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ABSTRACT Experimental measurements of oxygen potential in liquid Mn of Mn-MnOs equlib-
rinm system (1350 C ) show that ZrQ,; (MgQ) solid eletrolyte oxygen probe can be used to measure
the oxygen potential in liquid Mn and ferromanganese melts. The relation between oxygen poten-
tial and electromotive force is In po,=31.56—(69548.8446427.7x E)/T. When BaCO;70%-MnQ,5%~
(Fea03+BaF2)25% fluxes are used to desiliconize for blast furnace ferromanganese, the maximum
desiliconization rate(75%) corresponds to Fep(0312% in flux ,the relations between the oxygen poten-
tial in ferromanganese melt and carbon activity as well as manganese loss (A[Mn]) in the melt are
Po, x10'2=35812-0.106xac and po, x10'2=6.238+0.679%A[Mn]| respectively. When blast furnace
ferromanganese is desiliconized by BaCQ360%-BaF;10%-MnQO315%Fe;0315% fluxes, the maximum
desiliconization rate (88.9%) and the highest oxygen potential in ferromanganese melt correspond
to 15 min treatment. The results of desiliconization experiments show that the oxygen potential in
ferromanganese melt is controlled by carbon-oxygen reaction in the melt. In order to desiliconize for
ferromanganese and to prevent manganese from oxidation the oxygen potential in ferromanganese melt
has to be controlled at or under 6.238x107!2 Pa,
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O2(po, ) = O2(pd,)
Gibbs HHREE SHIARAXER
AG = RTin(p{, /p®}— RTn{ph, /p®) = —nEF {1)

A, p? MinMEES, B 101.325%10° Pa; R ¥ 5k
B, OB 8.314 J/(K-mol), n BB TH, aby 4,
F 33 Faraday ##. B 96.5x10° C/mol; T Kk 2
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Table 1 Results of Mn-MnO3 equilibrium experiments

(J/mol)  (4)

Time Em pgz‘m pgg.r
min v 10-1% pa 10-12 pa
30 0.571 1.000 1.040
60 0.569 1.060 1.040
90 0.570 1.030 1.040
120 0.570 1.030 1.040
150 a.571 1.000 1.040
180 0.570 1.020 1.040

RERX (4), BiEfhFITRBE Y 1350 © Mn-
MnO £, MnO (s) ¢4 E ( B Mn e F &)
pd,=1.04x1071? Pa.
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KA EZHT Mn-MnO, F45at Mn HHTE 2. HiH,
ZrO; FERREEAHLTHTME Mn %M Mn-Fe
BREREIA. BEmarRiER R (3).

2.2 EWIRLERRE Si SeFn Ly Rony

LHFAGER Mo-Fe 698/ %:  [Mal; 59.72%.
[C]; 6.30%, [Si]; 0.621%, [P); 0.381%, &% Fe. Hrh.
THF i (WBEFAXCHMGEEE. B Si fHE Y 15 min.
No.1—No 5 PR Si #ide, BaCO; # MnO, 5 ES
B8 70% 1 5%:; FeoO3 & EBIE 5%, 8%, 12%. 16%
1 20%; 4724 BaFs.
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Table 2 Composition and oxygen potential of ferromanganese melts desiliconized by flux with different FezO3 contents and

for different treatment times

Furnace  Compeosition, mass fraction (%) { En Ns, A[Mn] ac PO;,m POy
No. Mnje [Cle [Si]e [Ple min Vv % % 102 Pa 1072 Pa

1 59,23 B.17 0.213 0.316 15 0.504 66.0 0.49 273.0 6.80 4.40

2 60.53 6.32 0.205 0.286 15 0.514 67.0 —0.81 291.0 5.11 3.88

3 60.79 6.27 0.154 0.329 15 0.509 75.0 -1.07 280.0 5.90 4.19

4 58.54 6.11 0.231 0.349 15 0.502 563.0 1.18 270.0 7.21 4.50

5 57.98 6.09 0.341 0.316 15 0.502 43.0 1.74 274.0 T.21 4.37

B 64.51 6.30 0.133 0,385 5 0.512 76.3 —0.37 2712 5.41 4.46

7 64,21 6.20 0.107 0.392 10 0.505 80.9 -0.07 255.1 5.61 505

8 64.08 6.28 0.062 0.291 15 0.497 88.9 0.06 265.4 8.31 4.66

9 54.73 6.32 0.109 0.393 20 0.502 80.5 -0.59 272.8 721 4.41

10 63.95 627 0.167 0.388 25 0,515 70.2 0.19 2714 4497 4.46

B/, &% Fe; | Si | X n,, =([Si)i~(Sils)/[Si]: i+ St [6] M. 1350 © Mn B{kE Si i C (iEE

H:. Mn #i#: AMn]=[Mn]i-[Mn]s H#: %P Mn-Fe
BEEN po, . AR (3) TH, po,. REBERERE
¥4, 81 Mn-Fe ik C gERE (£ 2 P ac), AR
(14) B AF T HEFIR Mn-Fe fiikE L, En &
LM RN

R Si Ml hpy FeaOa FEAEM, 4 Mo-Fe o Si %
TREMBLE. B Si b Feo O3 TN (<12%). &
{Efz Si REEHMN. FeO; 2MEELY, EHE#RS
U FeO*~ BT ERARE, EM FeO?™ DRHHEE M
O BT, EHuEREm. Bk, & SiH+d Fe0s &
BEit 12% 2R, BEEK Si BEAHEE. B4 R
Si filep BaF, &8, M FeOa S EISIMERME, HiH
FshtkE . BaEK Si EBRE & Fe 03 FREEHN
EHE, MR Si B meTMrTEL KA R, &R Si
R Fe, O SR, 7 Fe,05 SEBBATERE
MiAK, B SiZR§ Fe,Oz SRBIMMB/N. MR 2
(No.1—No.5) B] I, A% Si |+ FerO3 BN 9%—12%
B, B Si EEm (5% EH)-

1 Si H| g E ALt Mn—Fe £ {58 66 1R E 77 0g
BEHA P, Fe O3 B EM 5% #E 20%, Mn-Fe
S RE R 6.80%10712 Pa #8E 7.21%10712 Pa;
FeaO3 &EW 8% M 12% mf, Mn Fe #fhE (i
(5.11x 10712 40 5.90x107'? Pa) {KF Fey03 & KN
5% HHi{E.

it Mo—C £ C a1kl 1% g dosinES, o
Henry §#E&#%. Mn-Fe f&tFEd C fIEEITHA N

ag = fo % [%C] (5)
B, EBERY fo ntH AN
lg fo = eS[%C) + e [%Si] + e [%P] + e [%Fe] (6)

HEIER A3 e¥=0.1219, MECEEHIEHZEHY
1350 T @, FIHE Mk [7) HERY 1400 T AR AR
Ll B eS=0.2150, e£=0.1408, e£*=0.0073. £ A
2 (6) 18k Mn-Fe 5P C f7EF ao, TRE 2.
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BY

POg.m % 1012 = 35872 -0.106 » ac  (r = —0.96) (7)
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A Mn # A[Mn] R REIT4E. BFELEEHEY

POg.m X 10" = 6.2384+0.67T9x A[Mn]| (r = 0.91) (8)

%3 (8) F A[Mn]=0, /&7 Mn—Fe f&{kz Si 7
Mn BMEBEEA Y 6.238x107 12 Pa,
2.3 W Si BHEE Si R AR

Loy AR Mo-Fe Hm%:  [Mn]; 64.14%, [C];
6.32%, [Si]; 0.56%, [P); 0.393%, %% Fe. % AL Si
F AR M, B BaCO4 % 60%, MnO, % 15%, BaFy %
10%, Fea0a 9 15%, LR NE 2 b No.6—No.10.

B Si EXRY SietEfERE 1 BRE L RARE,
WPRRE Si FAME Si KR [Si]+02=(510,) ¥ #atFrat
REREE Si %, BR SiptRARC AR Si REE. xR H
B Al O #H7, AlLO; AfREHA BaCO; B Si
P S HMEE LS. B S BHEk. AlO; HR2E
PhPCE, MR OSiPIREET SRR, AR Si FEK). ME 2
No.6—No.10 f1H 1 TLIFF], RLBEER SiHERA
15 min, 2§ A% Si FF Mn #5751 % 88.9% 1 0.06%.
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Fig.1 Relation between ns; and desiliconization time
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Fig.2 Oxygen potential of ferromanganese melts vs

desiliconization time
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hEEEFREH. HEERESR Si PR bk
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=, BRI R 1 S, B Si e
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B Si BfEldtdc, B Si P (LFIMRBIRIE, Mn-Fe &
thg frdt e, BMESGH AR, EEEEES. 15 min
G, S T R R, A (B ] 5 e i R

#F 2 & No.6—No.10 B Si EET 70%,. Mn
ey 0.19%, E2KAW Si (§ Mn f98H.
Po.,m FHEN 6.502x10712 Pa, 5 (8) BEsE
(623810712 Pa) TR LY 4%. No.8 PR,
firks. BR Si E{E, H Mn #RIXY 0.06%, [EHETH
Si % MnO;(Hefli# Mn &= {k) B, No.3 fl No.§ ip
x5, B Si R{EI4ERE (15 min), ¥R THE Si BEFH
{2 Mn B EBY. HBAL Si AR L B ST R
VA S, ERE—HBARRE SIH. TES%FmEM Si 5
.

2.4 {93 SigiEd Mn-Fe ik SRR
HE S (graphite, X XERE H gr) 17 2R M
BIFRAE Gibbs B HAET (LAITE BHET Mn AT AR
B Gibbs GHEEZ L, LU ITH Mn-Fe &k E

F e grr#E Gibbs B HEET k.

Clgrl + (1/2)0, = CO
AG® = —112877 » 10° — 36527 Bl (J/mol) (9)
Clgrl = [Clmn
AGP = Rfln 2 + RTIn «p.

A, 9@ & Mo-C R C FHAEEN C MiFHA
B, 2l % Mn-C £ C @RRTEHY 1% KBTI A b
TR

Mn-Fe fE{&pim #5004

[Cimn + (1/2)02 = CO

{(J /mol] {14}

AG® = ~112.877 107 - 86.52T — R¥In %

RTIn x$  {J/mol) (11)

# In 13=-2.420 Ul f1 20 =0.044 (R AL (11). 78
AGS = —112.877 v 10% — 40437 =

—RTln A% {J/mol) (12)

A, K= 3 Mo-Fe B opig R RATTHE T8 5
¥ F=1623 K AR (12), it R A~=555761
ok B i o - ) R U IR 1R

K = [pdd » (peo/p®) ¥ fac » P2 (13)

# pco=101.325 < 10° Pa, i3 17 {55

Py, = 0.573 x 10 %/ac (14

# Mn-Fe [ C @IEH ac AR (14), it
Hil% 2 BAE po, .« (K

MR (T) TR po.m 5 ac ZIA RIS
£ E2H poyw WESERT (HREEfpo, (3
PR R BT E), K AR Si 3 Mn-Fe KR
i) Mn-Fe 6 PR B G B ). i Smdes oy
BIX —H0 5508 (8] IS AR LR BT B i
ABANELY &
3 @i

(1) Mo-MoOy Bteiaft. MgO s ZrOs @ik
BB B Sk ] BT Mn-Fe S5 IRALE. Mt
e T

In po, = 31.56 - {69.5488 % 10% + 46,4277~ 10° .« E)/T
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(2) B SigBE+ Mn-Fe FEE i RABREAR T
ey

(3) % 1350 T, MY BaCO;70%-MnO25%
(Fe,03+BaF53)25 % M Si 7, @+ Mn-Fe i Si
#HE]4 15 min, B Si & (75%) Bif il Fe; 03 &
&4 12%; Mo-Fe S ENVS C FEM Mo #EE
A5 &

Po, x 10'% = 35.812 — 0.106 x ac
2

Po, % 10'2 = 6.238 + 0.679 x A[Mn]

{4) £ 1350 ¢, #HA» BaC0:60%-BaF;10%-
MnO215%Fe,0315% ByB: Si #, »f#t* Mn-Fe B
Si(##etERH), BEKR Si H (88.9%) MEFEML
(8.31x107'2 Pa) FrAf AR Si #1624 15 min.

(5) # 1350 €, BaCO4-BaF;-MnO,-Fe 05 i
Si Xt Mn—Fe It Si, % Si f# Mn MIB R ELY
6.238x 10712 Pa.

S8

[1] Guo 8 X, Dong Y C, Zhang Y P, Chen E E. J Iron Steel
HRes, 1999; 11(1): &8
(% BB #ThE 3R AT, B (R MEKRFRER, 1000 11(1):
8)

[2] Maya K, Matsuo T. Tetsu Hagané, 1996, 82: 123
(REH—, #E%. #L@, 1096 82: 123)

[3] Fujita M, Katayama H, Yamamoto 4, Matsuo M. Tetsu
Hagané, 1988; 74: B16
(BEIER, FU¥E, W, BEEH oM, 1988 T4
818}
[4] Aida E, Joon M D, Sano N. Tetsu Hagané, 1988; T4: 1931
(PRI, FIHRH. (GEHFE oM. 1988: 74: 1031)
[5] Huang X H. Metallurgical Principles of fron and Steel.
Revised Edition, Beijing: Metallurgical Industrial Press,
1990: 330
(WHiHl WERERE BiTH). b5 mETldibE.
1990: 330)

[6] Wang H C. Doctoral Thests, University of Science and
Technology Beijing, 2000
(E#)I|. LSS iier, 2000)

[7] Chen E B, Yu X B, Dong ¥ C. Guo § X. J fron Steel Res
Int, 1997, 4(2): 7

[8] Doog Y C, Guo S X, Chen E B. J fron Steel Res Int, 1999;
6(1): &


http://www.cqvip.com

