60 mm,
1000 mm) ( 38 mm 34 mm 45 mm)
( 15 mm 12 mm 100 mm) Fe Ag
Sn(, Cr) M Ti, Nb Ti, Nb
Fe-15massyAl
Mo, B, Ni Table1 Ti, Nb
Table2
( 45 mm 38 mm 128 mm)
Ar 1873 K 5h
Fe, Ag ICP
Fe-Ag (Fe-18Cr)-Ag 40 : : : : : : :
Sn L’sh = Xsn (inAg)
! Xsn (inFe)y L sn = Xan (inAg) / Xsn (in Fe-18¢r)
Xsn (in ) a Sn
Fe-Ag Fe-18Cr- 30t <
Ag L’sh M (M: Mo, ®
B, Ni, Ti, Nb) Fig. 3,4
Sn , Fe-Ag - L 4
(Fe-18Cr)-Ag \ Mo, B, Ti, Nb _(?_5 20 ° .
Fe Fe-18Cr Iy
Mo, B, Ti, Nb  Sn A AA
Ni  Sn 10} A ® : Fe-Ag-Sn -
sn Mo, B, Ni, Ti, s ETAT e
Nb A : Fe-Ag-Sn-Ni
X : Fe-Ag-Sn-Ti-Al
0 . . . o Fle—Ag—ISn —Nt?—AI
Eév:f&n vy = 6.6(+4.9), 0 0.02 0.04 0.06 0.08
ean ey = 9.9(1.2), X nre )
E3n(in Fe) = —6.8(X1.7), Fig. 3 Fe-Ag Sn

Edngin Fe) = 6.83(1£1.2),
E3ntin Fe) = 36.1(£1.7),

M



‘Sg:l?in Fe—18Cr) =-29 (+32) 60 T T T

ESn(ln Fe-18Cr) — =96 (+1 9)
sSn(m Fe— 18Cr) = -89 (+2 6) B T
ESn(ln Fe-18Cr) — =104 (+5 7)
gSn(ln Fe—-18Cr) — =205 (+8 O) 40t L
L 4
—_ L 4
Tz e
Fe-Sn-M 3 & PP X x ® o .
Toop FeSn- =~ ot®y, , ¢
M M ‘L ‘5.33‘ N
) 10 200 ¢ “a I
I — © : (Fe-18Cr)-Ag-Sn
NYM (in Fe-Sn-M) — m : (Fe-18Cr)-Ag-Sn-Mo
- ¢ : (Fe-18Cr)-Ag-Sn-B g
INYa (in Fe-m) 3 = + A : (Fe-18Cr)-Ag-Sn-Ni
M X : (Fe=18Cr)-Ag-Sn-Ti -Al
INYM (in sn-m) -(1- @ : (Fe-18Cr)-Ag-Sn-Nb-Al
XFe +x5n 0 1
o 0 0. 02 0.04
AG™"Fe-s
) RTe . @ XM (inFe-18cr) (O)
Fig. 4 Fe-18Cr)-A
NG g (Fe18Cn)-Ag
Sn M
AGExFe—Sn = RT{xFe Ir])/Fe (in Fe—Sn) + Xsn InVSn (in Fe—Sn)} (3)
K1 Xpe + Xsp = 1
INyy ¢ = Iny?® + e3n
¥M (in Fe—Sn) )4 M(in Fe) €M(in Fe)Xsn
= xSHInyOM(in Sn) + (1 - xSn)InVOM(in Fe) {xSnInySn (in Fe-sn) T (1 -
xSn)InVFe (in Fe—Sn)}
4
InyFe (in Fe-Sn) ~ 0
Slsvlm(m Fe) = INVR1(in sm) — |”an(in re) ~ INMYN(in Fe) ®)
FeCr Sn-M , (5 Fe FeCr (6)
M — Iy/0 0 0
€sn(in Fe-Cr) — InyM(in Sn) InySn(in Fe—Cr) — InyM(in Fe—Cr)
— Iy/0 0 C 0 C
= INVMein sn) — UNYsn@in Fe) + fsﬁ(in rey¥cr) — (INYman re) + SMr(in Fe)Xcr) (6
5.6 0 “
— o
Sé\f,(m Fe—18Cr) — Sé\f,(m Fe) — (€Srl;(in Fe) + r gb
gfflr(in Fe))xCr(in Fe—18Cr) ) 30: Pbg
§ 201
5) Fe-M, Sn-M 2 = - B
S
M Fe SnM | g
S F Cr 1
g [ )
;{ 0
M = - Ni
2 101 Cu
0 GE) 0 £
Y "M(in Fe) " Y M s -
12-14) ,,0 1)(=2.58) © =20
Vsn(in Fe,1873K) - O This work
(5) -30r @ Literature
Fe ( W
11.15)) 40 30 20 -10 0 10 30 40
Fig.5

Fig- S) Sgﬂn(in Fe)

eévrll(m re) Regular solution model



Ti Cr Cu Ni '
Pb, Nb g | ' ONb 1
© |
< |
(6) ‘§ 20} | .
Fe-18Cr Sn-M £ i B
" S Tie ® T
Fe Sn-M €sn(in Fe) LUA 3
g O T TOCGAREEEERPRREERE
Sgrrw(in Fe) SCMr(in Fe) W b Niy” Moe
Fe-18Cr gt Ni } .
Fig.6 =2 }
B Ni Ti Sn = -20¢ | -
Nb s ' e:MinFe-18Cr -
o | o:MinFe
- . s . | s s .
Sn %o 20 0 20 40
gg(in Fo)r gg”n(“e,mr) , Regular solution model
Fig. 6 ¥\(in Fe—150n)
Fe
Sn Mo, B, Ni, Ti, Nb
Fe-18Cr Sn Mo, B, Ni, Ti, Nb
Cu-M (Mn, Cr) Sn-Mn Cu-M, Sn-M
(REM)
REM
La La M
G.9
La
Fe-18Cr Cu, Sn La
1) : CAMP-1S1J, 22(2009), 846.
2) 88(2002), 142.
3) Kondo et al.: 1S1J Int., 55(2015), 1044.
4) : CAMP-19J, 29(2016), 305.
5) : , 102(2016), 80.
6) : CAMP-191J, 27(2014), 310.
7) : CAMP-191J, 25(2012), 1080.
8) : CAMP-19J, 28(2015), 182.

9) M. Hatano, H. Matsuyama, Y. Tamura and T. Morita: Nippon Steel Tech. Rep., 416 2020 , 40. (in
Japanese)

10) H.Ono, D.Hirai and T.Usui: J. High Temp. Soc., 26(2000), 139.

11) The Japan Society for the Promotion of Science, The 19th Committee on Steelmaking: Steelmaking
Data Sourcebook, Gordon and Breach Science Publishers, New York, (1988).

12) I. Sato and Y. Inoue: Mater. Trans., 52(2011), 704.

13) T. B.Massalski: Binary Alloy Phase Diagrams, 2nd ed., plus updates, ASM International, Materials Park,
OH, (1996), CD-ROM.

14) R.R.Hultgren: Selected Values of Thermodynamic Properties of Binary Alloys, American Society for
Metals, Metals Park, OH, (1973), 19.

15) Thermodynamic Data for Steelmaking, ed. by M.Hino and K.Ito, Tohoku University Press, Sendai,
(2010), 260.



Hideki Ono and Jingo Aboshi 59

Distribution Ratio of Copper and Tin between lIron and Ca-Pb alloy at 1823 K 2019

IS1J International 703-708
DOI

10.2355/isijinternational . ISIJINT-2018-420

Hideki Ono 985

Removal of Tramp Elements from Molten Iron for Recycling Ferrous Scraps 2020

Materials Science Forum 74-79

Dol
10.4028/www.scientific.net/MSF.985.74

11 1 7

Fe-18mass%Cr Sn Mo, B, Ni

180

2020

Hideki Ono, Koga Hori

Thermodynamic interactions between tin and alloying elements in molten Fe-Cr alloy

11th International Conference on Molten Slags, Fluxes and Salts (MOLTEN 2021)

2021




Hideki Ono, Kenji Taguchi, Katsuhiro Yamaguchi, Tateo Usui

Methods to Remove Tramp Elements in Steel for Recycling Ferrous Scraps

2019 - Sustainable Industrial Processing Summit & Exhibition

2019

Koga Hori and Hideki Ono

Interaction Parameter between Cu and Cr in Molten lron

14th International Conference on the Physical Properties and Application of Advanced Materials

2019

Hideki Ono

Interaction Parameters between Sn and Alloying elements in Molten Iron

14th International Conference on the Physical Properties and Application of Advanced Materials

2019

1873 K Sn Ti, Nb

178

2019




Hideki Ono

Determination of Thermodynamic Interactions between copper (or tin) and alloying elements in molten iron

16th Discussion Meeting on Thermodynamics of Alloys

2018

Hideki Ono

Interaction coefficients of alloying elements on copper and tin in iron

7th International Congress on Science and Technology of Steelmaking

2018

Hideki Ono

Removal of Tramp elements in steel for recycling ferrous scraps

13th International Conference on the Physical Properties and Application of Advanced Materials

2018

177

2018




2018




