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Oxidation of Sulfur in B.F. Slags to Sulfate

Kimihisa 11O, Hitoshi MORISHITA, Nobuo SANO,

Gaku WATANABE, and Yukio MATSUSHITA
Synopsis:
In order to remove the deteriorating effects of B. F. slag caused by the presence of sulfide, an investigation

has been made of the oxidation of sulfide in B. F. slags to sulfate for samples in the form of planes or fluidized
powders at 870 to 1200 °C.

The results obtained are as follows:

1) The optimum temperature to oxidize the sulfide to sulfate with suppressing the evolution of SO, is
1100 to 1200 °C for slag planes, and is 900 °C for slag powders, the difference between the two being due
to the sintering during the oxidation for the latter.

2) The rate of oxidation of sulfide to sulfate is controlled by the diffusion of oxygen in the slag.

3) The dissolution of S= into water from treated B. F. slags can be prevented when more than 909, of
sulfur exists as sulfate.

4) 'To achieve the result indicated in 3), itis estimated that slag powders of —200 mesh should be treated

in the air for 2 hours at 870 °C, for example.
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Fig. 1. Schematic drawing of experimental
apparatus.
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Fig. 2. Schematic drawing of rotary fluidizing
furnace.
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Table 1. Equilibrium SO, pressure as a function
of temperature.

T (°K) 4G° (kcal /mol) Pgp, (atm)
1200 86.3 1.32x10-14
1 300 73.9 2.53x10-1
1400 61.8 1.53x10-8
1 500 49.9 3.68x10-s
1 600 38.2 4.16 X10-4
1700 26.7 2.52x10-2
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Fig. 3. Oxidation of sulfur in synthetic slag in
oxygen flow.
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Fig. 4. Oxidation of sulfur in B. F. slag in oxygen
flow (@ determined by chemical analysis of

SO4=, O determined by evolved amount of
SO,).
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Fig. 5. Chemical potential diagram of the Ca-S-
O system at 900°C and 1200°C.
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Fig. 6. Oxidation of sulfur in B. F. slag in air
flow.
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Fig. 7. Oxidation rates of sulfur in B. F. slags at
various temperatures.
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Fig. 8. Evolution of SO, with time at various
temperatures (sample weight; 40g).
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Fig. 9. Oxidation of sulfur in remelted B. F.
slag and synthetic slag in air flow.
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EALE UcibR % Fig. 9 R L. BREBELLER

AT, FEECAE LLTooikci®d, [EERKE 90
rpm Lok A, RIFARENREN S Hh, Beksxy
i entEi. HEBEMLILRBFAS 713, 120min
T 902 OWEELEEY RLTkbh, 870°C kit s
—200mesh OFIF A 5 7 DBE &, ZITRBEOKEEY R
Lic. LasL, SO, oF4:&ix 120min OBFET, M
HEIOLMFED 0.11% ThYH, BEMULLVWEFA S
ZOBFFEI DD, T, BERLLEFEAS 7d
ik, ik CaSO, 23HE L5 cdic, EEEFIM
D SO, DFRAENDI D ERBbRS. KA 70
B&13 120min CHREELRN 14% &, D CRIGH
EL, SO, 0FREED, HHBAUTThHOR. D
ik, KK D CaO-Si0,-Al,0; BA T 7D, #F A
B DGR E A~ OBBIRE A 950°C {13512 D 7cx, 870
°C LW MBERE ALY 7 AREBIE S D, HBab
DEERDILEGEE A/ NE Wb EBbh 5.
3.3 WK ST OGRS (LNE

Fig. 10(a), (b) 1X, 1200°C & %13 % G A 5
7, Fig. 10(c), (d) &, 1100°C, 1150°C =31 %
EFE A5 7 ORREED SO, SO,=, S=nE&L,
HEEE OBFEERLELDTHD. A5 7RI
Table 2 12/R3. WREBELRKIGS A 5 7B OBEDOILE
BEThHLEEETHLE, BR A5 70 REELRIG
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Fig. 10. Oxidation of sulfur in the slag plane in oxygen flow.
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Table 2. Compositions of slags (Wt%).

CaO | SiO, | ALO; | MgO

S@) | 51.1 | 39.9 9.2
S@2) | 41.1 | 30.3 | 26.6
B.F.Slag| 41.5 | 34.8 | 17.5

S
(&)

02(9)
¥ 502(9)
_ A
surface EJO'

jasa=
Tyt
' JL L Sz(unreocted zone_)

center

207 + 8e = 407

T —
P -

504: + 2e = SO0y + 207

F—

ST+ 407 = S04 + 8e

Fig. 11. Schematic illustration of the reaction
model for oxidation of sulfur in a slag
plane.
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FhEnoEXiL, ToRCII»RDLNS.
a =(1—-Sr/si)><E (11)
b =(1*Sr=/si) X E (12)
Sy REMFEE S wHREEE
E:RpExx1/2  S=: BRERCDRFRE

S TRBE X Imm Th 55 b, 20 1B EE
(Fig. 10 FQ), 26 13, ME-HERLE (Fig. 10
Fo@) LEUHECS.

Photo. 1 1%, ¥t S(1) OWEEETH 5. BHiHE
L, G L Bihhs i EiE s A
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DML, TDORFD a L b OFEfER Table 3 iR
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FTBEND, AETFAOBANEMTHLC Lhvb
b, :

SEWROSE, RIGHINBEEE L RET S &, 2R
EREUT, RORSBILTS.
F2=(2D/qE2) (Co—C*)t=1/7 +rveereerre: (13)

D : JEEURH [em?/s] ¢ @ BAMLAREh OFE O € L

¥ [mol/cm3]

Table 3. Change in reaction zone with time for
S(1) slag plane.

Time width a, calculated| b, cal.
(h) (mm) (mm) (mm)
3.0 0.11 0.11 0.13
6.0 0.23 0.15 0.20
9.0 0.34 0.33 0.42
12.0 0.40 0.33 0.43
18.0 0.50 0.46 0.50

A

AS(1) 1200°C
1ol OB.F. 1150°C
®B.F. 1100°C

] 1
0 1 2

log time (h)

Fig. 12. Plots of log f vs. log¢ on the oxidation
of plane slags (f; a fraction of oxida-
tion to sulfate).

65~100 mesh

0 60 120
Time (min)

Fig. 13. Plots of 1—-3(1— f)234+2(1— f) vs. ¢
on the oxidation of slag powders
(fs a fraction of oxidation to sulfate).
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Photo. 1. Microphotographs showing the formation of the reaction zone for slag, S(1)
oxidized at 1200°C. Dark area is a reacted zone.
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OB FDOFHREEY 9.0x10-3cm & LT, kRICI D
D(Co—C*) ZFIE LIz,

D(Cy—C*) =qR2/6r «orovvverereveerrinnenn (16)
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latm OEg L, 0.2l atm DO L TE L LI\ xR L
T\ %. &7 Fig. 12 k Fig. 13 » 58D bt
D(Cy—C*) Dt E %, 7Vv=UARKLSE T m,
A LCHE Li-0s Fig. 14 Th 5. kA5 7% H
WICER BE bR IEE, ERCESTED, ZoOF
ENBRDT, AT OHEWIL= R ¥,  60kcal/
mol TH 3. Zhit Kingery 5873 40Ca0-40Si0,-
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Fig. 14. Arrhenius plots of D(Co—C*)
(@: plane slags. ll: slag powders).
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et bEL RS, FE, REEACHEST, FomE
tnd, MEMESE L, WFBRC > TRE) L Tuw
Qo b, HECIOTHERIN. 22T, 810°CT
DAT SOBMEEY - oORGAEBXY l L3$5 &,
920°C i3 0.48, 970°C —Tix 0.23 LEEZIhS. 7t
B, WRAS 70 HE&13, RIGHEE © BlLxivo
<, Ko EEH, RGREE—EO HEE AL T
2z B, FRICEWT 1150°C oBa% filic s %
L, D(Cy—C*) Ojﬁﬁbi, 6.6x10-12mol/cm-s & 755 .
— KINGERY & bkEF 4 1150°C [C4ME LTkad 7D

DfEr 1.3x10-1cm2/s THbo, zhhb C—C* D
i 0.51 mol/cm3 LEHE Ih 3. Cf o /hXisfH
T, Co—C*=Cy LFEMPTESLLLT, AEBRDORT 7
HE, BE»D, IMYWEEXBRI A v E L TEORE
2 ET5E 0.073mol/cm? L7c b, KINGERY HDD
D% FVTCFE L €, Off, 0.5mol/cm? 1%, IKE
MEBEEEOCT G2l ticikyh, —RAEHEHCELR
5. KBFRDO AT 7R, X ofEEMT, D ofFn
KINGERY BLOfEL H b EFRECZEBTFEINS
L, FRAERPEBREROMEZEEOHM LIX LT
Wig\ e, BT D OfEOWTIL b A D Cilim T
X EEEZLE, BEAS IHOBEL & v OIR
B RNEEBMETH B LR T AR, - XK
ToThHs5.

EECHESE LA 1T 5 BE, 100% OREELE
L EIIAERETH Y, BEEECAE LicA 5 723K
WK & U s, REUSHRAL O HIN K OREC
T B b LENES. £ T, —200mesh OFFEE
R A S 7 &, 72y ThR LeREKES X 0K
%, 1:5 OBREBITHEIE, ZRx LK LICTA
iz, 40°C T 4dEREFEL, otk BB S= %
LSO~ i afTote. KBMELRCKT 5, &E
K, ko S= RS Table 4 iRd. BREBE(LE
BERTHEORT, ST RBEIREITAO2TSHT
Lo s, i, WEBE(LEN 49% L, 82% DA T
2R T, WK, K WThoBE b FEAKDRE
N H B Sh, B 9% 0boit, FEFETEY
AR LI, 86, 87% DA T Vit \ Tk, FEK
DREEL DI, —F, AT IHROREEE O HIEE)
BHFERI LT B, WEELERY 80% Ll EoBs, KE
Kep~13, A5 7HHEBREO 4 E~ S ENREH L%
Z Eavbhpyote (Table 4). Lo L, #WKP~E, A7
7 HpRERE O 1 EIRE LB LT, KPRk
L rd L, BREHE T 916ppm o SO~ HHFELTE
D, ThRAT B0 SO~ OBHEHESE TS

Table 4. Dissolution behavior of sulfur in treated B. F. slags.

SO,~/T.S(%)| S=(ppm) | S=in sol./T.8= (%) | SO.=(ppm) | SO,=in sol./T.SO,= (%)

49 59.5 8.5 270 36.9

. 82 97.4 11.0 503 4.5

Distilled water 86 4.6 2.4 579 48.8
87 1.6 0.9 480 39.4

49 364.0 51.7 165 99.5

s ror 82 98.4 11.4 4 0.4
€a wa 86 0.2 0.1 74 6.2

87 _ = 146 12.2
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EEz2bRA. WTRIZLTHKRFD SO~ 12EE LD
T, WHOSVIBECE b, BEDZ Enb, &
FAS r&K 90% ¥ ChHlgEfTHZ &y, S-
DBHHEFIEL, BIFAS VY &2EENTSHZ LA, "R
Wwie s LiE#wsh. Fig. 6 X n, —200mesh oFfF
25 7% 9% WL+ 51y, 870°C T, 120min
BB T I+ Th B bbb, Ei, FIEL
72 D(Co—C*) Ofix i\ % &, 920°C T X 75min
¢, 970°C TI3 55 min ¢, 90% BhEgHEIL Lic, HEEie
BIEAS I RELZENTED LFE IS,

T #

1) B 25 7o, BARETRLETLIC L
o, BEEE LCAT FRcEE TS EAREET
B5b.

2) BEEE AT, EeHCHREBEILRELT ST
1z, 1100°C~1200°C M4 TH5.

3) EiEmEIEAHEVSZ Xy, KR CHREZE
¥, SO, DREX B XL DD, AF /HHRELHREL
TAHZEMBAEETHS.

4) EHIEHRENE Y I\ CHREE LB A 1T 5 BE O
BREZ, 900°CHHETHS.

5) Ri# Aw2es, (Po,=0.21atm) HHTH,+
SVCRERE LA T E 5.

6) =35 SHHEOREBEE, AT FROBEDIR
AR oo TwWB EBbh 5.

7)) BIFEAS 73, 90% BRBEILT S &L 2T
S= DBEHEIELEAEH S ENTES.

BB, ARRCFERE B Wiciwiz IRSID ©
Rieoup, OLLETE MHILE X 1, BERBBE B X
Eic2 L, Mg wiciivie, ERAFETIEN, HE
Jl Bz, REEZEBIF BT, i, RPZUL,

AFN 50 FESCHARFEMRE 0B ciibhic &%
A3 5.
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