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Effect of Steel Compositions on Wettability between Steel Melt and Oxide Plates
Takahisa SUZUKI and Toshihiko KOSEKI

Synopsis : Effect of alloying elements of steel on the wettability between the steel melt and oxides was evaluated. Steels containing Ti, Nb, Mn and Al

were melted on single-crystal and polycrystal plates of Al,0, and MgO, and the contact angle between the melt and the oxide plate was mea-

sured. Titanium addition to steel was found to decrease the contact angle both on Al,O, and MgO, but more titanium was needed to improve
the wettability on MgO than on Al,O,. The addition of other elements, Nb, Mn and Al, did not improve the wettability between the steel melt
and oxide plates. At the interface between Ti added well-wetted steel melt and oxide plate, reaction layer was formed. The layer was identi-

fied as Ti,0, for 1% Ti added steel and TiO for 5% Ti added steel. Thermodynamic calculation supported the formation of these reaction

products. It was concluded that the improvement of the wettability was achieved by the formation of the Ti-oxide reaction layers immediately

after the melting of the steel and that the contact angles decreased depending mainly on the materials of reaction layers.

Key words: interface; wettability; contact angle; reaction wetting; titanium oxide; Al,O,; MgO.
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Fig. 1. Schematic view of experimental apparatus.

Table 1. Chemical composition of base C—Mn steel used.
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Fig. 2. Effect of alloying elements on the contact angle be-
tween steel melt and oxide plates (a) Al,O, and (b)
MgO.
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Fig. 3. SEM images of the cross section of 1% Ti steel on

single crystal Al,O,. (a) Center of specimen, and
(b) near the triple point.
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Fig. 4. SEM images of the cross section of 5% Ti steel on
single crystal Al,O,. (a) Center of specimen, and
(b) near the triple point.
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Fig. 5. Ti and Al or Mg profiles at interface by EPMA.
(a) 1% Ti steel and single crystal ALO,, (b) 5%
Ti steel and single crystal AL,O,, and (¢) 5% Ti
steel and single crystal MgO.
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Table 2. Reaction product considered in thermodynamic
calculation using Thermo-Calc.
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Fig. 6. Driving force of interfacial reaction per one mole
of oxygen, (a) Fe-X-Al-0, and (b) Fe-X-Mg-O.
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Fig. 7. Thickness of interfacial layer at the center between
1% Ti steel and single crystal AL, O, plotted against
square root of melting time.
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Fig. 8. (a) Driving force of interfacial reaction of
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atoms, and (b) effect of Al addition on contact
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Al O, plates.

BOREZ AN X —DFEREREELLONS,

A O BRIBRBOIRIC & 5 2 & & BRI IZHER
T35, Tizx l%ﬁﬂﬂbf_ﬁfﬁﬂﬁﬂ IZHIZAIZ RN 5 Z
LT, RIS TIiEEAE L, 2O TR KIGRE K
ERBNRHTOREMMEREL 72, Fig. 8(a)id Thermo-
Calc TAME L 72 1%Ti-ALE AR IO Ti BRL AR O RS
I THD, $0.2%LL ED AR & > T TigLHo
ERARIBHIE XN Z AR E N, AlE01% KT
1.0%FRMI L 7= 1% Ti 7RIS % BLAh &5 ALO, - TR L #2/
&I L 7459 % Fig. 8(b) 12T, ALRIMEDHEME &

BRI AAEIIL TW5 . %72 1%Ti-1%A1TR 08 &
ALO, D RENZIE TI(E R FEEL LN LA XRDIZE -
THEER I Nz, ZOFE» L, FEhttom RiZi3B#ph o
TIOFETIEEL, RETOTIRILHOER LA BETH
5T LR ENT,

RETORIGERDOBHESE, KU Thermo-Cale iZ K
BESIFH AR S TIRIEORNNC & 5 Bl D
DRIRISERMOENIZEDEDTHEEELOND, #
BRTCIE, WSS ALO, & 1% TidRMISM O RENIZIEFIZ Ti,0,
AEE XN, XS ICHEMALID U 72 5% TR & B
FALO,DRE TIETIODAVBE SN TS, Lizhio
TRIBEA TLO, 7 6 TIOIZE L L 72 Z &1 & 0 At 5
WHLizeELZOLNS,

Z OMERD 728912, B % Ti,0, R U TIO D &R 1T
VERR U IR A J0E L 7. MR Ti,0, & TIO DR EE
X (Ri#E20um) % MEFS500MPaT T L AL, HEHEE
12mm, JE X903 mm OHRROFERAFER L 72, Wi

415 N



N 216

$% &R Tetsu-to-Hagané Vol. 92 (2006) No. 7

100
90
80
70 B
60 —@— —B8
50
40
30
20

TET—

@ Ti,0, ||
¢ TiO

Contact Angle (deg.)

L2

S oo

10 20 30 40 5.0 6.0
Ti Content {mass%)

Fig. 9. Contact angles of base steel and Ti alloyed steels
on Ti,0, and TiO.

Table 3. Summary of experimental results on reaction
products and relevant wetting angles.
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plate product angle
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MgO 5%Ti added TiO 50~60°
TiO base 30~50°
base 85°
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