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Wetting Behaviors of Steels Containing Al and Al-S on Solid CaO

Takeshi YOSHIKAWA, Kazuya MOTOSUGI, Toshihiro TANAKA and Mitsuru UEDA

Synopsis : Wettability between refining agent and molten steel is an important factor in the refining process due to its great influence on the reaction in-

terface. In the present study, wetting behaviors of steels containing Al and Al-S on CaO substrates were investigated by the sessile drop

method at 1550°C in order to understand the interfacial phenomena during the refining of steel with solid CaO. Contact angle of steel con-

taining Al on a CaO substrate was smaller than that of pure iron. The contact angle decreased with the smaller addition of Al, which could be

explained from the amount of slag formation by the reaction between steel and CaO. The contact angle of steel containing Al-S was larger

with the higher initial Al content and increased during the holding. It was mostly affected by the surfactant effect by soluble sulfur, and the

wettability deteriorated by the progress of desulfurization.
Key words : CaO; CaO-Al,O; slag; desulfurization; wettability.
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Fig. 1. Schematic diagram for experimental apparatus.

Graphite fiber insulator
Graphite heater
Thermocouple

Copper electrode

FRRHZBY U TIiX SEM-EDX 2 & % Tk g o ik L 7=,

CaOFEMUII L T DO FIECTIEH L 720 RifESumBL T O
Ca(OH), B} & % K& H1900°C 12T 10h L B L T, CaO
ZDBEL 72, ZOREKE 100 MPaD IE T T ¢20mm D &
Ty MRS U 728, 703 ¥ 3RBAC R 1550°C12C
0.5 hIEMRFE L 72, T OFMRZEI & #2000 D = X V) —HKT
WHE L 72, FERIZH W,

AlEEWE ALSEEIIZLU TOFIE TR L 72, Eif
# (Wl 99.98%, BRECIRIE 20ppm L F), M7= 4
(W 99.5%) , MiFeS (MiFE99% LI E) DEt5g% , g
TILIF R VEBIZEALE, &V~ VEEERNHE
MEYFNO B 7 2 iz LT, 73V EHKRT
T 1550°C I TR U 7=, 85D —i8 % NEE2.5 mm D
RERLFEIZTREI L 2t%, KB TRMTAZLT, &
RO &2 72, lbkm 2/ v F F YL THFEIL,
U VR TOENIEB A T 5 728, TR My BXOT
S ) = L TORE IR 2 i L, R FEOHE A
7y 7=,

3. EfACa0O LAIEEMDENES)

3-1 AISEHG7IVI= L, BROKREORERDN
DEE
fERLL 72 AL ASHEGE 7L I = &b KO0 el KR
g%, TNENICPRIT NN, il LR AR S
PEHE I K DMl U 7z, &alB oMk % Fig. 2 (ORi)
Table 112/8d, STVAG 7L I = A I HA A &
D 100~400ppmw ik FLCxk 0, st & L < IEFRBHAH
BREOKIDIZ I DBILIER L 22 L8R Eh 5,
ALO, L V3 AWM AT T LI = &, BRRIRE L,
(HRTRTEHHTO ALO,DERKIEL & AfEE 5 2
ENTEDL, AXDOFEid2)RckSh, Hilh

500_"'| L R L R L
o
,3\100_— © E
E(a)s ion with AL,O 3
g 50 (a) Saturation with ALL,O3 E
o) o
5 ° °
=
S 10F ) Equilibrium with o E
1-_...| PR | PR | P
10 50 100 5001000 5000

Al content (ppmw)

Fig. 2. Compositions of steel samples containing Al
(FEAL-2-7), and calculated composition of steel in
equilibrium with (a) solid Al,O, and (b) CaO-satd.
CaO-Al0; slag at 1550°C.



Table 1. Compositions of steel samples containing Al and
results of contact angles on CaO substrates.
FEAL-5 was conducted to the wetting experiment

twice.

sampleNo. | S0Te M | e [ omin T 20 men
FEAL-0 0 130 118 118
FEAL-1 <10 150 109 106
FEAL-2 163 113 103 99
FEAL-3 456 334 108 100
FEAL-4 501 167 106 107

FEAL-5(1) 502 19.5 111 101

FEAL-5(2) 502 19.5 111 102
FEAL-6 1,600 8.7 108 106
FEAL-7 3,570 23.7 108 108
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en =80.5/T9, e =3.21-9720/T7,

ro=—108 +275000/7%, ri®=-0.021-13.78/T°
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Fig. 3. Droplets of the steel containing Al (FEAL-5(1)) on a CaO substrate during keeping at 1550°C. (a) Just after the contact,

(b) After 5 min, (c) After 20 min.
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Fig. 4. Change in contact angle of the steel containing Al
(FEAL-5(1)) on a CaO substrate during keeping at
1550°C.
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Fig. 5. Contact angles of steels containing Al on CaO sub-
strates against soluble Al content.
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Fig. 6. (a) Cross section of the steel/CaO substrate interface of the sample (FEAL-5(2)), and (b) EDX analysis for (i) the triple

point and (ii) the grain boundary of a CaO substrate.
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Fig. 7. Estimated amount of CaO-Al,O, slag formed by
the reaction between CaO and soluble aluminum
and oxygen in steel (FEAL-2-7).
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Table 2. Compositions of steel samples containing Al-S
and results of contact angles on CaO substrates.

Sample No Soluble Al Total S Total O Contact angle (deg)

P i (ppmw) (ppmw) (ppmw) 0 min 20 min
FES-0 0 600 181 90 90
FES-1 373 560 27.6 89 95

153 (Left)
FES-2 1,580 540 71.7 95 124(Right)
FES-3 3,360 570 24.7 113 127
FES-4 264 1,100 19 97 102
FES-5 160 5,100 367 88 89
(a) FES-0 (b) FES-1

0 min

20 min

(e) FES-4 (f) FES-5

0 min

20 min
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Fig. 9. Change in the droplet shapes of steels containing Al-S on CaO substrates.
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Fig. 10. Microstructure and spatial elemental mapping of the formed layer at the steel/CaO substrate interface of the sample
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