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Production of Ultra-low Sulfur Hot Metal by Desulfurizing with
CaCO, Base Flux and the Reaction Mechanism

Yoshiaki HARA, Michiharu OzAwA, Yasuhiro HABU,

Sumio YAMADA and Fumio SUDO

Synopsis :

Hot metal desulfurization by injecting CaCO, base flux into a torpedo car has been studied.

The desulfurization efficiency for CaCOj; base flux has been found to be higher than that for CaO base
flux. This is attributed to the increase of the reaction interface area due to the thermal decomposition of
the injected CaCQ, particles. The rate determining step of the desulfurization reaction in this process
is liquid-phase mass transfer when the sulfur content is less than 0.013%,, and mass transfer in solid par-

ticles when the sulfur content is more than 0.0139%,.

It has also been revealed that the endothermic effect of the thermal decomposition of CaCOj, is com-
pensated by the exothermic effect of the desiliconization reaction by CO, gas, a product of CaCOy, de-
composition, and therefore does not result in larger temperature decrease of the hot metal compared with

CaO base flux.
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Table 1. Composition of CaCOj; and CaO base fluxes.
(%)

Flux CaCOs Ca0 c CaF,

CaO base 35 57 5 3
I

CaCOyj; base 70 22 5 3

Table 2. Operating conditions of desulfurization.

Heat size 260~ 340 t

90~ 150 kg/min

Injection rate

Carrier gas N; 0.5~0. 7Nm?/min

Lance immersion depth 1.6~2.0m

Flux size —200 mesh

90~150 kg/min DRifF %A 0.5~0.7 Nm3/min ® N,
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Fig. 1. Change in S and Si contents of hot
metal for CaO base flux.
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Fig. 2. Change in S and Si contents of hot
metal for CaCO; base flux.
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Fig. 3. Relation between Ca consumption and
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Fig. 4. Relation between flux consumption and
amount of desiliconization.
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Fig. 5. Temperature decrease during treatment.
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Fig. 6. Influence of S content on desulfurization
efficiency.
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75, 7 AT 0.07% LEEI D, ERL - HEE
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Table 3. Heat balance for 1kg/t of flux®®,

_ Heat of reaction | C2CQa base flux | Ca0 base flux
Reaction (kcal/mol) mol alc;ﬁfé:';raluew mol ca'?:'; I\)/alue

Sensible heat of flux 20°C+1350°C -300 -300
<CaC0,>=<Ca0>4Co0, ~-428 7.0 ~-300 3.5 - 150
CO,+1/2[Si]=1/2<Si0,>+CO 46.0 4.6 212 2.3 106
CO.+[C)=2CO -35.9 1.8 - 65 1.2 - 43
<Ca0>+[S]=<CaS>+[0] -73.9 2.1 =155 1.6 -118
{SiH2[0]=<Si0,> 185.0 0.7 130 0.5 93
[C1+[0]=CO 31.8 0.7 22 0.5 16
2<Ca0>+<Si0,> =(2Ca0- Si0,) 194 3.0 58 1.7 33

CO+1/20,=CO0, 67.7 0.45 30.5 0.36 24.4
Summation -367 -339
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~40% X, CLRIGEL CO ¥ ARRETELEEL bR
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Co_l_%()2=CC)2 ................................. (9)
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HEYHEL, BT LEE LIRS Table 3 105
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iz, EE{E&—FEKEQL CaCO; % & CaO R75 47
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Fig. 7. Unreacted core model.

C : Hot metal
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A RS RERE
k: REHEBEGRK
V: B
[%8S1e : ¥y [S] B
[%81e=0 &L, (10)R&HHT5EA)REES.
[%S]=[%S]o exp (._aW) .................. (11)
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W &iAA R CaO FEAL (kg/t)
a: HEFEH (kg/t) -1
£z T, CaO pMAKEEY o' (kg/t-min) L33 &,
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EIREL, Fig. 7 WRTRREH =51 #5225 &,
(12) Xz 5.

;d"s — ————DS ves e TRy .
dt*_Aa LsCs - (12)
ng: BitEE (g)
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Ls: SS¥ELRLH (—)

Cs: ¥l [S] BE (g/cm?)
o, KGR (CaS) dhod SR CF #EMEC LK
BB SMERmEBHSEBE Cs & Cs ok, Cs/CsT
EEIND STHEMRLEEEEL, chi Ls L L7
REAFNEBTR 7 59 7 ABRETH 2 LRET 3
&, (1R () K& 5.
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" - (13)

r: RLoFDD B RIGHRE E TOE# (cm)

—F, r OB ()RTEL bR,
dr _ dns L e,
dt ~ dt  amrcE (14)

C§: RIGEHFDSEE (g/cm?)

(13), (AD)Ep b, dng/dt #FEL, t=0~t (r=a~r)
OEFETELS L, (a—nN<Ka (a: FNR) rAUEH-
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AS =47a2(2LgCsCEDT) V2 envvenennnininnininenn. (15)
1 vy =7 VIEEORSE, BEEEL(A6)XN TSR
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n : BATEFRINC ) O 5 » 7 AR E A
ZH{E%L (min-1)
Wam: BHE (g)
pre : BEIEE (g/cm?)
pceso : CaO FE (g/cm?)
v : CaOWAKE (g/min)
Z 2T, n=3v/4ra%pci0 THA. (15), (16)5K X b,
Cs(g/cm?3) % [%S] w5+ 5L (17), (18) AxfF
5.
M=—‘B’[%S]1/2 ........................... (17)
dt
B'= apci‘z;/_HM (2LsCEDgpper) V2 «oovenree (18)
t 4t CaO FEfr% W(kg/1) L35 & (19), (20)
AXEB.
[9S11/2=[%S]oV/2—BW ooeereevumreennne (19)
B = 000y (2reDsLsrCR) VA (%62 (/0 =)
-+ (20)

BiFE 7 5 » 7 AR ZAZ T 30s PR CTHE L7z # £
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Fig. 9. Relation between S content and
rate constant .
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TT5 L HEINS.
4-3 BRHMRISICRIZT CaCO; OXFE

1350~1400°C DA XA ¥ iz CaCO, KD
TR FARE fodie, BERE lmm o CaCO, ¥z
1400°C i Lic 5 oA L, MoBRELY
#Hi22 L7-. Photo. 1 ILR3 X 51T, &ic 1400°C ¥
TREN ERT5 L, CaCO, Fld & » MM ibn 55
THZENEDBRB., LiehoT, CaCO; ¥ iék
hicik A E N5 L RARODAUNETHEEZ DNRD.

LRk xi3Atr CaCOy £7 5, 7 A%, Photo. 1 a)
iRk L X 5 o BTt ¢, Photo. 2 WinT X 57
BRI SR SE Lo RBBIe 5. CaCO3 DB fRLY,
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a)

a) before decomposition

|05mm’|

b) after decomposition

Photo. 1. Change in shape of a CaCO, particle thrown into a crucible kept at 1400°C.

( 20um |
Photo. 2. Scanning electron micrograph of
CaCOj; base flux.
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KIh7R X5 &, CaCO; FeRt LT 1.7 pm &
AHHEINS. CaCO; ORIENFi% R Lic Fig. 10 55,
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HoOBREA 5% TE¥RV0 T, KA % hi-
CaCO; KDOKIMIBHAIC BATEEEL DN S,
Th@x, CaCO; WABEHFCRALIE, LBl
KROSHPRZDLDEHEINS.

ZD X5, CaCO; 2K OB & BE L KDy
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Fig. 10. Distribution of CaCOj particle size.

D CaCO; DHEE X M7 CaO By CE XML 52 LiX
TER, W52 ETHAS.

42 fiTRc X o, BIBRAEAHETL [S] BE
METT 2ok, BEHR G O 8E B E ok PIk i
BHED DR ARSI EE~ LB T5 8, WwTFho#
HEBEEOBETH, RILAHEEOHINIBRHRIEHED
[ EeFET5. Fio, KIGH#ETL [81<0.013% &
7% &, CaCO; Oy fRER » 2 CO, & [8i], [C] &
DORIGETHE TS CO H 21 X3 plume zone ki3
ARBHDR L BHRSER LeF 5T L E2 bR 5.

5. & E

CaCO; R7F5 9y Z7AR I~V — VI —HTKEAL
LR X YBHBREIT, CdO RV 5y 7 2 O BE
EHB L. BB RIZUTO LI >CEHYIhS.

(1) [S1 # 0.015% HEfHC R % BB %) 2
CaCO; 75 » 2 AT 20%, CdO %75y 72 AT 12
% Thb, CaCO; R7 7 » 7 ADFHH@E. % I,
CaCO; 27 5 » 72 ADES 8.3kg/t ¥k XAy Z L1z
Xbv [81=0.001% »Ebhb.
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(2) »35, 7 AKHEM 10kg/t To BB & 12,
CaCO; 75, 7A€ 0.08%, CaO %75 o 7 AT
0.05% TH%5. CaCO; 27 T » 7 ANFERICIHEE R
KEVDIX, CaCOy OHRIC X O>T ETSH CO, HA
& [81] EARIETHHDTHS.

(3) CaCO, 75 » 7 ZADHEHIL BEEEETE
OME L7 5 X, ik, CaCO; 43 fRERE D B
2%, CO, 2 & [Si] L ORIEHORBW X FEH I
EMBETH5.

(4) CaCO; &7 F » 7 AL X BRI, [S1>
0.013% CHEERPILEE®E, [S1<0.013% TRMUK
L SEETH S LHESIRS.

(5) CaCO, £7 7 » 7 ADBRRAIELS BLDI,
CaCO; DML X b #iflle CaO KxERTHZ &
LBEBR LR SRR AZER I Y, RICAEREH
mEBicHtELLRS.

ABROREX TREECHATA L XY, Bk
2 A MIRERD CaO REB LY 0% EKTIEBE
EMTE, 22 MY YRKRELFELTWA.
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