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Thermodynamics on the Formation of Non-metallic Inclusion of Spinel (MgO+Al,0;) in Liquid Steel
Hivoyasu Iton, Mitsutaka Hino and Shiro Ban-va

Synopsis : The non-metallic spinel inclusion, MgO* Al, O3, has a high melting point, and produces an undeformed C-type inclusion
in steel products. Therefore, it is very harmful in the production of high grade wire, spring and bearing steels. Thus
it is necessary to develop a methodology by which we can predict the occurrence of such inclusion.

Dolomite crucible was used to increase the magnesium content in liquid iron in the present experiment on ther-
modynamics of spinel formation.

Discussed is the thermodynamics of the formation of spinel non-metallic inclusions during co-deoxidation with
aluminum and magnesium in the present work, based on the previous work of deoxidation equilibrium with magnesium,
calcium and aluminum in liquid iron by the authors in order to evaluate the activities of oxygen and dissolved deoxidizers
in the thermodynamic description by the first and second order interaction parameters including the cross product

terms.
secondary steelmaking ;
parameter.
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Fig. 1. Relation between (mass % MgO) in dolo-
mite crucible and the dissolved elements in
liquid iron at 1873K.
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Fig. 2. Concentration change of the dissolved ele-
ments in liquid iron after addition of Al at
1873K.

BB L, ks CEERE LR L LTY R A,
ICPHFN A4 - TAL Mg, Ca® T8 L1, REHoOES
FOERIIE, PNEMEY R A > 7w 2 B AR AMEUILS: 2
He 72, AIEHED0. Imass% UL EO#EHZ > T, H 6
P C oA AR SR Bk 2 A RaRK) L RIRE TR Rh S
¥AHI LIS Y aNrRRE R NRICH A 72,

4. REREREER

4.1 FEHIEFRHORE

Na<A a2 @%H1z, 1873KIZ0) 5 Al M &=
Bl 0T, AR AR REEMMIC AT 2 B EiL %,
MgO/CaO=40/60 (B &) D 5 DX 2/ L TH#H-~,
Fig. 2 12 2 D#EH 2R Lc, Zi1d b, BEEEAIIE A30min
VIO Bl il s 2z > T b, AREA60min
PRI LT 2 2 LM T H B LB LT,
4.2 SREREMEBBEERWHER

FERAER L L AUL, A YA VO 4K IEMgO/Ca0>90/
0GR oM IR LT w12, 208 DCa0EH =R
#10mass% LA Tk A AR 8T, TFHiECa0
I L UMEODATH - 12, REBRKETRHE L 12D
MEEIZIE A DIERPIREAL TV 2B N b H 3,
4.3 FOZA FB20FHND(Mg0/Ca0) kb & B EE 4 5 1148

(2] SFER

Fo=A4 b 22030 (MgO/CaO) UKLz X b ED L 5 7%
BB MR T 2 2 2 HEE T 2 00, EERICHEHT
5 Fa=A MHOMBUIAEL T, CaO-ALO,-MgOZD
ZICRIRENY L b, (MgO),(Ca0) ,,-ALO; R DEE TR
REHOER 2 kA2, HAERK N v~ 4 b OREHK




R CE B HEMgO/Ca0=40/60, ¥ L UARERT A ¥ A v
DT L 72 MgO/Ca0=90/100 _ffil 2 {5 & L TFig. 3
R LT, B4 b 1873K T idMgO/CaO=40/60D 54, 52
mass%ALO LI E DM T, & 7:Mg0O/Ca0=90/10D%;
£, 15mass%ALO; LI ET, MgOFR DA 1L AL O, b &
GHELI 2T LT ACHAVIEET 5, 20 s Y B
HERE L TPEDALODEKRLTY, Fue=A4 o
MO DM T 213 £ A AR LT { 72 5 i

2l s 2 LPHEEE S LB,
4+4 REXRINERIZEET BAl, Mg, Cab &L UBERIZ{RD

3=

No=4 b22%HORESZOAINE FHEERIZI
T, Mg, Ca, Al, ¥ & CEBEEVHA ST 5 KROM
HIEAREK, Borzaexral s VHYEET 2L H
B, 2T FNu=A P22 X% HOBESROAEEE, D5
VIR AT ADIE P HCIAKOAIBEERZ, AEA
v (MgO- AlLQ;) AR T 2 R ZEH LT, »§1840, paan,
B L e deE LTz,

2 ANV P DIEAR BT H 5
B(4)RXTHEa3n s,

(3) ROFHE B Kugo 100

MgO+ AL O, (s) =Mg+2A1H40 eereerrerrerneenns (3)
Kiigooarsos = Qg @ Go™/ Gygo.arso, +etresmmesmeemesenes (4)

MgO-«ALO, » R U 720, augoano.= 1 DT, (4)3Ri
Kygo.aro.= [%MgJ [%Al]z[%o]4.f]-\/[g 'ﬁuz'ﬁ)4

LERTIEDTE B, 0B A2 DOPHE K veo.a1.0.42(6)
RTEFTIENPTS S,

EMRTO A €A (MgO-ALOy) EEBATEH AR T 2 2=

SRR, BLOBARMWE, EHATEOLA
(L BT P mass % - TR A RIS TH 5. HijFRS
LRBEIC L T(5)ROMWIEOMEE L H, —KEZRKRDOHM
HAERARETHERT 52 L ()Xo s,

10gK "wgo.a1:0. =108 K ‘wgo.ar.o. T (effh 268 +def M [%0]
+ (2 +2eM0+4e8) [ % Mgl + (efd) +2e8"+4e)
[%AL]+ (el + 22450+ 4e®) [%Cal + (# Q4 +27)
[2%0]2+ 4789 %Mg]2 + 47V % Al]? +47$2[%Cal?
+ (e + 27420+ 47120) [ % Mg] [ %601 + (#4°
+ 27300+ 47800) [9FAT] [ % O] + (7§80 + 27520
+47629) [%Cal[%0] +4 (3= 0[%Mg] [2%6 Al] +
rEaan[90Ca [ %Al + rEaMo[%Cal [%6Mgl) -+ (7)

72170, e (=—0.017 at 1873K) (>t TidMizin 69,
ed (= —0.072 at 1873K) «= 2 \> TidSponseller 5 'O fE %
WL, 72220 TIHATHRS® L [ARIZ 0 EAL LT

73 RO EER IR D C T, AEREHC
T Mg-Mghil, Mg-Cafl, O-OfI O FAEH 11 13Mg-Of#,
Ca-OMl, Al-OMOMHEAEM Nz L T-Hrishd v
LATTAREI NS 2L, D6 03 EE RELAIE AR O AR
SEHEFME O & 4 - T 5 Larson & Chipman®D 7 — X &
REMT L T4, BERRUAAFMEO SRE S T, 0L LTR

VIR REEEG B D L b 5507, pQIBAD pOMEAD S CaAD p(CaMe)
FEaMD) S (CaMB) LMD LD pCa) pem LO1D LADIZ ST, L3
& Hfﬁ@@lﬁhﬁ [9 7?\%,7 5\01) 7(\?10) 7,(Ca ,0) ;,(Alca) 7,(Mg 0) 7,(Ca o)
LT
SrANE I EDHEEINADOT, BIRERE, 0 AL LI,
Lupis® BIRV12 %2 JHv TMg, Ca, Al¥k & CO»MHACE

V(Mg,Ca) 7,E)Mg,0) 7,(A1,0) 7,((,8,0),’,(OMg,AI)’rgdg,Ca)y;,g\l,Ld)

, N3 A ROREHDOMFRIZ(8)-IDRTERY 5,
KMgO-AlzC)z:[%Mg] [%Al]z[%0]4 ..................... (6)
’C‘ iz -4; . 1' % E N 7(“0)—1 :)27’8““”‘0 O]526<A1)+0.012§\§\é) ............ ( 8)
:' :' ) gy d R i EL‘ 7N 3 ) D%
a, fi FRUGE LR EERL, SXTD PEROI—] 526810 () 015250+ 0. 01eled orreroe (9)
L:Liquid A:AlO3 M:MgO C:CaO
MA:MgO-A1203 C3A:3Ca0-AL03 CA:Ca0-Al1203 CA2:Ca0+2A1203
CAg:Ca0+6A1203
3500 T T 7 2500 T 1
L L+A
o =y
) - o 2000 |- ’4 5
3 3 T | \=A
’g. g £ sl | ™ -
) g S E < 2 2
= 3] ¢ b= MsCe g % g
| § e |3 § 2
= A (291513
1500 L1 1' 1000 gl g falle
0 20 40 60 80 100 0 20 40 60 80 100
MgO Al203 (Mg0)0.9(Ca0)o.1 A1203 (Mg0)0.4(Ca0)o.6 A203
mass%Al203 mass%Al203 mass%Al203

Fig. 3. Phase diagrams in the system MgO-AlL,O; and (MgO), (CaO),-Al;Os.
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