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Rate of Desulfurization of Liquid Iron by CaO-SiO;-AlLO; Slag
and Interfacial Phenomena

Ei-ichi Takeucur, Makoto KisumMoTO, Katsumi MORI, and Yasuji Kawar

Synopsis:

The rate of desulfurization of liquid iron in an alumina crucible by Ca040%,-S10,40%—-A1,0,20% slag
was studied at about 1550°C.. At the same time, the change of interfacial tension during desulfurization was
examined by the X-ray photography.

The rate of desulfurization incereased in order of pure iron, iron containing silicon, and iron saturated with
carbon. From the analysis of experimental results by the rate equation of the mixed—controlled reaction mo-
del, it was found that the partitioning of sulfur between liquid iron and slag at the interface reached its equili-
brium one in the case of liquid iron without carbon and not in the case of liquid iron containing carbon. This
indicates that the rate controlling step is the mass transfer in the former and the chemical reaction in the latter.

The overall rate constants ranged from 9.2x10-¢ to 4.9 10~* cm/sec.
The interfacial tension incereased monotonously with the progress of desulfurization and showed no ab-
normal change. It decreased remarkably with increase of the activity of sulfur in liquid iron.
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Fig. 1. Experimental apparatus.
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Table 1. Experimental results of desulfurization.
Exp. |Temp. | Time Metal
No. | (C) | (min) |wt(e) |[%S1a[%S1,| L[OI, [Sil, [C] | Rematks
A-1 1570 | 67 13.49 | 0.15 0.13 (%S) f=0.019, (%Fe);=0.16
2 1570 | 58 12.51 | 0.42 0.36 (9S) r=0. 027 (9%Fe) r=0.21
3 1555 | 60.4 16.37 | 0.48 0.42 [ppmO]=1 420—10 |(2S) y=0.0 (%Fe)f 0.23
4 1550 70 5.40 7 0.70 0.44
5 1550 | 69 7.931 0.71 0.48 | [9,C1,=0.05
6 1560 | 69 17.97 | 0.30 0.26 | [ppmO1=950—>50 [(%S);=0.05, (%Fe);=0.25
B-1 1570 | 70.5 15.53 | 0.37 0.30 | [9Si] =0.16-0.26 |(2%S) y=0.028, (%TFe)=0.19
2 1565 | 61.5 8.16 | 0.47 0.30 | [94,Si] =0.26—0.34
3 1550 | 70 10.66 | 0.47 0.32 [25Si] =0.26—0.32
4 1560 | 62.3 9.60 | 0.81 0.58 [96Si] =0.27—-0.33
5 1555 | 61 9.08 0.82 0.49 | [9,S1] =0.28-0.38
6 1555 | 61.8 11.74| 0.13 0.074 | [9,S1] =0.43-0.42
7 1560 | 65 9.80 | 0.68 0.39 [2Si] =0.86—0.79
8 1555 | 65 8.40 | 0.68 0.31 [24Si] =0.86—0.82
9 1550 | 65 12.06 | 0.13 0.091 | [9%Si] =0.96—-0.95
C-1 1555 | 62.5 9.57 1.14 0.34 | [9%6C14=3.27
2 1542 | 69 6.57 | 1.14 0.26 | [%C]e=3.41
3 1550 | 72 10.2 0.095 0.013 | [95C 1,=4.79
4 1565 | 52.5 39.4 0.23 0.11 [26C 1o=3.19
5 1560 | 61 64.5 0.39 0.20 [96C] sat. Graphite crucible
6 1570 | 57 42.7 0.23 0.093 | [9%C] sat. Graphite crucible
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Fig. 2. Changes of sulfur content of liquid iron
and interfacial tension with time in Exp.

No. A-3.
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Fig. 3. Changes of sulfur, silicon contents of
liquid iron and interfacial tension with

time in Exp. No. B-7.
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Fig. 4. Changes of sulfur content of liquid iron
containing carbon and interfacial tension
with time (Exp. No. C-1).
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Photo. 1. Change of the shape of iron drop (Exp. No. A-3).
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Photo. 2. Change of the shape of iron drop (Exp. No. B-7).

Photo. 3. Change of the shape of iron drop (Exp. No. C-1).
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Photo. 4. Evolution of CO bubbles during desulfurization (Exp. No. C-5).
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Fig. 5. Craphite crucibles used for experiment
No. C-4, 5, 6.
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Table 3. Distribution ratio and mass transfer
coefficient of sulfur.

K ks
Exp. No. Ls (cm/ sec) (cm/ sec)
A-1 0.25 2.4%10-5 { 2.6x10-4
2 0.14 4.3" 8.3
3 0.20 1.3 1.7
4 0.10 0.92 2.5
5 0.10 2.2 6.0
B-1 0.20 1.5%10-5 | 2.1 x10~4
2 0.28 3.7 3.6
3 0.35 10 7.8
4 0.20 2.4 3.2
5 0.22 4.2 5.2
6 0.37 5.7 4.2
7 0.24 6.0 6.8
8 0.32 6.4 5.5
9 0.25 6.4 7.0
C-1 1.0 1.5%10-4
2 1.0 1.4
3 3.0 4.7
4 3.7 2.0
5 3.3 4.5
6 ~4 ‘4.9
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EVvifis & RELER IS H5E L CHEZ R B 255
FRREIT LT Wb EEzbNh%. SibsWiCaeE
HWiEgkoH A (Exp. No. Al~6) 1200 T KT
Lg . %EMET5E 0.271~0.29 T, ZDHEHITIE Ls
(Table 3) X DEFAZV. Lo LB LLERZET
THEREALT D po, ZLT LHFRE UTRar2et &b
25N5DT, ZOBREBEGHR-RT FRETIE S D&
B PHIGELTVWRERTIWTHSS. Ik, TO
BAVESR, A5 7 ORKERBO S 5HHEX b o EiE,
EIEEHEE Ls X —FH LTV 5.

zhiext L CRafEsk %A 0P (ED1E (% 5S)/
as=3.7, ERIFH fs=5.5"3 D Ls. %HHETS
r 20 ThHY, AW TRDR Ls {E (Table 3) X v
mOREL, BHh-27 VRE TR S ORI EETE
LCWin27ed o L En D . SEE{LSER G b
GELTVRWES, SEE Ls B E & ety
LT THS D, EREBHENTREE-ZEEPMES 0
72. CHEARERIC BT 5ECEROLGEICR LS X
51z, IR D OWREE CHEAETT LT\ 2 H 2 TR
TWVWBRDTHEDT, Ly ODELER 51T, ILEE
R OEBRBNETH S S .
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CaO-Si0,-Al,03 2 F 71T X B8 OB & REH 4 1711

IR SEEEEEKE, C, Si 24 FWiEgkoEs
0.92~4.3%10-5cm/sec, Si SHEGDES 1.5~10
x10-5cm/sec EZETFAREL LD, CEBBSHOBEET
X 1.4~4.9%x10~4cm/sec 22 L <k, CO &l
FAEOHWMNE & b EAT @S RLONS. CRfmE
ROBZEDIH 4.5x10-4, 4.9x10-4cm/sec X (1) %
Dk (2)Rc b &3 X b sk bz CaO 40%
=810, 40%-A1,05 209, 25 ZiC>WTOE Ky=1~2
X 10-3g/cm?. min (=2.4~4.8x10-4cm/ sec) 2)3)5)8)18)
E—FHLTWw5. =R LCOKMRBLEDD HEL, BHO
FOSRERS TR RATRE VAW EE 25
DTHDOMIENGEREERIT, XV KRELETHAS.

CO QMBDFAED I VEE (R LR S P4 %
LT a5a) ORRRES, BekflomEsagssc
HIE, ()R BYD X 5 T WESENRE by 1I15E
FISHEEEEEKICE LY. LrLand Koffix, »ix
DIELDNTED, BHRPDO S OBENEEIZITIE—E[
RIRTRETHDHE2HE2S &, BSAOWEBBIE
HWEVEE 21T W,

25 TRIOWEREE#EE UT 1/K=pn/psLsks &
BOTHHE LR 5 o S OBENRREREK b ofis
Table 3 |Z7R L7z, ky=1.7~8.3x10-4cm/sec ‘C, %
HEBEORELOEIH D, KDFELOX L0 13/
BT, 277Kk % S OBEEENTEHT
HDHZELEFERLTVS.

FCDOBEOBE L, CO GURAE X BRIz XY
25 7O S OB EEIN S D, RELZR SO
HREC X O>THMEESYREINS X512, Sy
EifE Ls A PHEL D IRWDTHAS.

B OCHEGKOBE VIS EE Ls DRE VDT, BEER
JCDEREN ] {[%S]1—(%S)/Ls} 23Kk E W2 & % BikkH
ERKEWZ EDBERO—2THS. F7 Si, Al 0k
51T S OIEEBREEZ R IR HILEDORIMISENE Ls
RS LOTHMEEZRET 5.

4.4 Ca040%-Si0,407%,-A1,0,209, 254 & SEER
SEEDRE RN

Ca0-Si0,-AL0;H 2 T I X BEESkDRRICEE LT
SIS SR 2S8R T+ % & 55 DERYABIN
LMz kb, CaO-ALO; %A J /X B OB AT
RERSTDEIREEBET 5 D3 2 EAKT 5197 &
DHEIN TS, ERRISDES OBBREE R 3X
10~% mol/ cm?- min DA EO# & R IR 1 OB E R T A3
MIHEME LTS,

ARFEERIT 51T B BLBRI it DHEFTIT AL 5 FIE R J) 025
ik Fig. 2~4 WR LIS BMFHic AL LTRY, B

1400
1550 | exFe
~1570°C o Fe-Si

12002 o Ooietal'™

—-—Popel et al?®)

R
£ 1000j0°5
\j\x
N

800 < %%h
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0'S

Fig. 7. Relation between interfacial tension and
activity of sulfur in liquid iron.
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Fig. 8. Relation between rate of desulfurization
and change of interfacial tension with
time.

WERLIA SN D, KEROBFE, SOBBIEE
DA 3.7%10~6 mol/cm2. min (Exp. No. G-2) x5k
FOLDEOTVWAHEX DV /NS okl DREET LS Eb
N2l dFB2oh5. SHLEKRHNE2ETLMET
b5.

Ca &/ WIBSkOBRHR G OEFTICHES REEN &
BSOS o' OB%R%E Fig. 7 WR Uik, #Hgkdo
Si BRAWRNZIETSE 52, 1% Si BETHREIOE
I TELDOT, RIIBHTIC OV TORERE R T
X,

REENINROETE L DITHEA LTS, [
CFELT208BEDEOBELRENVIDLEEL LN
5. WSO TIXOSRII PR VIET L, FEER
NETHRE LS. PFERERDE a5 OBfR%E
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1712 g & W

% 64 £ (1978) 125

EOTHREP2RPITKOERTE L. K ds 0BT 58
1200 dyne/cm 5 as OHAL & HICARITET L
TWS. R fboMREHEDI®DOKERL T L. B as
R TIHIFIE—FH LTV B, K as 48R Tl b o
ENRHDL. EROF — 2T ODEENRESENT DL D
T vhrEEZLNLS.

RicHarRDSONZ)) 3R T W5 X 5 ICHEIC KBIT HRE
BENEFIE, TREISSWESEIREEEZ RS
BaORERNOZEHERREC AT 513 3 °h
%.

E2C, Lozt 2OBOEIVNEL, FOPME
PINSwEEZBND Si EHEROEEDOERFERIC
DWTHFEART LD HFig. 8 ¢ 5. [pkEE 3 Table
3D Ls, K ZHVWTCEIE LETH D, REEHOZE
R 25 7 Lot 2 i kol Th
D, HEBEOEREID LN, NROX S CHREETD
BRI R B AT 5 2 L83/ b 5.

5. #5

[

Ca0409,-810,409,-A1,0,20% =2 5 T X 558D
FE Bty B D5 35 X OB @ X2 A L SR 1 o
B, AMIRBOEIZE 1540~1570°C 12\ CfFheo
7o BONIHEREAENT L LROTLELTH 5.

L. CRELBSkoARmARb#E, CHoH Vi
Si 28 R VIBSROBE R D EHDT.

2. CHfnd 5\ IxE COBBOREOEICIE CO 4,
A, £& UTHEH-2 5 FREOhREsthios 554
Liz.

3. BBEHE DT OfER, CEE&IRVIAkOEE
(CO K[IBREDLVIBE) WIXREIZEWT S D4k
FHIDHAL D TW B, B CESk OB 1345 H AT
FELTWR\WZ L 83AE U7z,

4. EREDOZ E X0 ECHESOBH IS T3 RE LA
RIGRERTEHNTH D, CE2EERWIEEkOBEEIIT
S OBEELE (R 5 7 B 5 BERLEE) TH 5.

5. RDOLNIIEFERICERE£$130.92x10-5~4.90
X 10=*cm/sec T, CEBIFIASR DB BT R IR E DOz,
CHEERVEBZHRORRIEOWT, 257 [MicksiTs S
OBEEE L L TRD I EBEIIRENI].7~8.3x10-1
cm/sec THD7z.

6. RERINIBFEE S OEFTICE>THEAL, RE
RN RECRWIREENS D5 X5 B R S v
D7,

7. PEE-A 7 MO RWIE K 1200dyn/ cm T,
Bk STHEDOH AL LA TABTETT 5.

WD ARV AR 49 FERERE ORI X D
ThhicdhDThb &, FichAARgKRRSLD
BI W nWen LR LTERHOBER L ET
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