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Fundamental Study on the Dissolution ﬁéte of CaO into Liquid Slag

Synopsis:

Masaaki MATsUSSIMA, Shigeyuki Y ADOOMARU,

Katsumi MORI, and Yasuji Kawar

The rate of dissolution of CaO into liquid slag was determined by measuring the decrease of diameter of
rotating GaO cylinder dipped in CaO-8i0,-AL,O; or FeO-CaO-SiO, slag and the penetration of slag
was examined. Also, the distribution of components in liquid slag adjacent to the solid-liquid interface

was examined by the XMA technique.

The rate of dissolution increased with temperature and with rotating speed of the cylinder and was ex-
pressed by the rate equation derived from the assumption that the rate was controlled by mass transport in

the boundary layer of liquid slag.

The dissolution rate into liquid slag containing FeO was several times greater than that into slag without
FeO, bacause of the difference of physical properties of slag and, probably, of the difference of the mode

of 2Ca0.S8i0, formation.

Slag components penetrated into solid CaO were mainly Al,O; and FeO and the SiO, content was very
little. 'This may be explained by the formation of Al,O; or FeO rich slag layer between solid CaO and

2Ca0-SiO, film.
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Slag

. Crucible
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. Cap {graphite or iron)
Mo {(Fe) bar

. Connecting rod
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Fig. 1. Experimental apparatus.
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Table 1. Composition of slags.

Slag | FeO (%) | CaO (%) | SiO, (%) | Al:Os(%)
A 40 40 20
B 44 36 20
C 30 50 20
D 20 40 40

E 20 30 50

F 30 35 35

G 40 30 30
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Fig. 2. Effect of revolution speed on the dissolu-
tion rate of CaO into slag A.

Slag A on /&
600 rpm ! SOV
3.0

- 1600°C| 1550%C

£ / / i

S

2

g 4 1450C
S 1o /| e

/é/%/

0 40 60
Time (min)

0

Fig. 3. Effect of temperature on the dissolution
rate of CaO into slag A. :
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Fig. 4. Variation of the dissolution rate of CaO
with slag composition.
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Fig. 5. Effect of revolution speed on the disso-
lution rate of CaO into slag D.
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Table 2. Values of mass transfer coefficient and thickness of boundary layer.

Slag Temperature Revolution k 9 (em)
¢c) (rpm) (cm /sec) Calculated from £ [Calculated by Eq. (6)
A 1 500 200 2.9,x10-¢ 1.8;x10-2 2.34%x10-2
1 500 400 5.3,%x10-¢ 1.0;x10-2 1.9gx10-2
D 1 400 200 9.7;x10-4 2.74x10-2 2.7, x10-2
1 400 400 17.1x 10~ 1.5¢x10-2 1.8,x10-2
30 Table 3. Pysical phroperties of slag.
1400°C | Slag E
200rpm 2 Temp. 0b D¢
Slag °C) (g/ cm3) (cmz/ascc) (poise)
A
Slg & A 1500 | 2.799 [5.5x10-61%| 9,21
20 D 1 400 3.15  |2.7x10-518)] ], 718
Slag F
9 V Dk (Mg 1) weveeeeeeeeeeneneenneniene s (3)

Slog D

Decrease of radius (mm)

1.0 /

0 20 a0
Time (min)
Fig. 6. Variation of the dissolution rate of CaQ
with slag composition.
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Fig. 7. Relation between the dissolution rate of
CaO and the relative linear velocity.

THolz. ZZit 4y RERTH5S.

LDFEREEE L, CaO DRI Fyh~DEFEERET
{9 57 T 0 M AR (A B B v i 350 D RS 8 103 Be X
NTWDH & LTBIERE R e L.

CaO DIBFRFEEE v(g/ cm?- sec) 1IRR(3)THEDb S
ns.

kMEB IR (cm/ sec), a5, mp XN ENAE
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d =4.76d1-5. Re—-0.62.85c-0.3 ..o, (6)
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pdU/7n), Sc ¥& Schmidt ¥ (=73/pD) TH 5.
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T,

J=St-Sct=const - Reb ---ereeremvemeeneennnn, (7))
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RIBECEEBBOFRS 5 WIIAESFIBEDKSD B W
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Fig. 8. Relation between J factor and Reynold’s
No.
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Table 4. Mass transfer coefficint £ in slag A
(600 rpm).

Temp. (°C) 1450 | 1500 | 1550 | 1600

k %104 (cm/sec) | 4.0, 5.9, 10.¢ 17 .4

-25
Slag A
600 rpm

N

=35
53 55 57

1/7 x10°
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Fig. 9. Effect of temperature on the mass trans-
fer coefficient in slag A.
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REDEH LcWEBERE L & Table 4 TR¥.
log k % #axHRE OFFIT K UCHR Licods Fig. 9
<h b, AEEEHEANTIRERBERCHL. hXb
FEMIb = 2 v ¥ — &k D & 63.5kecal/ mol TH 5.

WEBECETE JETFO (7)) X EEET L&,
~ay dU\®
k=c0nst.xU~<p—775> (pT> ......... (13)
[l — E DA

y/ ~(a+b)y
k =const.<—-> Dheeriiiiin
0

BRLA 5 VS OEE p OIREREHIL NI VO THEET

HZEEL, MHONEE LD &,
log £ =const. — (a4 b) log  +alogD ----- (15)

(15) XOB G Hboh 5 X 5 CWEB B IR OGN
T A NMF — IR s X CYEEL OB b= A v ¥ —2 b
kwbha, BBHER T 7 AL OV TOFERED (1)
H & a=2/3, b=—0.34 & L, ¥tEHKS L OWHOE
Bibx 2 0 ¥ — % FhFhE 50 keal /mol'®  #5 70 keal /
mol® & 5 &, FHE(EIZE 64 kcal/ mol X 7c b 5
EE X< —%T5.

B R 5 7 OEE, REOEERRIETE L,
7oh3, (15) RoBGR L b #EEl T IS ERRE OIREZL
RS2 7 VDB EX D/NSWTHS .

4-4 FRHEECNTDIRASTHEBDER

BEEHIK 2 5 D& Fig. 4 WRLick S5k, &
5 T OREE (%Ca0)/(%Si0,) Dk izd GaO o
BEOEES A E L, SURMRR 5 7o it Fig. 6
WRLAX S, A5 7OEEENF L ((%Ca0) /(%
Si0,) =1) PHicit FeO SR OBV HHIBEIHEE DK
&<, FeOLEMR U ITIIIERE DR\ IT EELE
EAREVEWSERAARONS. ULr Lish HIERE
EoX/NIFTH () Rimshd & S CmESHRED
[E—TF i1z 5 2235 7Ok, PEEERESs XU
DORE——& CaO DREELOBETHRIFINDE~E
Tdhb. Fig. 4 X0 Fig. 6 OFE0REE, WE

e (14)

Table 5. Dissolution rate and mass transfer
coeflicient.

—dr/dt k

Slag (cm/sec) |(em/ sec)

4 (%Ca0)| Remarks

A 1500°C|9.7,x10-5/5.9,x10-¢| 9.5 |

B 1500°C!6.8,% 10-5(7.7,x 10-4 6.5 6‘60

C 1500°C|1.7¢x 10-4/6.7,x10-4| 20.5 rpm
D 1400°C6.5x10-519.7,%10-¢| 4.0 | o

E 1 400°(42.36x10—41.o,x10—s 153 | G35

F 1400°C2.4,x10-¢/3.0,x10-3| 4.7 e
G 1400°C3.0yx10-44.0,x 10-3| 4.4
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VIBAR SR ELLE T D NI E S OFEHRD b,

XBEWTIC X 2/ET, BEMHKR 7 7 ADEERE P
iz 2Ca0-Si0, OFLET 5 Z LAVHAE L72ps, FDRIE
WMETH M. ZTHREIZRT D TEOHEESEZ XMA
S CHElE Lz & 2 A Al/Si o Hid 0.9~3.6(SE51.6)
OFED D, FIALESWOFKFRTIE ALO; 4~6%,
Si0, 2~3%, Al,O4/Si0,=1.6~2.1 THhH, 25 74
O fE Al Oy/Si0,=0.5 IHRTKEM,DE. TH
5D FERIIE & CaO rhad SiO, D EIT T ALO,
DBBEDE PO ERTRLTWED, ZOBRFKIEL CaO
DAZ T ~DEFAOEBCEET SRETH D IRETTH
Y 5.

WA A 7 7 DOGEOEEBIS DILES T T
FeO 25 10% BESENR TV 0icx L, SiO, 13iF &
AE0THY, XMA 57T Fe icH~T Si idixd
AEEINRTWiwZ LB oh/c. 2ok S5l
KA S T OBEWC DL, BMA T SOBMEBENEDD
TV ERHMbRA. TSI >V THRET 5T
BBEORECOWTHNTLS.

ik CaO T UARERBOERSIAK TH DR
RS I DOBEICDOVT, 2AI RS OBBES (&
BROEX) %ifllE LRy Fig. 10 wird. CaO
DOEBSEEDOAKEWIZE, THbbLiEREEDOKEWZ
EBBREIPAKEL, BBERESIRERBO | ~23FiC
HBILTWwBE XS THS.

ScHEEL 3 X UY OrTers® | 31§f 1 X 7 Visdhici@E L7
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Fig. 10. Depth of penetration of slag into solid
CaO.
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B X UL § R OBIMEAERD St & s L
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ZXD, Fo ALO, £ F R 5 VS OBETIWTIRAR
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5 Th~Ek Ca0 #FE LS, Ca0 FEmic (Fe,
Ca)O [tk X U 2Ca0-Si0, (713 3Ca0-SiOy)
ZEKT 5. FHHE CaO OBESIIFREEILF~D
A TDIREBELRID. 0EDS0T CaO EFEHE h =
77~ Ca DR, 257 EEKPL DD Si Okl
kv, CaO KEEH#SEN/IAET 2Ca0-SiO,
EEEAERT 5. COMOR S VRSDIEESfid €7
NVETTTREE Fig. 11 X 5ThHAHS5. =d 2Ca0-
Si0, BEDAR, MEDKRTISLIED CaO 0iEffic
KRELHETS. FeO EEMNEL S0, £EDEVX
7 T OEHETIEREESEN T CaO oiFfficxt+ 3
BEERIZ/ XV, FeO §E0EL, SO, 4805
WA T T DGEIEEBIE < ESMCAER L, CaO o
EREELLIETBLEX LR TVWS. Z0X5kiE
BEBC OV TOEIABEERDZ S S OBEIC LB Y
PE SRR Lic. SFEOHRE CaO CRELMNE

M BOTEGE CaO ZFA LA | EAisH Ca0 &
FER Uitk DBIZSD Tl SRR vy (3 min
LR) oTrRfixEL L.

2mmff, EX Smm BEOLR CaO 2§LX 57
BHIZER L0 b, BREEGOERZD < bk
B¢, BRfEOREHED R S VRS DiRESfixk X
MARZ X DlETS & &b RBMEBHEY o W
SR 2 5 4°A, 1500°C, 20min 0450 XMA K
% Fig. 12 T, EEM <54 G, 1400°C, 10min @
B&owt Fig. 13 (2), (b) IR LA CaOFf
HICETEZX 3 712 FeO B0t ALO, 8 EDE VX
77 THY, bTrnifiEic 2Ca0-8i0, & 5\ ik
3Ca0-Si0; DHEEMSRL LN S, i -k
2Ca0-5i0, MRALWIEHELH D (GERFICA S
KHRETHI T v o DFET 2Ca0-Si0, OFELEH AN
THVIBEEHE S 2 D). Tl L 2Ca0-Si0, [
B Photo. | iRT X SAEHAICTH DM, DL
SIS ERE kOB E L TIE—FH L Tv 5.

pure Ca0
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2Ca0- Si0,, 3Ca0-Si0,,(Ca Fe)0

—» Concentration

— Distance
Fig. 11. Schematic diagram of distribution of
slag components near the interface.
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Fig. 12. Concentration=profile of slag A compo-
nents obtained by XMA.
(1500°C, 20 min)
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Fig. 13. Concentration profile of slag G
components obtained by XMA.
(1400°C, 10 min)

Flfk CaO ORMEHEFED A T 71k 510, IRE KL,
AL O, 5\ ik FeO BEXRE VO, HiEhr»oo0hk
N7 ALE T 2Ca0-5i0; w4 T % 720 CaO [T iEL
LT 5 Si pblsvoiesLt, Al 5 0wi Fe o
JERLVE 2Ca0-Si0, OFEEHE D ST VT EERL
TWwb. FIEi T~ X iR CaO hicig@E Lz
50 2 LT SiO #3470 <, ALO; & 5\ i FeO
PEDPDIDVE, REAPEELTL % St pAbigmore
ZOTHS .

Elpgk CaO %25 72| LciERICE CaO0 RE
iz, (Ca,Fe)O [EiFfk, 2Ca0-Si0, X5yt 3Ca0-
SiO, NiME LR EXERTH Z BTN, K
EERTIY FORER NiETH o/ Fi A5 S hic—
ERE S OINMEDIF IER N TS 2 &b [HET o7
7, CaO DOFEAEFRIAE R JOREN SR
KB CHERT 5 2Ca0-8i0,, 3Ca0-Si0, EHETED
AlLO; HBHWIE FeO OFELIZAZIIBEBLTD

Photo. 1. 2Ca0-Si0, fiim formed near CaO
crystal after dipping in slag G for
10 min at 1400°C.

Ca OB X > THETT B 2 EM S mdbhii. D
B4& CaO oBEficx LTW IS TERITH 5 0% B
TRIC4 % D3, 2Ca0-5i0,, 3Ca0-8i0, 7t E 04K E,
SRS TR VWEIRTRESTH L 0T, ik 4 E
WISV B RN CUAM OB N BT 5 REiRE &
B 3 JEFRIKEER ¢ CaO THH & 2 5 FHUKE 5.5
ﬁmeU%Wﬁﬁ%ﬁMﬁ0$mﬁ%m&ﬁﬁbf
figh o e 7z, WA CaO RECA KT 5 1D (Photo.
1 B08) BAREHRO 2 7 SHIKTIEE & LT2Ca0-Si0,
THDHEEZLN, ¥7- 3Ca0-8i0, HEOESE AT
ZAREEIOH LT 2Ca0-Si0, iIE W EH X bNEDT
CaO DOEEEAEFE L TWBH DIk 2Ca0-5i0, T X
DT T~0 Ca OIFBIA CTH 5 »Ed Fxbh
5. LT ETnE, REREY 3 IGRIKENR LT
2Ca0-Si0; KD A E 25 VKA S Bk 5
MABRIERE & LU E 2T bhid e Sl v as, ek
D HHTHESEREOMEIIASEHE E HF D ET
DT, KIFROBHFRERPKRELEDL Z v
£z 5.

ks, RS SIOEAIE, ik CaO EKEH S
LRI LE AT B ﬂhosmh&ka&iﬁ@
DEECAZ TREPAGHIEFRFLTPL DL B 5D
Frck kT 500050, &bk s L@k
it oTwWiz & Bbhb.

7. &

BRh A 5 4 (CaO0-S10,-AL0O,; i XN FeO-CaO-
Si0z5%) Hic & L7cflilfk CaO RO ER DR
BOMIE L 0 CaO @mﬁ?"(wfb)ﬁif%‘k&bt i
fk CaO h~D 2 F 7 DiBiE, B OEE D HCaO
ﬁ@Wﬁ®X3VW%@%§%ﬁ%%ELCd)@%%
BRIZOWTESE L. BOohEREYENTLERD
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EXDTHB.
(1) CaO D27 rih~DifEfEEE X CaO ok
EE (BFoRE) o, BEO LR E & dicit
5. T LTRHEEOBRRIT L kThor. ZDXSkEE
R, BELEEA A S VBERE R BT 5 MEBENC
XEENTVWD E LRERNTHATE

(2) {LEIZMFETRDOLNTVWHERBEX
JEFZET I EXKTEORBRR TS LSV L
RERP D, ERBEBEEOBELRLIC DV T ORISR
2o LMEABHEEORBEVAREYTHSL Z L3 bh
7=.

(3) FeO %E&HTHAT I WHADBEREREIL FeO
EEALLVR I VDB ECIERTHEXRS . Zhic
VL2 T U DORME, PREUREOEE LT, 2Ca0-Si0, o
ERRROMEDIBERLTVLTHS 5.

(4) [tk CaO thaizx 5 &S HRLHKICZE
LTWH T ERBEINID, BELLXT IR E
E LT ALO; H%5 ik FeO THh, SiO, HMETH
D,

(5) #55h CaO %ML, REHHED R 5 &g is
SRS DR A, 2Ca0-Si0, o4k kit & T~ 7=
FERISTERDMMFFER L —F L7, 2Ca0-Si0, R E
P OENIAEICDAER L TE Y, CaO BEiRED =
700% ALOs H5 VI FEOMBILLTWS. cD &
2L CaO D2 5 7 DigE BT 5 Lo B%
LEFCE 5.
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