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Improvement of Desulfurization by Aluminum Addition into Hot Metal
in Powdered Lime Injection Process

Takeshi SHOJI, Toshiharu MITSUO, Yoshihiro HaTra,
Hitoshi ONO, Hisashi MOR1, and Tsuyoshi Kal

Synopsis :

Improvement was obtained for the reaction efficiency of hot metal desulfurization by lime powder
injection with N, gas by prior addition of aluminum. That is, the desulfurization rate was markedly
faster for Fe-Cgy-Si-Al-S melt than for Fe-Cguq-Si-S melt. Reaction layers on a lime lump immersed
in the melts were examined by use of electron probe microanalysis and X-ray diffraction. The imp-
rovement of reaction efficiency of lime by aluminum addition was interpreted by the following results
of the investigation.

In Fe-Cgy;~Si-S melt, solid 2CaO - SiO, and 3CaO - SiO, layer were formed on the lime surface,
which retarded sulfur transfer to its interior. On the contrary, for Fe-Cg,;~Si-Al-S melt, rholten
CaO0-ALO;3-FeO layer was formed on the lime surface, which enhanced sulfur transfer, and moreover
the layer disolved sulfur up to appoximately 509%.

Aluminum concentration to get the improvement of reaction efficiency of lime for plant scale opera-
tion in 250% torpede ladle was determined to be 0.005+ 4Al%,, where 4Al is the amount of aluminum

loss during the desulfurization.
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Fig. I. Sample holder made of carbon.
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Fig. 2. Increase of desulfurization rate for powdered
lime injection by prior addition of Al to hot metal.
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(a) Fe-Cgpe-Si melt (b) Fe-Cgpy-Si-S melt
(a)(b)(c)
Photo. 1. Electron scanning images of reaction layers on lump limes immersed into hot

s /

metal for 5 minutes.
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Fig. 3. Growth ratc of reaction layer on the
surface of immersed lump lime.
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(c)(d) Fe-Cgyy-Si-Al-S melt

lime burned by rotary kiln (d) reagent lime pressed and burned

Table 1. Determination of compounds in the
reaction layer of lump lime.

Melt Immersion time Method Identified compounds
Fe-Cgai-Si-S 60(min) EPMA gg:g:gggi’
Fe-Cgp(-Si-Al-S 60 X-ray CaS, CaQ, 2Ca0-Si0,

diffraction 12Ca0-.7A1,03, 2CaO-
FCgOg, 4CaO‘F6203'
Al,O4
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BB,
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Fig. 4. Electron probe microanalysis on the cross
section of lump limes immersed into hot metal for
5 minutes.
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Fig. 5. Change of sulfur content by injection of

pre-melted CaO-Al, O, powders with several of

Ca0O/ALO;.
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Fig. 6. Electron probe microanalysis on the cross
section of lump 6525Ca0-359% Al,O4 immersed into
hot metal for 5 minutes.
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(a) 2Ca0-Si0O,
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(b) 3CaO-AlOs

Photo. 2. Electron scanning images of lump 2CaO-SiO, and 3CaO-Al,O; immersed into hot metal

for 5 minutes.
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Fig. 7. Influence of initial sulfur concentration on

desulfurization rate of hot metal containing Al by

CaO.
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Fig. 8. Influence of hot metal temperature on
desulfurizauion rate.

BHEEYE L TR EARERZ T, RIGEERR
LIETHRHREOFELR/E LL., L OHKPEY Fig. 8
CARTH, BHRE BV EREEES K& D,
Ehic CaO o 1250°C B~ OBEER (fitDER
Stz 2-1-2 KAL) © fEE % Photo. 4 TiRd2i i
RIS T3 L Z binh 2.

3. REEAOHEAHAR

31 EREBEAR

BEE Lk i E % A\, Table2 R 1#a%EH#
T Lo TREERB YT o7, Al 12 CaO g EF AR
AT LTI iciRin LB L.
3.2 RERER

3-2-1 CaO k& ALER

Al #bn o BRI X % BiiiRO g% Fig. 9 iR

— 69 —



surface interior

Photo. 3. Electron scanning images of lump 809,Ca0-209%Al1,0, immersed into hot metal for 10 minutes.
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Table 2. Operational variables of hot metal desulfurization by powdered lime injection into
250t torpedo ladle.
Al Hot metal Initial [S] N, flow rate Immersion dep- Lime injection Lime consu-
th of lance rate mption
No addition t/ch % Nm3/h m kg/min 3~7kg/t
220 0.03~0.04 300~ 500 1.5~1.8 50~60
Addition . 2~6
100 T T [S1r, [Slr: BEBEMEBRTE D [S1(%)
® | Ag addition
: CaO ofi —
o | no AZ addition « 20 offE ( )
8ol Weao : CaO DFRES:  (kg/t)
S K pifite sol. Al @2 0.0059, B % izt
~ O, > oy
2 6o} g T52, Thilk AlBERED T4 KEEE & 7
£ o B, ERBAERD sol. Al BEE (dol. Al 134z
= ) F—2EHe CaO FEEAICHAI LT E 5 &\ 5 REEMN
Aok o p y
5 Y 09" BONAOT, Al FRIMOHEL RS 25 O BT
2 0090 Boh AL Wa RAKRTHRERS.
2 2 ,/ ° W 41=(0.005+ds0l- Al) x 10/ (kg/t)---(5)
e TIT o ALEMSED (-)
0 i ! ! I L ! ]

0 1 2 3 4 5 6 7
Ca0 consumption {kg/t)

Fig. 9. Effect of Al addition into hot metal on
desulfurization ratio by powdered lime injection
into 250t torpedo ladle.
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[%AQJ so| at the final stage of desulfurization

[SJ; and [SJ : sulfur concentration before and after
desulfurization respectively
a : purity of lime(—), Wg,o : comsumption of lime(kg/t)

Fig. 10. Relationship between K-value and
sol[Al] after desulfurization.
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Fig. 12. Schematic model of desulfurization
reactions.
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