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Dissolution Rate of Sintered MgO into Molten Fe,O-Ca0O-SiO, Slags

Mikio UmakosHI, Katsumi MORI, and Yasuji Kawar

Synopsis :

The sintered MgO (porosity 29.9% and 13.0%) was immersed into molten Fe,0-CaO-SiO, slags at
temperatures from 1 350 to 1425°C and the dissolution rate of MgO was determined with the rotating

cylinder method by measuring the decrease of the cylinder radius.

Also, the section of the MgO cylinder

after immersion was examined by EPMA to know the penetration of slag and the dissolution mechanism.

The results obtained are as follows :

(1) The dissolution rate of MgO was increased with the rotating speed of cylinder and with temper—
ature, and was found to be controlled by mass transport in the boundary layer of molten slag.

(2) The change of mass transfer coefficient at 1 400°C with slag composition was correlated well to
the change of kinematic viscosity of slag. Utilizing the nondimensional correlation found in literature,
the values of diffusion coefficient of MgO into molten slags were estimated to be 1.0x 10-5~3.0 x 10—5

cm?fs at 1 400°C.

(3) The dissolution of MgO proceeded through the formation of (Fe,Mg)O solid solution layer at the

interface and its dissolution.

The penetration of slag was retarded by this dense (Fe,Mg)O layer and the

depth of penetration after 5~60 min was only 1~3 mm in high porosity MgO and <1 mm in low porosity

MgO.
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MgO porosity 31.8%
Photo. 1. Fracture surface of sintered

Table 1. Chemical composition of slags,

(Wt%)
Slag Fe, O CaO 5i0,
A 20 40 40
B 30 35 35
C 40 30 30
D 50 25 25
E 65 — 35

(£0.3) g/cm?, B &FLE 29.9(+£3.5) ¥ Thor.
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MgO by scanning electron microprobe.
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Fig. 1. Effect of revolution speed on the dissolu-
tion rate of high porosity MgO into slag A.
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Fig. 2. Effect of revolution speed on the dissolu-~
tion rate of low porosity MgO into slag A.
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Fig. 3. Variation of the dissolution rate of high
porosity MgO with slag composition.
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Fig. 4. Effect of temperature on the dissolution
rate of high porosity MgO into slag A.
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Fig. 5. Relationship between the dissolution rate
of MgO and relative linear velocity.
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Fig. 6. Dependence of mass transfer coefficient
on the kinematic viscosity of slags at 1400°C and
200 rpm.
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Table 2. Properties of slags, and dissolution rate and mass transfer coefficient of high

porosity MgO at 1400°C.

4 (wte,MgO o7 10) Rev. speed —dr/dt k
Sla g o UM
8 8), 9 (g /cm?) | (poise) (rpm) (ecm/s) (cm/s)
A 10.7 3.1 1.6 100 3.63x10-3 2.85x10-4
200 5.13x10-5 3.91x10-4
5.44x 10-8 4.08x10-4
300 7.39%10-5 5.76X10-4
7.99%10-5 5.99x19-4
400 10.5x 10-5 8.24x10-4
B 8.5 3.2 1.0 200 7.24x%10-5 7.15x10-4
6.53x 10-5 5.96x10-4
C 7.4 3.4 0.5 200 7.62x10-5 8.20x 10-4
9.48x10-5 9.09x 10-4
8.54x10-5 8.44x10-4
7.19x10-6 7.16 X104
D 6.5 3.5 0.4 200 6.96x 10-5 8.26x10-¢
7.84%10-5 8.32x10-4
E 8.8 3.5 1.0 200 10.7x10-5 8.47x10-4
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T, SR, FA%D 5\ EFIED SHEERET Ot~ 0
WERBECET S JETFEOWT, (4)R0BEENES
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= 0 079157 4 —om serereenneeennn (8)
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Fig. 7. Diffusion coefficient of MgO into molten
slags at 1400°C.

Table 3. Diffusion coefficient of MgO into
molten slags at 1400°C.

v D
Slag (cm?/'s) (cm?/s)
A 0.53 1.35x10-5
B 0.30 1.76 x 10-5
C 0.14 1.63x10-5
D 0.11 1.46<10-5
E 0.28 2.75%10-5
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Fig. 8. Arrhenius plots of the dissolution rate of
high porosity MgO into slag A.
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T Arrhenius B BEBIGRABINL L, BAsT DiEHE1L
=2 AFE (1) RTRERS.

E=FEg+ (a+b)E,;+aED------'-~-~~------------(11)
o, Es, Ey, Ep ThXREDT OBEME,
Ek LOHRBOFER b= ¥ Th B, Tk, T o
b1x(5), (6)XXv a=2/3, 5=-0.30 L 3%. Eg
% 1400°C £ 1600°C 12 3si) 5 MgO o fFngE R oL
BRE®' X v 23 kcal/mol, E, % 15kcal/mol®, Ep
% 30 kcal/mol') L 3hi¥, (1)K X » BT oEM
= F ¥ % 48 kecal/mol L HEFE S, SHEHEDH 3ds iz
DREV. THIAGWCHEMBCHERS D L L,
R ERIE A 1350~1425°C LV CRIEREN K
ELi-dTHAHD.

44 XS TORERRE MgO DAL
A5 OBRBIRIE L O MgO 0B otk

Photo. 2. Characteristic X-ray image

;0;%

df MgO after immersion in molten slag by EPMA.

AT Ao, BREHRO MgO HEliE * gl L o7 EP
MA X 9B L. EPMA 2 X 5HIED K 35 6l %
Photo. 2 =ik Photo. 2 13 B&HLE MgO Rifl%
1400°C, 200 rpm T2 5 7 Ciz 40min BHiE, F0F
FR|E LT CES LD THS. s, AT SR
R HHEPEEILE MO oA, REFTEORK
i Photo. 2 LigiEME#ETH 2%,

BE#HO MgO Bl BEME CTHELLELD S, A
S 7E 0 MgO i Bt 256 L ani /B b,
EPMA AW X B & . Z O TIL A T VISR &
h, oM CaO/8i0,=1 T, Fe,O 13— MgO
WEET DD A7 7 RAORE LIS ETLT
(Photo. 2, B o#R4). LicdoT, BEAS 7H
MgO RptoGILEBBO>TRELCbDOLEPLRS. %
DRBE SR 7 7 EABRAR O BRI KT T,

A:MgO

B:MgO(penetrated by slag)
C: (Fe,Mg)0 layer
D:adhered slag

(MgO porosity 31.99,, slag G, 1400°C, 200 rpm, 40 min)
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BbhTwsZ bE—#T5. o (Fe, Mg)O i
thehod FeO it EPMA T X3¢ EBOH T L 5%
t, 25 7 FeO BEOHEME LD IO WLY 2256
80 wt 1ok L, KNUPPEL 5% ORAERIA HFE X
haREEER—FTS. LoT, EHEMgO o=
5 /OB Fig. 9 weF AR T I o, 3
(Fe, Mg)O EEMEEERL, ThBBEBTLEG
WTETTHEELLRD, A7 /7 HERABOEE S
(cm) % k=D/6 oOBfRLD 41, 4-2 OETHRD
Bt 5 L, 1.7x10-2~5.0x10-2cm T CaO i
A0 LABETH Ok 7ok, (Fe, Mg)O EBEHKIK
DEXIAT 7 FeO BEOHEMEEBIT 5p b
20 ¢ HEK Ui - F LT, OBt FeO & MgO o
BRFRVPAUCTHLOT, FETHEIREWEELDL

boundary
yer
i,
c Z —st=—bulk slag
o —
B %
7
e
O
© L Q.
A

Fig. 9. Dissolution model of MgO into molten
slag.

Bichic il Eh s,

BT ED, MgO EREOZIL % N CHEMN I HIBE

wEiik3 5 TH A 5 (Photo. 2 £28).

5. &

EEFIRRERE 2 BT 1350~1425°C kit 5
MgO Beffifs (RFLE 29.9% R XV 13.0%) OFE#
Fe,0-CaO-8i0, %A 5 /' fh~DOEMBRELE X EIE LT-.
Ffo, BEAMEER XU EPMA kb MgO-z35 7RE
fFEDOREZEHEL, MgO ~D2A 5 7DREBSE X
U MgO DB O\ THE L. B bhifERi
LIFDoEsnTHA.

(1) MgO oEfHREEEERORM, REDLF
LEbrKREL IOk, K[IALBOHEEOFEIR by
Moo, Zh bR, MgO OBEfpEEIR MgO-
A FHREOAZ FAERBAOCHWEBEICEZEL SIS
EEZ bR,

(2) DEBHEEXHEE L-EHER X b 1400°C 1
BT AWHBBRBE A RO LB, 25 7OBKE L
ILRIE LI, ¥, {EFIEME CRAMEOBR
EOWTRD BRICRRBRD L v, MgO ojhskfRilis
kB E 1.0x10-5~3.0x 10-5cm/s THDOt. = Off
1% Kienow 52 53 MgO o R4 B\ CEEHD
BEOBEN ORDIIFHEROELIZIERBEE TH 2
7o

(3) MgO »¥RIAS Fy~BETHE, 3T (Fe
Mg)O BEBEELER L, MgO 0Bz o (Fe, Mg)
OBIBEN BT A LI X W #ETT 5. Fiz, HEX
iz (Fe, Mg)O  REEEEBITEE CHRE LR
3, R HERY Dl E L bR,

(4) MgO ~o %k = 7 7 © BELEE K (Fe,
Mg)O EBEMAEER L >T, MgO EHOSILNELN N
T ORER X TRERMB, MgO
AR OEIEH K LOR 7 FAfcEFe T, SKALER
MgO o4 1 ~3mm, EFILEKMgO 04 1 mm
LAFehot.

Bz, &y P 7V AOFEBETXIZHDT I
TRV TRRBRTEBSBMR OMIAHEZEK, X
VAP ORIT M@ G 7 72 v o RILfTRE (8 -
(Bk) B A &), A IEZ (B (B0 BLEE) oK
CIESRBHE L. T, APEREO—IBIXEET 52 £
TIARIERRBEHBEBS I X2 TibhicZ L 2L,
Hhe TS L 7.
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