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Wettability of Solid Oxides by Liquid Iron Alloys under Reduced Pressure

Kiyoshi Nocl, Kazumi OGINO and Tetsuma KuracHi

Synopsis :

Wettability of solid oxides by liquid iron alloys has been studied under reduced pressure. Measurements
of surface tension and contact angle of liquid iron alloys on solid oxides (MgO, Al,05) have been carried out

with the sessile drop method.

1) Different values of surface tension and contact angle were obtained by different furnaces whose heat-
ing elements were molybdenum and graphite, respectively. This can be explained by a difference in partial

pressure of oxygen in the furnaces.

2) The values of surface tension obtained by the furnace whose heatmg element was graphite was con-
siderably higher than previous works. It should be caused by an extremely low oxygen pressure in this work

compared with those in previous works.

3) The difference in the wetting of Al,03 and MgO with liquid iron alloys can be attributed to the differ-

ence in solubilities of Al and Mg in liquid iron.

Key words : steelmaking; refractory; ceramics; wetting; wettability ; liquid iron alloy; solid oxide; MgO;

Al,03; contact angle.
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Table 1. Chemical composition of metal sample.
O (ppm) C (wt%) Al (wt%)

135 0.01 0.007

Fe-0 440 0.01 0.005

1500 0.01 0.008

49 0.22 0.004

Fe-C 29 0.76 0.117

Fe-C-Al 32 0.26 0.210

’ BEA 62 4E 6 A 1 H5%f+ (Received June 1, 1987)

* KBERA%ZT%#E i (Faculty of Engineering, Osaka University, 2-1 Yamadaoka Suita 565)
*2 KKK FBE (Bl: BA#E(HK)) (Graduate School, Osaka University, Now Nippon Mining Company)
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Table 2. Chemical composition of solid oxide

(wt%).

Al,03 MgO Ca0 Fey03 Si0g

Al O3 99.2 — — 0.1 0.4
MgO — 98.9 0.3 0.1 0.2

Diffusion
Pump

1: Silica tube 2:Cu coil 3 : Alumina pipe 4 : Zirconia shots
5:0-ring 6 : Observing window 7 : Alumina pipe 8: Molyb-
denum heating element 9 : Solid oxide plate 10 :Iron alloy
drop

Fig. 1. Apparatus for measurement.

1: Alumina rod 2: Alumina radiation’ shield 3 :Observing
window 4 :Iron alloy 5:To vacuum pump 6 : Leveller 7:
Thermocouple 8 : Solid oxide plate 9 : Water jacket

Fig. 2. Apparatus for measurement under CO

atmosphere.
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Table 3. Variation of oxygen concentration in

o o \\
500 \\\\\\ : Y 90

7
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Contact Angle (degree)

and Surface Tension(dyne/cm)

Work of Adhesion (erglcm2 )

Time( min.)

Fig. 3. Changes in surface tension, 7, of molten
Fe-440 ppmO alloy, contact angle, §, and work of
adhesion, W,,, between molten Fe-440 ppmO alloy
and alumina with time at 1 600°C.
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Fig. 4. Change in contact angle of molten pure
iron on alumina with time under various vacuum
pressures at 1 600°C.
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Fig. 4 \Z{58) Fe-440 ppmO 54 & 7V 3 4 L ¥

1500 150 Fe-440 ppmO alloy on Al,O3 substrate (ppm)™.
Start 10 min 20 min 30 min
837 1028 1113 Under 4X10~% mmHg
o ° 440 1085 1385 1680 Under 4X1072 mmHg
1000 + 120 1224 1476 1593 Under 4X10™ % mmHg
°—3 ad * Induction furnace was used
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1: Work of adhesion between molten Fe-0.22%C alloy and
alumina

2 : Surface tension of molten Fe-0.22%C alloy

3 : Contact angle of molten Fe-0.22%C alloy on alumina

Fig. 5. Changes in surface tension, 7 of molten
Fe-0.22%C alloy, contact angle, §, and work of
adhesion, W,,, between molten Fe-0.22%C alloy
and alumina under 5 X 10 ~ > mmHg with time at
1 600°C.
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1: Work of adhesion between molten Fe-0.22%C alloy and mag-

nesia

2 : Surface tension of molten Fe-0.22%C alloy

3 : Contact angle of molten Fe-0.22%C alloy on magnesia
Fig. 6. Changes in surface tension, 7, of molten
Fe-0.22%C alloy, contact angle, 4, and work of
adhesion, W,;, between molten Fe-0.22%C alloy
and magnesia under 7 X 10 ~ ® mmHg with time at
1600°C.
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A1203+BQ=2_A_1+3C01 .................. (2)
MgO+Q=Mgf+COT ..................... (3)
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Table 4. Oxygen content in Fe-0.22% C Alloy

(ppm). ’

Oxide Start 8 min 15 min 30min
Aly,O3 — 24 74 52
MgO 49 43 N 116 403

B/MEB L UOREOHBEORAEIBE SN, DR
Iz AL, AEOHBRIRITS. Shid(2)NoK
A OB CHE LI EIlE B DO LEELLNS.
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LIEWERRLADICHL, =72 T EHWEEEIC
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ALz oTwhHLDLEbRAS.

4:21 CO OWETICHBITH Fe-O /T NI T %
Photo. 1 IZ 6 mmHgCO DRIETIZBIF STV I +IK
L OER Fe-0 A& WROBHELERT. &k
OO AS 135 ppm & 1 b 4% W EE Tid Photo.
VISR L&) B IEE 2K % & & FREKRN, #
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Fe-0.01%0
Fe-0.15%0
Fe-0.76%C
0 min
Photo. 1.
Table 5. Variation of aluminum concentration in
metal sample on Al,O; substrate™.
Aluminum concentration (wt%)
Metal
Initial Finial (30 min)
Fe-135 ppmO 0.007 1.420
Fe-1 500 ppmO 0.008 0.010
Fe-0.22%C 0.004 0.103
Fe-0.76%C 0.117 0.540
Fe-1.14%C 0.069 0.689

*
Tammann furnace was used

A OEY KDDL L TE 222k THIT6
mmHgCO 1284 2 FFEAD 0, 5EST 1600°C Tid
1072 atm WIS, DL LEMTRITES L
LTHWIET VI FOAELRBESEL, Al 2SS
WHEHL-ZLICEB b0 EbRE. 02 L IZERE
HBOREL D Al 547, X EPMA 2 X 2 BEEERH
LHER L 7. BEBORED Al DHO4E % Table 5
\Z/R$. Table 5 54555 & 512, Fe-135ppmO &
RO Al BIRIEICIZ 0.007% THD72b D, #l
ERITIE 1.420% CHEIML TV 50123 L, Fe-1500
ppmO BEHF D Al 2DV TIIE(LA A SR 2o 1,
% 72 Photo. 2 ISR L 72X ¥ L-# R EH D EPMA 12 &
HEER-ED S Fe-135ppm0 £ ICBVTIE X & L FE
HIZBVT #50um DEXT Al 25i8{LLTwWa &
BHEONTHAHH, —F, Fe-1500 ppm0 &4 D FE
HC i Al DRALIZBIE S Lk o7,
REARL LTHWA BB R E 0FE (4
RTREND.
C(s)+1/202<g)=CO(g) ..................... (4)

), (5)

5 min

20 min 30 min

Changes in shapes of molten Fe-O alloy drop with time at 1 600°C.

51750 I 150 @
° | v
A M P ©
S Lr___,__p——-—-—""—""_"—:——.u r v
215000 140 2
(] 4 <
e .,

81250 \\\\\‘\\b\\\ 130 §
- A\A e c
& [~ 3

10005 5 25 35~ 120

Time(min)

Fig. 7. Changes in surface tension, % of molten
Fe-1 500 ppmO alloy and contact angle, 8, of molten
Fe-1500 ppmO alloy on alumina with tima at
1 600°C.

AG =26700 — 20.95 TV cevenrieinecninnnes (5)

4, Pco=6mmHg(7.9X10 %atm), ac=1 & L T
Po, KB & Py,=2.5X10"2atm £ % 5. Z® 0,
SO &P A sk o O & iz Duster, Chipman O
M5 3.85X1078% LEHE SN, BLAYEICRA. L
A0 TCHRMETCHV A FO0ORIZVT NG FH O
BN OEC, MIERIC BT 5 R~ 0 0BT
BET L. ‘

TLTNIFOMBEERBEESIET 1600°C Tt 2.3X
107 atm TH Y, HEHFOOBORIIZL birOTH
BRETNVIFLORETT VI FOBMENETSL, o0
7212 Fe-135 ppmO A4 Tid Al OBIMAEHE S h -
DXt L, Fe-1500 ppmO & 4 T RIEEE I TI2
KB DOBA T E P 2 RE T TRAET TV I T
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OBBENSEL o bDEEX NS, Fig. 7 12
JETIZ 81} % ## Fe-1500 ppmO & DRFER, #
i OBEEIZE LR R . RERDIGHE TEZICE 1530
dyn/em T&H 2 72 b ® %%, 30min 12 1% 1680 dyn/cm
ML TWwS, BHOKERNICEXIFTOOREC
SVWTHBEE TEHLOMEBICLOTHES R, 20

a : Composition image
b : X-ray image of Fe(K,) at the interface
¢ : X-ray image of Al(K,) at the interface

2. Composition image and X-ray images
at Gas/Fe-135 ppmO interface after experiment.

Photo.

BEICERISLPVTHOHREY™ 0 BHkoR
HRDEHL CEHLRAERLETHHE LTS, L
Bl ICEH & O —E»% Hy/H0 PSR T ko KIfiok
N EHEIEL-HE? 5 1530 dyn/cm, 1 680 dyn/cm 12
HIETABEHKDO0OBETH BT H L TN EN, 90 ppm,
43 ppm & 7% ) REFFE O PE AR % 5 L T 30 min RO
O&HEDE, 1500 ppm, 240 ppm & BT EH L WH L
L LAIEWESEONS, &I AT, Gies ORERD
SEBLND LD ICHR Fe-O 88 L RMLVFEHT
WA I IEEEREIC BT 5 OIRE ZIESRNE O Ol X
DHWHLLBLLEL A, LaL, fMHD O, FIEDS
BEFPOO LFHT S 0y XD BV EITIEESK
FHEAD O FHF~OODERAAET S, Z ORRICIEHKREK
T O DOBEBHESE D ESRF OO DOFRE~DBEIHE X
D b HEIFIERIFFED & O L IEFEIRRRIZ B 58K
D OME T MK BT AREMORE L) LKL %
n, KEBRDRIEHIESE LS., 2O LPEHTO

2000 ////ﬁ’,,,d —
E o
21900 //4///////”
c
> B - EE———
T - e} [¢
— 1800
c
2
21700
A4
8 1600
S
5_’) 1500+ o 0.22°I°C_
o 0.76°% C
) s 1.14°% C
140OO : 10 20 30

Time ( min)

Fig. 8. Change in surface tension of molten Fe-C
alloy with time at 1 600°C.
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0 10 2IO 30 40
Time(min)

Surface Tension(dyn/cm)

1000

Fig. 9. Change in surface tension of molten Fe-C
alloy on magnesia with time at 1 600°C.
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OMENFBNIZbAbOT, BUREERNFELN
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4:2:2 CORMETICBITHER Fe-C 54/7 NV 3
F, v AT TR

1 600°C, 6 mmHgCO #E T 2 B} &R Fe-C &4
DRMEN OB B 2L % Fig. 8, Fig. 9 2 L& ¥. Fig.
8L Fig 9 LDHEN»LHELDLR LD ICHER Fe-C
BEDORERED OBRZAE V7= BB L o fEE
LOoTnBL LD LWHENALNS., EABILY S
ELTTNIFZRWEECETERORER A
1430 dyn/em BETH27- b DOFBEOZEBIZE b 1
DCERAL 15min BICIZFEF—EDMHEELE 4 5. WP C
B4 1.14% OFF TE £ ORMES E 13 1F 2000
dyn/em IZHET S,

AEE BV CIBSAEETHE L R 5 Vi3 EAERL
W& DORUEIZ X ) BHRABOHK, HICCE, OREE
AHBIEBLOBET COMETHAL-DERICK
HiBOERDEALD B 5 720 IEFE 42 B O g AR ¢
borz. LA >TARREIIB VW CREREDOE O
B L E L EHASOTEOEI VT ROREC OV T
b LLBT ISR & - B MMk OB E OE, 7.17 g/em® %
Hw7:. gl Fe-C 8ENDEEIZ>WTIIEAE T TIC
ZL OWFEHE D20 Lo THESN T BB FOM
BIERKEV., WHCED 1.14% ORF D 30 min B8
BOCERETVIFEHACIBEITIE0.60% THD,
ZOCEIIHILT 5 AR Fe-C A& D HEZRAEE IC
Lo THIHEICHEIZH 5725, BRMEOFBEENHEI Y
F1% B<HEENTWA, ES5ICCEORBAP(2)
RICELDDBDL LTHESKFA~D Al OEHBEELE LT
COMBETLEEORAIIHN 1.3% BETHA. L
7232 Tl Fe-C S E&ORMBENOHE OB ICHR
MKDEEDOEEH D L ICKXBEEBE 0D
2.3% EETHY, 2000dyn/ecm DERBERDOME %
50 dyn/em BETFTIWA &% b, Z0fH 1950
dyn/cm, ZRERETZEETNEEE S O—EHLLF]
WA L2 1600°C I B A ERMMEkORRIBEIOH#
2D, 1910430 dyn/om, 3 & UIRIBEMEC X 2 B
EE2?, 1945dyn/cm, & BWIEE R L TW5D,

¥7: Fig. 9 WIR L&), BEAERBEE LT
AT ERCIGEDOER Fe-C &0 KRB DE
BT HhOCEDRFIODVWTHMAEELERLADL,
WA DDA SN, ZOWKEY & HICH BT TIC
EYHREECEDA L WEBHIEE Y. 2 hizk(3)
DRI XD THEBKFOCHHEB SN, ZOREEL -
Mg & CO ANESKDORELEE A L T 5 MG R

160 ©0.22%¢C
a0 0,76%C
150 o 1.14% C

140

130—5\
120 \:::T- o c o ,

10 -

100

Contact Angle(degree)

0 10 20 30
Time ( min)

Fig. 10. Change in contact angle of molten Fe-C
alloy on alumina with time at 1 600°C.

§150 © 0.22%C
o 0 0.76%C
o140 $ 1.14%C
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Fig. 11. Change in contact angle of molten Fe-C
alloy on magnesia with time at 1 600°C.

ED O FEFEIMEZ SN TSRS, BEDOCH
TEICHB SO LAEBRRBHOKREEED 0, HE
DIERADBHABILIEBLDEEZ OGNS,

—7%, Fig. 10, Fig. 11 5% X 5 H 4 X 9 I
Fe-C & & & FABRILY & OBk A OB FIZL b AR
I OBERIZ K> TKELHES DS, TN IS &
A IBESEFOCRICE 2P TFDEFBHIREX (B2 20D
WXL, RTRTT EDEMAIESRTOCRICEST
Z OREFFEAITIERERMET 2R, 2O L ERTE
TToLO2RMD O FEAECIEEICZEHFTOCOHE
Wb Y, <72 TOBEESET SO,
TN I F OB EESETOCHRELEFS LTSS
EERBELTVEHDOLEZONS, BEHROKE DL
FHMORER % Table 5 I2/R”F. Table 5 25 dHh & 6
7% & 52 30min RORKKF O Al E0BMIZWEC
BOZVEBEEVE LS L, R(2)0REEEMT
TWw5,
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WETICE T BRI X AEEBRL (7L I+,
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