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Manganese Distribution between Lime- or Soda-based Slags and Liquid

Iron Containing High Carbon

- .. Nobuya SHINOZAKI, Sadamu SAKAMOTO, Katsumi MORI and Yasuji Kawal

Synopsis :

The manganese distribution between lime- or soda-based slags and liquid iron containing about 4% C was
examined at 1350, 1400, or 1 500C. The effect of calcium halides on the distribution ratio of manganese

was examined for lime-based slags.

The ‘distribution ratios of manganese for CaO S10,-Al,0; slag were nearly the same order of magnitude
as those for soda-based slags. The distribution ratios increased by the addition of less than 14% CaF, or
CaCl; to the CaO-Si0O,-Al,05 slags, while they decreased with increasing CaF, content for Can based

slags containing a small amount of SiO, or free of SiO,.

As a result of the comparison of the oxygen activities in equilibrium with Mn, Si and C in the iron, the
equilibrium for the reactions in which carbon participated, e.g. (MnO)+ C=Mn+ CO(g), was considered not
to be established in the reaction time given here when the slag of high silica was used. However, the
quasi~equilibrium was estimated to be attained for the displacement reaction between Mn and Si. Then,
the apparent equilibrium constant, Ky,-s; = (% MnO)% Sil'’2/[% Mnl(% Si0,)'"%, for CaO-
Si0,-Al,03-CakF',, CaCl, slags could be expressed by the following equation;

IOg K'Mn‘Si =

~—0.84 {(% Ca0)/(% Si02)—0.067(% CaF,), —0.025(% CaCl,)} —0.29

Key words : hot metal treatment ; ironmaking ; manganese distribution ; slag-metal equilibrium.

1. #

W, BHEOHMZHETHEO a2 boKEIL% B
e LT, BESERcolin A, BRICEY A%, M
BVPERIED SN TELY™, 75 5 7 AIZonTn»
2E, "aFr AT EURIKR T I vy 7 AB XY —

Y375 97 ZA0FERMIRER SN, —FH, Thoo
T 7 RAEI Vv HrDHEBDITLTCOLERNTHSL
L AHIS Ty 5999

CUH AP TER RS TH DS IS , BT
WLBE D~ > o DEBEFANALZ LB EDOTEET
by, FHAERARAS 7L BEsBo~ s o aEICE L
TICIEHETOEBNHFEIfTbhTws, HE57 5
&, 1500°C T CaF,-CaO R T & & ji 381 1 8k
D= H GRS CaF, BR RIS KT ¥
HIEEHELTYS, #FE567, ABSY I1AXR5Y 3,
V—FRA5 5L REBND L VIBESHAEOBEED

il

o< > > SR 25 7O Na0 &4 208N &
EDBIETTAHELTVAS, AIFFEEOBE/IIE, 25204
WR T BRI TOEREBSR-R I IO~ oo
DEBHTHOMIHALTHLDOTHAS.

2. R B ¥ &

EBICE, WO ALYy FESENF %
R L. 20% LLED CaF, #5HT AR 72X 5
EERO KIS B LU Nay0-Si0, 2T 72 & 5 EERIZ B
WTIHEIRAOIFE, FOMDEERIZIOWTIET IV F
BOIEEHWT, HREE 29 78 % Ar SEF T,
SEERIRAE IS 90~240 min fRFE L7z, Z ORI, F#FE%
RETHIDBEHRBIPBRA T V2 AEFITEO>TH
g L7, SHHOREE LT, BESHIEICLS
THAE %, F-BBRIAEsELHETCRAS 7 %
PRELL 72,

BRI 4% DREREHETHLDOT, —HoOR

BN 59 F 10 AARSHEERARICTHE M 61 £ 9 A 22 HZfT (Received Sep. 22, 1986)
¥ JUNKFELFE T (Faculty of Engineering, Kyushu University, 6-10-1 Hakozaki Higashi-ku Fukuoka 812)
*2 JulkEFEKREFERE (3R : b3 ¥ HE)HE) (Graduate School, Kyushu University, Now Toyota Moter Co., Litd.)
*3 3T H ARLEK (BR) B =3MrAF%EAT  T1 (R & D Laboratories- I, Nippon Steel Corp.)



1110 o W

8 73 4 (1987) 5 9 &

BHZIE 0.5% DTo~> oL, SREEGBRIE
FHWT Ar FAKFE R THEREL 72
25 TR EREROREE~ 7, REEAN Y T A,

KEEF DU LA, ERKITVER, BT AVI=T A, 5D

kAN o, FBAEHI NS LZFTEOHBIC D XD
CEAL, B3R TCRREBEML TIERL ..
CaF,, CaCl, # 8B T AFAKRA T IV BLU Y —FFR R
7 7, SR & EERIREE ICINBER L -0 bIRA L 7.
RIL =gkl BHicowTid, =¥ 7y, FWEOSH
FPOLREET, REMTEBEARETITY, —30
LA EAMEST LT o1 27 ZREHZI D>V T,
50FK, BEIAA CEBREICL S THML, ZoMo
B AL FE ST B X OEF BT R R L 7.
AIKFRAT 7RIz EBRDZ i 1350°C TITW,
V= FROPA 1400°C & L7,

3. RBHERBLIUEER

3-1 RST-ASNEADTH S

3-1-1 RAIKFZERT S _
AKART 7R i EFEBROBHEA I VBLTRT
T OHNHER%E Table 1 12777

F 4, Ca0-Si0,-Al0s _AKRIZ 13% LAT @ CaF,
Y& X7 ERAVAEERICONWT, 25 7D (%Ca0)

/(%Si0,) k& =¥ H v 5B Ly, (= (%MnO)/[%
Mn]) & D% % Fig. 1 1ZRT. Mo 3 RKOERIL,
Zh #Fh Ca0-Si0,-AlL0; AL R T 7, 5~10%
CaF, DA 5 %7, 11~13%CaF, ® 25 7220w T (%
Ca0)/(%Si0,) & Ly, O %k & OBk % EHLIE
KEDRDALLDTHBH, CaF, SHEVREETHN

1.4 T T T T T
1350°C
1.2L ° CaO—S1:02-A1 03
A Cao-sToz-m203-Carz(5~lo%)
4 Ca0-Si0,-AT,0,-CaF ,(11~13%)
1.0 -
=~ 0.8 -1
=
&
= .
& A 11-13%
go.4 5-10% ~
0.2 -
0 | ] ! | ]
0.4 0.6 0.8 1.0 1.2 1.4 1.6

(%Ca0)/(%5i0,)

Fig. 1. Effect of CaF, addition on the distribu-
tion ratio of manganese for CaO-Si0,-Al,0; slags.

Table 1. Experimental data for lime-based slags at 1 350°C.

Run no. [%Mn] [%Si] [%C] - [ppmO] (%MnO) (%Ca0) (%Si0y) (%Al303) (%CaFy) (%CaCly) C/s
101 0.46 0.16 3.7 21 1.6 26.1 49.3 (23.0) — — 0.53
102 0.37 0.081 3.6 1.4 28.8 47.2 (22.6) — — 0.61
103 0.58 0.047 3.6 1.4 34.5 38.7 (25.4) — — 0.89
104 0.61 0.044 3.7 25 0.95 36.9 35.3 (26.8) — — 1.05
105 % 0.75 0.079 4.0 0.92 34.8 34.3 29.6 — — 1.01
201 0.43 0.21 3.7 1.9 26.4 37.4 (29.4) 5.0 — 0.71
202 0.37 0.21 3.7 2.2 20.2 43.7 (28.6) 5.3 — 0.46
203 0.24 0.24 3.8 0.48 33.4 29.4 (30.8) 5.9 — 1.14
204 0.54 0.27 3.5 2.6 23.8 35.2 (30.2) 8.2 — 0.68
205 0.45 0.072 3.6 1.2 28.7 25.7 (35.9) 8.5 — 1.12
206 0.36. 0.16 3.5 18 1.2 27.8 27.5 (33.3) 10.2 — ©1.01
207 0.26 0.11 3.8 2.1 23.5 34.5 (29.1) 10.8 — 0.68
208 0.46 0.082 3.7 1.5 30.9 23.0 (33.3) 11.3 — 1.34
209 0.29 0.11 3.7 1.4 28.9 24.8 (32.3) 12.6 — 1.17
210 0.31 0.12 3.9 14 1.9 25.3 28.1 (32.0) 12.7 — 0.90
301 0.34 0.16 3.6 1.1 30.0 44.4 (18.5) — 6.0 0.68
302 0.76 0.080 3.6 1.6 35.8 34.1 (20.9) — 7.6 1.05
303 0.96 0.13 3.6 18 1.3 35.0 28.9 (26.7) — 8.1 1.21
304 0.79 0.063 4.0 1.0 35.6 30.0 (23.3) — 10.1 1.19
305 0.31. 0.086 3.8 0.55 36.1 31.6 (20.5) — 11.2 1.14
306 0.26 0.15 3.9 1.3 28.3 42.3 (14.5) — 13.6 0.67
307 0.26 0.094 4.0 26 0.48 33.8 28.2 (23.6) — 13.9 1.20
308 0.64  0.062 3.9 2.1 29.5 29.5 (24.7) — 14.2 1.00
401 0.46 0.047 4.2 1.8 24.9 24.6 (29.3 12.1 7.3 1.01
402 0.69 0.051 3.6 3.3 23.3 22.6 (27.8 10.0 13.0 1.03
403 0.89 0.044 3.2 3.0 20.6 23.0 (27.3) 16.5 9.6 0.90
404 0.53 0.038 3.4 2.9 18.9 24.6 (21.8) 17.3 14.5 0.77
501 0.51 0.051 sat 1.7 30.0 12.0 (32.6) 23.7 — 2.50
502 0.94 0.047 sat 1.6 31.8 2.3 (33.4) 30.9 — 13.8
503 0.45 sat 12 0.26 35.2 — (26.2) 38.3 — —
504 0.96 0.023 3.6 0.41 29.0 — (20.4) 50.2 — —
505 0.39 0.019 4.0 0.21 27.2 — (17.2) 55.4 — —
506 %2. 0.62 sat 0.0022 (20.2) — — 79.8 — -

x: 1400°C, *2:1500°C, ( ) :Balance, C/S: (%Ca0)/(%SiOy)
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Fig. 2. Variation of manganese distribution ratio
with CaF, content in the slags containing a large
amount of CakF,.
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Fig. 3. Effect of CaCl, addition on the distribu-
tion of manganese for CaO-Si0,-Al,0;3 slags.
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Table 2. Experimental data for soda-based slags at 1 400°C.

Run no. [%Mn] [%Si] [%C] [ppmO] (%MnO) (%NaQO) (%Ca0) (%Si0g) (%Al,03) (N+C)/S
601 0.056 0.42 sat 32 0.80 17.3 — 80.8 — 0.21
602 0.25 0.47 sat 3.4 19.8 — 76.0 —_ 0.26
603 0.065 0.23 sat 12 0.67 31.4 — 67.3 — 0.47
604 0.078 0.25 sat 32 0.92 31.6 — 64.7 — 0.49
605 0.078 0.075 sat 16 0.86 39.8 — 57.9 — 0.69
606 0.10 0.072 sat 31 1.1 41.1 — 55.4 — 0.74
701 0.83 0.058 3.7 2.0 (36.5) — 35.9 25.6 1.02
702 0.77 0.051 3.8 1.8 (30.6) 8.7 33.8 25.1 1.16
703 0.74 0.10 3.9 0.82 (19.6) 14.9 31.4 33.3 1.10
704 0.75 0.10 4.0 1.0 (13.8) 20.9 33.5 30.8 1.04
705 0.64 0.070 4.0 1.3 (10.6) 24.3 30.0 33.8 1.16
() :Balance, (N+C)/S: {(%Na0) + (%Ca0)! /(%SiOy)
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Fig. 4. Variation of the manganese distribution
ratio with the ratio of (soda + lime)/silica in
soda-based slags.
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B T RICRFT BHE, vy AV RIBRET TR
CFRIBRICETT AT VWERE(5)BEE LU (8) 1
DVTEZLDONRETHS .

e (8) o et 1N TERTH L, A»TD
FHER Kinos 13 (14) X TEE 2.

Kun—si = Quno* QY%7 Qun* @G -orereeereeees (13)
Kun_si = (%MnO)[ %Sil"/* /[ %$Mn]1( %Si0,)/*
= KMn—Si'(MMnO/M;i/Ozz an/‘}“/Z

(78 Z (% com)/ Meom!'*/ Yuno) =+ (14)
10 BT D CaFy 50 id CaCl, 2 &L HIKR AT
ThEBHCIERIL, AINVORREFEIFRAEETH S
ZEPLIERREBIL fun/ [P OEBRITEOFEIINE
, £ T OHOENEIZ 5% U TH27/2. T
EhS, APTOFEHEBREIEICAT ZD YHE/ Yuno
oMK ETHI LICL A,

FEMD Kyn-si HE 27 7D (%Ca0)/(%Si0,) I
DEREE Fig. 51270y b L7 CaF, 8F X7 7 i
I DI, CaCly, EH A7 7V ik I OHEBIIH DT,
Ca0-Si0,-AlL0s AR AT 7LD b Kun-si HIZHEK
L, #i2 CaF, 280 X9 7BV T Z DA AEHET

] ! | I i 1
1350°C

0.2f . 7]
o CaO—S1.02<A1203
oL A CaO-STOZ-M203-CaF2(5~10%) |
A Ca0-510,-A1,0,-CaF ,(11~13%)
D Ca0-510,-A1,05-CaC1,(6~10%)
0.2k ] CaO-S1.02-A1203 CaC1,(11~14%)
X CaO-S102-A1203-CaF2—CaClZ
A
-0.4F A A A . ]
O
& ]
] & a%a
\¥£ . X
o | A
2 N N
~.-0.8 - —

CaO-SiOZ-M 203
-1 .2 |— —
o
| l L 1

]
0.4 0.6 0.8 1.0 1.2 1.4

(%Ca0)/(2510,)

Fig. 5. Relation between the apparent equilibrium
constant of the manganese-silicon reaction, Kyn_si,
and the ratio of lime/silica.

HbH. Lhb CaFy 5\ i CaCl, DEHEMNS VI
E Kunosi BRI R EDD 7. BERRXT ZB IV CaFy,
CaCl, x 8427 7L 11T (%Ca0)/(%Si0,) At
T & Kynos HIZET 5. U EoiRe 14)RN0BE%
o, AT 7D (%Ca0)/(%Si0,) La/hs T,
CaF, % % it CaCl, DEHENEL LT, L b CaCly
0D CaFy, BNEENTVELENRRTZD yHL/ Ymno
HEKEWZ Ebhor,

CaF3-Ca0-Si0; 2 7 7 Si0, DHFEICHT 5
SomMERVILLE & 2 DR IZ L hiE, (% Ca0)/ (% Si0,)
H—5%E T CaF, 2RI L7284, Si0, DERIZIFIF—
FHEERLTBY, T4 Si0, DHEBARAHAT 5
TEEERLTWAS, Ca0-Si0,-Al,0; & 7 712 CaF,
ZRML 7234128 CaF, & Si0, & ORI TI24E
L, SiO, DIEREREIFRFICHEAT S LIS,
ZORER, A Si0, & MnO DFEEE T A0
2 MnO DIEERBAMET LA ZA0NS. Tibb,
CaF, OFMIC L2 T 786,/ Yno AT 2 & 12
%0, Kuns OEABEK LB EHEEEINS. CaCl,

DHBLEVIHCS R CERICE 2 b0 THS ).

Fig. 5 1213 CaF, & CaCl, L 2 ABICEL 25 7D
RERORLID, HEREILAEFED 19~32% &
B L2 5T Ko BT OHERKLTVE
V. Kiunoss JEOBEINZE b 725307 UL omng
WIEEBRYHD 29 THA. Fig. 3 ® (%Ca0)/ (%
Si0,) & Ly, fEE OBRIZE~NRT, Fig. 5 2BV T
WERR XS 712 CaCly, 2L 72 2 & OB HHHE
N7,

Fig. 5 W/RLAZEIIE, 10 B%BLLT D CaFy & 5 \»
i CaCly, @MU 7-AIKRRA T 2 HW-EERICHE L
Tit, AT 7D (%Ca0)/(%Si0y) &L EMD Kyn s
fEE DEICHBERASNZ2DT, Kun-si & AT 7K
C OB ERTERNZ RO TAhL. SEIFBHNOLE
B, 15)RITRT L) 2HHEzH L Edbhor.

108 Kun-si = — 0.84{(%Ca0)/( % Si0,)

' —0.067( % CaF,)

—0.025(%CaCl,)} —0.29 --eeeeeee (15)
COBEBREFRRLZDA Fig. 6 TH Y, MHBERKE
0.96 Th o7, CaF, & CaCl, 2RBICAEETZ XS
7 (o XH) i, »ar AL OREREH 19~32%
LEWzon, TOMBRREMEEL Zho7.

—FRAT TIIOWTY, FIKRAEE Kyn-si &

{(%Nay0) + (%Ca0)} /(% Si0,) & OEREFHA~S
7:912 Fig. 71278 » b L7 Nag0-SiOy “5tHR R
ZIZE L Tit (%Nay0)/(%Si0,) & Kynos; fli & 28
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BIKG, V—FRRAT 7B
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BOHEEZRLTBY, 297D Na,O EFEVHT
O N THEBRELL 756/ Yuno ETF LA EICH B,
DEoFEREID, CaO HAHWiE Na,0 2&BFT 5T
W R 5 F OB AT, HESREILY TH B Cao,
Na,0 EHENZ VBTV BBy EmtbT s
(Fig. 1, 3 BX U Fig. 4). Zhix, 27 Z7#H T MnO

T —T"
oob  1380%C ' A
(%020) /(%510,)=0.5~1.4
. o Ca0-5i0,-A1,0,
B A Cad-5i0,-A1,03-CaF 5(5~13%) n
B Ca0-$10,-A1,05-CaCT(6-14%)
o2 X Ca0-510,-A1,05-CaF ,-CaCl, ]
N
0.4l ha s
AA
< -0.6}- N Y=-0.84X-0.29 ]
f < x (r=0.96)
2 x \f A
o -0.81— X Aq:\u —
-1.01 g _
=
%\
1.2 |
[=}
] ] ] L
-1.0 0.5 0 0.5 1.0 T.5

X=(%Ca0)/(%SiOZ)-0.067(%CaF2),-0.025(%CaC12)

Fig. 6. Relation between log Kun-s: and slag com-
position based on the equation (15).

0.2 T T T T T T
o}- AN .
<]
0.2 S Na,0-5i0, ~
-0.4}- —
=
L -0.6f -
Y-
g
=~ -0.8F~ 1400°C .
o Na,0-5i0,
1.0} o Nay0-5i0,-A1,05 Y .
A Ca0-5i0,-A1,,0
2M2% A
.ol A Nay0-Ca0-5i0,-A1,0, aa B
aa [ ] ] | | |
4% 0.2 0.4 0.6 08 1.0 1.2 1.4

{(%Na,0)+(%Ca0) }/(%510,)

Fig. 7. Relation between the apparent equilibrium
constant for the manganese-silicon reaction and the
ratio of (soda+lime)/silica in soda-based slags.

PIEENYEE L TCEHTLI L 2RBLTVAS,

CaF, 22X 5 Z7H® MnO OIFEIZE$+ 5 Swta 529
DRFFEIC LT Ymoo ZFRFEME D S K E CIEWCRFE LT
BY, Fig 2125178 CaFy X 5 7 TH Ly, DI
T Ymuo PEERIZEBIDEEZONS. 71, =
BB T BT ALMIRMOEEEHD B I
X, A7 7~D SiODRAETELLEFHSONEE
Ly,

A1 5% i34 X 5 O Phosphate capacity |22 \»
TIEDHTBY, V—FRRAITIIPAKRRZID LRV
DABEEZREOZLERLA. LaLads, w2 H oD
HEY)OBREISRTCEEERS FThRIEHEDER
BIIEAERL, V—FRAIFFTEHLIDEVRETO
AEBHATRE R ZEARBERNHIBTHA .

4. #

CaFy, 5\ ik CaCl, 2 B8HTHAKKAT I BIV
V= FRAT T ERBRFERE OB L H L FRE
1350, 1400 & %\ id 1500°C 2B W CTHIEL, UT®
R EB. 7

1) Ca0-Si0,-Al,05; 2 5 212 10 8% LL T @ CaF,
PRMTBERT -2 9 VED~ o F RS K
L 7:. Nay,0-SiO, 2 7 7 OB4, Na,0 &HEHNE W
B r R L. CaF, EAENE W
CaF,-Ca0 (-Al,05) 25 7T, o 257X b=
> BRI E» D .

2) SiO, ¥ EL ATV EHVAFERIIBWTIE, £
BRI 2h BERBFLTL XY VOBESAERIIKE
THRESNDEEHEICLNTETFE»22. Zhidx s
TN Si0, DBILHFEWVZDTHDOT, AT F-A¥
VEO= > F i dREICE S 5 Si0, DEITCKIL &
BEHIREBICH D LHEEE RS,

3) 1350°C T, Ca0-Si0,-Al,0; &2 10 % LUT -
N CaFy 5 iE CaCly, ML AR T 7 DB L A
2T OFEEH Kun-si (= (%MnO) [% Si] *%/ [% Mn]
(%Si0,) 2 : DERIE, KONXTIHHATE 7.

1og Kn-si = — 0.84{( %Ca0)/( % Si0,)

—0.067( %CaF,) — 0.025( %CaCl,)| — 0.29
=L,

(%Ca0)/(%Si0,)=05~1.4, [%C1=3.5~4.0

Wb, ERICHG V- E W RERRAEIE O
EFRABERHHOBEERLIT.
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