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Trial on the Application of Capillary Phenomenon of Solid CaO to Desulfurization of Liquid Fe

Toshihiro TANAKA, Yumi OGIso, Mituru UEDA and Joonho LEE

Synopsis : In order to carry out the de-sulfurization of liquid Fe, solid CaO is usually used as a flux, but some of solid CaO particles are not melted into

molten slag, and all CaO are not always used for the refining. We have investigated how to use the solid CaO directly and efficiently for the

above refining processes. Solid CaO particles have small capillary tubes from their surface to inside. When a molten slag is wetted with solid

CaO, the molten slag containing some impurities such as CaS and P,O; is expected to penetrate into those capillary tubes. Although chemical

reactions in solid phase are generally believed to be very slow due to slow diffusion in solid phase, those impurities are absorbed in solid

CaO rapidly by capillary force and they are removed from molten steels. We named this refining process as Capillary Refining. In the present

paper, we have tried to apply capillary refining to de-sulfurization of liquid Fe and carbon-saturated liquid Fe by using molten CaO-Al,O,

and CaO-Si0,~-MgO-Al,0; slags.
Key words : refining; desulphurization; capillary; molten slag.
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Fig. 1. Concept of capillary refining.
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Fig. 2. Schematic diagram of the induction furnace.
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Fig. 3. Reaction of CaO with Al,O; powders at the menis-
cus on liquid iron specimen.
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Fig. 4. Part of phase diagram in SiO,-CaO-MgO-35
mass%Al,0; system.
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Table 1. Chemical composition of molten SiO,—CaO—
MgO-AL0O; slag equilibrated with solid CaO.

Sio, CaO MgO | Al,O,
mass% 7.4 52.7 49 35.0
1um

Fig. 5. Fracture surface of CaO after burning CaCO, at
950°C for 3 h.
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Fig. 6. Fracture surface of CaO after burning CaCO, at
1250°C for 5h.

1gm

Fig. 7. Fracture surface of CaO after burning CaCO, at
1200°C for 1 h.
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Fig. 8. SEM image and EDX mapping at the interface be-
tween CaO and liquid Fe after an experiment of
desulfurization using molten calciumaluminate.

Table 2. EDX analysis of the chemical composition at a
interface layer between CaO and liquid Fe in Fig.
8.

Ca Al S
49.2 5.2 44.5

Fe
1.1

at%

Table 3. EDX analysis of the chemical composition at net-
work structures appeared in Al EDX mapping of
Fig. 8.

Ca Al S
63.4 33.8 2.7

at%
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RGBS Y 45, FE 5 TlE20~50 um F2fE D JFE &
DALE SOPRLIEAHERTE S, Z ORI TRUK D BT
EAT 5 745 R & Table 412/R§, Table 4 &K D S2340% 2%
FEL, ZOBRLEBIEECaSDETH D Z Ehbh 7=,
F72, AIDS2%TRETHD, WRlAL Y T LT LI 1 —
FOEREIZZ L BNZ Ebhr oz, ZOKDIZ, AE
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Fig. 9. Phase diagram in CaO—Al,O, binary system.
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Fig. 10. External appearance (a) and cross section (b) of
soft burned CaO after an experiment of desulfur-
ization using molten calciumaluminate.
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% L T Capillary Refining 2 WA T 5 & 5 RiE#A 72
DEEREIT, FHWS PODE%E L T 3 Si0,~Ca0-MgO-
ALO; 4 TCRIEMEELIZEB L, T OWEME{LY % v
7o R A ATz,

& A& CaO & F-fr A7 3 % Si0,-CaO-MgO-Al 0, 4 TLRIA

93
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Interface between
Ca0 and Liquid Fe

Fig. 11. SEM image and EDX mapping at the interface
between CaO and liquid Fe in soft burned CaO
after an experiment of desulfurization using
molten calciumaluminate.

Table 4. EDX analysis of the chemical composition at a
interface layer between CaO and liquid Fe in

Fig.11.

Ca Al S Fe
47.6 5.2 39.7 75

at%

2 2 & A 7213258 % O R MBU B % Fig. 12 1R
T, (a)HRBED CaO, (b)FHBED CaO, (c) FIAIBER S IZ &
5 CaOlZxt 4 2 BB\ T, KENL CaOFRBI A 2 T 2
ISR L BROWKRRROMNEZRL TWb, ZOHEE
BHED, 842D CORFHIBWT, WhEHROMESXD
& EEBICE TR S 7 MEL TWBZ Ebhb, &
72, W2 7 271360 Tsmmbl FigE L, BEEE 1T
FIZHENZ EAbh 57z, & HIZRBHENE A2 SEM T#I%R
L 72 % Fig 1312789, Fig.13(a) DIIFED CaO 12 F VT
ML A BERIY 2 CaODAGHRTH D, TORFDIZZF
IREL TS Z & D ERT & 72, Fig13(b) Dl BED
Ca0 TIF K % CaO DFEE R DBNIZHNZ 7 7 2MRE L T
Wiz, [FAXTIRIKED CaO O Sk O FEE O Bk Eo
MG PRBE L7225 7 %R LT W5, 72, BB CaO
TSRO RRLMILOMA P EATED, 27 7L
CaO DR A D N T & Wb h - 72, Fig.13(c) D H RBEK
GMF TR S NG R TIEEMEIR D CaO 23—k > T B
Z MR I NN, (RIEEMIZA T THRIEL Tz,
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27 8 T Xie % USR]
(a) Soft burned CaO (b) Hard burned CaO (c) Medium burned CaO

10mm

Fig. 12. External appearance of solid CaO after immersion
test with molten SiO,~CaO-MgO-35 mass%
Al O; slag.
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12K > TR SN2 CaONTRICIRR R 7 & D338 L 72 56 Vi
oy B LR E R T, ZORBTIRZAS 7 REL
7St oy & SEMIZ & o THAEICBIS §5 2 & W TE 2,
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(a) Soft burned CaO
104 m

S5um

=S
I \

dum burne Ca

Ll {
(c) Me
Fig. 13. SEM images of cross section of solid CaO after

immersion test with molten SiO,—~CaO-MgO-35
mass% Al,O; slag.

~ Liquid
_ | surface

(@ ' (b)

Fig. 14. External appearance (a) and cross section (b) of
soft burned CaO after desulfurization using
molten Si0,—~CaO-MgO-Al, O, molten slag.
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Fig. 15. SEM image and EDX mapping at the forefront of
the penetration of molten SiO,—~CaO-MgO-AlL 0,
slag in solid CaO after desulfurization.
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