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Manganese Equilibria between Carbon-saturated Iron Melts
and Soda- and Lime-based Fluxes

Synopsis :

Ryo INOUE and Hideaki Surro

The studies have been made of the manganese distribution between carbon—saturated iron melts and

soda— and lime—based fluxes.

The manganese distribution ratios in the Na,O-SiO, system and in the CaF

CaO system were found to decrease with increase of the contents of Na,O and CaF,, respectively. The
relationship between the manganate capacity Cvn[=(%Mn)/{@yn-@o}] and the optical basicity 4, has

been derived. It was found from the previous data on the manganese distribution ratios between liquid
iron and MgO-saturated CaO-Fe,O-SiO,-MnO slags that the values for Cy,, were linearly correlated to
Agn or the mole fractions of slag compositions. The oxygen potentials in the practical operations of hot
metal pretreatment have been estimated by use of these relations.
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Table 1. Experimental data for soda-based
flux at 1250°C.

(wt%)
No. Mn (MnO) (Na,0) (Si0y) (FeO)
601 0.0294 0.233 57.8 41. 67 0. 341
602 0. 160 1.04 57.3 41.33 0. 317
603 0. 0311 0. 276 53.5 45. 87 0. 323
604 0.124 1.15 53.0 45, 48 0. 338
605 0. 0270 0. 302 48.9 50. 41 0. 347
606 0.128 1. 33 48.9 49. 45 0. 350
(Ca0)
611 0. 181 1.26 51.0 41. 27 0. 306 6.13
612 0.174 1.25 46.0 41.33 0. 270 11. 20
613 0. 187 1.38 40.3 41. 00 0. 253 17. 06
(BaQ)
616 0.184 1.08 51.4 39. 65 0.331 7.55
617 0. 166 1.13 45.0 37.55 0. 296 16. 04
618 0. 168 1.15 38.7 35.59 0. 261 24.33
(MgO)
619 0. 167 1.25 53.1 41. 68 0. 309 3.64
620 0.177 1. 50 49.1 42.10 0. 265 7.02

Table | 2. Experimental data for lime-based
flux at 1500°C.

No. Mn (MnO) (CaFy) (Ca0) (ALOs) (Fei0)
’ (%) (ppm) (%) (%) (%) (ppm)
631 0. 0394 0. 95 88.0 12.0 — 54,2
632 0. 332 6. 98 90.2 9.8 — 48.6
633 0.0429 2.30 8L 1 18.9 — 120
634  0.340 14.6 813 18.7 — 11
635  0.0392 7.37 71. 4 28.6 — 114
636  0.303 13.6 72.5 27. 4 — 151
641  0.305 2.18 98. 7 1.3 — 41.2
646 0. 345 124 45.7 7.6 46. 7 129
647 0.328 103 40. 4 18.3 41.3 167
648  0.106 11.0 30.2 38.0 3.8 199
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AT V- RBEFMBYEE D Lyn OEERAR LI DTH
5.

4. E ®
41 RS5T-ARNEDOT Y HY FEEH
ARG -2 FNEDO= VT VORI EDS F Ko
1 F vRTEINS.
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(1), (2)ROVPEERY ThZh Kyny Kion &7
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Al,0;3 CaF,-Ca0-Al,Q; system at 1 500°C.

(%Mn) /{@yun B0} =K'Mn/TMno *==w++weo-+ (5)

(%Mn) /{@yn - @0} = K'son/ {rMn2* @02~} - (6)
22T K'yn=Kyn (%Mn)/Nyno, K'ion=Kion* (%
Mn) /Ny2* THH (%Mn) (ZAF 7§D Mn D wt
% BE®E2S. (6)sKDEZLD K'ion, 7Mn2 Q-
DEMETER LRET S ENTERVD, EADE
BERHDLRDLZENTES. (), (6)RDELR
Cyua (Manganate Capacity) & E#H T 5 . (%Mn) /Nyno,
(%Mn) /Nyp2+ 2325 7HBOCHKEE Lisb 7 BIUE, Cya
OMEIT—ERE T T Mo E72IX Gor-- 7 un? I LA
THRTH5S.

Lyny Cuny Go ORCEIRASHILT 5.

Lyn+ (AW Mn) / (M.W MnO)

:CMn'a_O_'fM .................................... (7)
-z, (AW Mn) (¥ Mn 0ETE, (MW MnO)
1z MnO o4 FEY%FT. fun 1T Mn OFERHITH
D M =0, ¢f2=—0.07 DEEP IR XV [Ceqr.1=1.30
1+2.57x10-3T (°C) +0.027[%Mn] O{EW» HRD 2
TEMTES. G OIEEFIE : C+0=CO 0 4G°=
1300—-20.277 (Cal) ofi?®pnbEbhs. FEET
D Ay Ofti & AEFD HRDI: Lyy OfENS Cun D
fHxRDIc. TofFERY Fig. 1~4 wrd.

4-2 Manganate Capacity (DX 5 7Rk
4.2.1 Na,0-8i0, %
Fig. 1 208bhinkkd, 25 7 (@) HIO
A5 (O) b= vy vEEECEE SR KBRR
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4.2.2 Na,0O-MgO (CaO, BaO)-Si0, %

Fig. 2 &Rt SiO, EE—E FT Na,0 % MgO
(Ca0, BaO) i ¥#x 7- 3Na,0-25i0,-3Mg0.-25i0,
(3Ca0-25i0,, 3Ba0-25i0,) # 2 B 4y F © log Cy,
D1z BaO<CaO<MgO DJET k&< 2Tk bh &

%P
DAL log Cp(= IOgﬁ;) B X log

Cs<= log Q’%?ﬂ’) DRERL WTHL. FTibb log

Cun(F 7203 log Lyy) DI A5 72 B 52
HTHEML TV 5.
Na,0-5i0, %% I 08 Na,0-MgO (CaO, BaO)-SiO, %
25 F-RIEEABHEEO D AR X OHEO LB PHE
B9 log Gy, log Cy D REIXNAHMIEREE Am i
% L CEBRBEFRAE LN TE D, 4n OBNEILK Cp,
Cs DAMEITBEM LTz, Fig. 513 logCyy & 4in ¢ D
B % Na,0-Si0, %, Na,0-MgO (CaO, Ba0)-SiO,
REDWTRLICRDTHS. (6)RDLH BN EE
D, TMnz* D—EETHIE doz- DM, Tibd Am
OB &I Cun PP LT %, logCup & Ay @
By —®kEE T2 X h kA E 5.

log Cypn=—3.924,,+8.28(r=0.94) -.c--- oo (8)
T r KR Th L. ZoBGE»bRDI 1250
°C tp NayO, 8i0, » log Cy,»fE% AFIC Fig. 1
1z, 3Na,0.28i0,, 3MgO0O-28i0,, 3Ca0-.2Si0,, 3Ba0-
2810, @ log Cy, Dffi% Fig. 2icz-hZh, @, V,
M, AFICHE 2 5.

Optical basicity, A

Fig. 5. Logarithms of Cy, plotted against optical
basicity 4;y for Na,0-SiO, and Na,O-SiO,-MgO
(CaO, BaQ) systems at 1250°C together with the
results in the CaO-MgOg,;.-Fe,O-5i0,-MnO sys—
tem.

4.2.3 CaF,-CaO %

Fig. 3 wir$ CaF,-CaO %75, 272D A 5 7 fil
(@) FIO 2z (O) »OLEHIEERIRL log
Cyn OfEITHIC X —FLTWw5. CaO JEEEAS 20 wt
% UETcRpoAT 7llE 2 2 Vil bDF — 5 23—
HLTWAaL O EBRAR B REEFRIRCH DD T
»%5. Kor } RicHARDSON!DZ & % CaF,-CaO %o
1500°C ofafifR % MPc R TE 2 5. & OFBIIAR
MEr B bhicss I —HLTw%. logCyn Dl
i3 CaO BREOHMEITH ML TED, ZhiXEE
P e 5o T Cun DOEAEA L7z Na,0-5i0, F#
75 P ADRREBTHS. TOBEBAIX(S)ROHTF
A B CaF, BEOHME KT ryn0 HNKREL LS
CEWRXDFHHEINSLL, TA(6)RDOAF A DX
Aor- WAL b d CaFy X% yunrr DOWMOPE
DOHFNRENT ERBRL T 5.

TR AFEEDOTERRE r¥now & CunDBRIZ(3),
BH)REvkATHELBNB.

log Cyp=log Kyn— 10g rmno
+10g{(%Mn)/NMno} . (9)
ZTIZT Kyp ZRIG : Mo+ O=MnO(l) oF#HEHKT
B, RATHEzZORB®.
log KMn=12 200/T_5_167 .................. (10)
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DF-RER L BicoTWw%, 1500°C i3 Rao & Gas-
KELL {Z X % Mn OfEEIY SMITH & DAVIES I X % %+
ho#y 1.8 f5Chn. KR Tt Rao L GAskeLL 73
Bk MnO #R\WCRDfEEY AV, b ks Pt-
Mn &40 Mn ofFEE% Svmith ¢ Davies 12 X 41
LEXML 50 Lt LoTC, SMiTH b DAVIESS 23R ¥ 7
CaF,-CaO-MnO %A 5 70D MnO OEEFEE 7 vnow
WIE Lic. ToRRY (9)Re AL T kD7 log
Cun Ofi% Fig. 3 wind. 5o CaF,-CaO %A 5 7
o> MnO EJE 13 Nyno T 0.0006~0.017 o &ipHIC
»5. Fig. 3IRTEBY, HOLOMBIXELDWT W
LZMEFRERL I —FH L TWB Z Ehba5. Rao
r GaskeLL @ Pt-Mn 4o Mn oFEECHIEL
7e\us SMITH & Davies o log Cy, O{fIZ # 0.3 3 & A
PRI EWEZRLTWS.

4.2.4 CaO-CaF,-AlLO; %

Fig. 4 1= CaO-CaF,-ALO; %A svhod log Cyy,
X log Ly, DEXKRT 5. RERAH 3 ROLD
7o B BTk Is\ Ay, CaFy/CaOlhh —E it L TALO,
Mz BT L LD log Cyn (ZHIIL, (5)R X Y 7m0
AT 5.

Hawxkins & Davies?® ;. CaO-CaF,-Al,O3 A 5 7
o Fe O DiERFZREEY 1450°C TtRDTWLBHH S
DOREFIC L 5 & CaFy/Ca0=85/15(wt%) — E e L T
ALO; %% 52 W X 1 1Fe,0 WML TV 5. TFe,0
& 7o D BT DWW TR I CHMCRE T 5.

4.2.5 MgO g1 CaO-Si0,-Fe, O A3 7 log
Cun

2 ke MgO £f1 CaO-Fe, O-Si0,-MnO (2~
5wt%)-P,05(<8 wt%) (F7cik S(<0.4wt%)) KA
S F-RSEEo = vy voLshlked 1 550°~1650°Ctk
DI, TR HD T — 2 bRDI: log Cyn & KRG
BB An OBAR%E Fig. 5 WiRd. F—x@akhEsn
DNTW 5 log Oy DIENE A D3N E LA L
Tkh, BRESECC L1, ChbOZRED

T

Cal-MgOgq; -Fet0-Si0, -P,05 (or -S) o

04r

14 1.5 6 17 1.8 1.9
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Fig. 6. Logarithms of yymnoq) plotted against a
linear function of mole fraction of slag composi-
tions in the CaO-MgQOyg,;.-Fe,O-Si0;-MnO sys-
tem.

—REVRERICOWT, FHOEE S XU ORER
FERD, RO—ERLEH L.
log (%Mn) / {Gyn - @o} = —3.26 Agn

13000/ T — 1,74+ e vreeereeenennnnnnenneennean (11)
CHBOERD T — &% 1250°C % CHHE L fEREE
Hichx b, CONBOBRERPRCTY —FHAT S
COWTRDIHER L IR >TwS. ZOFER
DR ORI HRER X B S 0D, BRigof
AT FHRTRDIZ LT X5 DOIEARPFRD DIXH L
v, (1D &z 1500°C o> MgO, CaO, BaO
o log Cyn D% Fig. 3 wWlAITRT.

FRODF =2 bRDY: log yunony DEX A T 7
D & LB CEBURBI T oRER, 1og rMmom
13 2.72N a0+ 1.32Nyg0+1.64NFe,0+0.95Ng;0, & #H
BAN B D = L hvbhhotc. £ T Npo, DFREIL Nsio,
DFENE FI Nyno DEBRBUL Nreo DR EZELWE
RELT, log runow Dfi%x A7 7D — KRBT
w., b LiEREY Fig. 6 iy b, £EBRALED
DWTWBA, ThbOFZREO—RENFE R 2> b,
(9), (10)X& T log Cyn OWTO—RLE
L7,
log (%Mn) / {Gyn - G0} = —0.989{2.72Nge0
+1.82Nyg0+ 1.64 (NFe,0 + Naino)
+0.95(Nsjo,+ Np,o,) } +14 640/ T
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35, BEETOY - FR®, AKHKIWOD Ly, D
i 2 Na,0/8i0; t, CaO/SiO, ik oBifR% Fig. 9
AR TR, RREC KT B Y - X% AT SO
11 Na,O, SiO, At POs #EATEY, Ei
FIRFH AT 7Tk CaFy, FelO & A TV B 1AL T
1o h S oS R EE LT Na,0-8i0, %, Ca0-5i0,
R0 2N REE L. bW bhicesd, V=K
BT Ty 7 ADRBEECKTLMRERT v MIED
SEIT D bhns C@c=1) —CO(Pgo=1atm) F
FCHE BEICEWY, AKR7 7 72 ADBERT ¥
¥ WL Po, Tl ~ 4B MER R LTV 5. Z O
ERBECORY A, BRKIEY RBWTH RHEIRT
W5,
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5.

V—-FRASGIBIOCHKRA T 7 & RFAFGEE &
DREID = v 7 v O RD L EBRET VU FTOKE
.

1) Na,0-8i0, %A 5 7R\ T SiO, EEEAHEIN
TR ES IV, U VORKIIER T 5. FN,
Si0, #pE—E FT Na,0 % MgO, CaO, BaO G ¥
Wax e, <~ vH voLgitit MgO>CaO>BaO=~
Na,O Dl Ttk&<1e%.

2) vV —XFHRAZF FRBFTSH Manganate
Cunl[= (%Mn) /{Gun-Ao}] & KFHEEE An O H
ALK DBIRAL 1 250°C C3Rad Bt

log Cyn=—3.924,,+8.28

3) CaF,-CaO %23 7sieB\T, CaF, & & 14
M3z E=vivosEdETT5.

4) MgO #3f1 CaO-Fe,0-810,-MnO %A 5 /-
PR ~ v v DLBEEORBAE RS HRD Iz log Oy &
Ay BIUAS 78RO T A0RO—KkEE L OBRIT
KA TEINS.

log Cyin = —3.26 4,1, 413000/ T —1.74

log Cyn = —0.989{2.72Nca0+ 1.32Nyg0
+1.64 (NFe,0 + Nymno) +0.95 (NVsio, + Np,05) }
+14640/T—4.952+ log {(%Mn) / Nyno}

5) log Cyn & 25 7 E DBEARET W TERED
BHTFHEABC BT LBERT vy » VEREEL . v
—BRT 5y P ACKTEBERT v e i CGc=
1) —CO(Pgo=1atm) P CH % 2 EICE A, ARKR
75y ZARBOTUL L ~4HikE WH (Po,) &7
fz.

SCHR 26) BET AT — 2k B W EFE Lic i
K&EBLTEGR, BB oS EA S X Ol
ERKCE#HozERLET.
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