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Dephosphorization of High Manganese Molten Iron by Na,O-based Fluxes

Synopsis :

Kyoji KunisaDA and Hikoya Iwal

Experiments of dephosphorization of the molten iron containing manganese (13-35 wt% ), carbon (0-5 wt%),
and phosphorus (0.1 wt%) by the Na,O-based fluxes (Na,SiO,, Na;SiO,-NaF) were carried out in a temper-
ature range from 1 300°C to 1550°C. The effects of carbon and manganese contents in the molten iron,
NaF and MnO, additions to the flux, and temperature on dephosphorization were investigated. Phosphorus
distribution ratios obtained at the end of runs as affected by carbon content in the melt and Na,O and MnO

contents in the slag were also investigated.

In addition, the equilibrium concentration of phosphorus in
molten iron was calculated from the thermodynamic data.

The calculated phosphorus concentration was

represented in terms of manganese and carbon contents in molten iron and compared with the observed one.
Key words : physical chemistry ; dephosphorization ; manganese ; molten iron ; sodium-oxide flux.
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Fig. 1. Changes of P, Mn and C during runs.
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b, ThHDZ27 MBS 5, (%Nay0) i1
HEEORVWERZBEOHBEIIE®H 2D, #iZ (%
MnO) & 2D X5 L3pai3 LK< 2 B EEE R L 7.
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Fig. 2. Effect of carbon content in the melt on
dephosphorization.
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12 80% RIAOBHmVEARL TVAEA, -/ RED
BIC L b > TABICETL, 35wt%Mn OBFETiE
20% LT OV E 2D TWA, LzAD>T, 40wt%
Mn L EDOBE2 v KBS LTERRD 7T 5 7 R
CEXARO ASARTFEELHBra D, 20 L) REMANI,
BHPORFERESL XS W{LHID NaF B25R % 54
BTHLRKTHS.
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Mn-4 wt% C OEE T P02=2><10716 atm & 1 4 —
F—\), 77y 7 ZRMECAEL S MnO &350
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Fig. 3. Effect of manganese content in the melt on
dephosphorization.
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Fig. 4. Effect of NaF content in the flux on
dephosphorization.
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KAtz B, NBEHKFREOEZBIIBVWIRALAX
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=
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Fig. 5. Effect of MnO, addition on dephosphor-

ization.
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Fig. 6. Effect of temperature on dephosphoriza-
tion.
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U EoBgs LD, Na,SiOy 75 9 7 A~ MnO,
WG, #EREOICE D A B X Mn OB{EEIEIZx L
TIEAEREF VI EFHELE LD
3-5 mEORE

i 1300, 1400, $ X OF 1500°C {2 B W T,
Na,SiO, 3 X " Na,SiO,+30wt%MnO, 7 5 v 7 R {2
LB AZRITV B A RIZTIREORE LR~
13wt%Mn-4 wt%C, 14 wt% Mn-5 wt% C D iESIZ D0
T, Boh7BHo AREREOMRE Fig. 6 IZ/R7.
B ACKIZTTIREOEEIZ, LOGELEME s OL
BRESORDADHEY LHBELTHEFLIKREL, BY
ARBBEOLERIZEL L OTABIETLTWS, &
NDEH MBREOEEL LT, BaCOs-BaCl, % 7
T A HWIHFISY DY AFERIIBWYTY, b
ASTERLLE SR EBEIBMICRA LT Y, FRER LML
HmERL TV 5D,

KEBOBEILHE D AZBW T, BRENMEVEAON
BEIFHCEME 2B, Lo LR, <50
fERsbBIE s, X5 7O LI 2 SR 4w, §l
WY OBREBE 7O LEEGEORNADESE, 5D
ERDPHBEINT, RO AIZRIITEREOEEIE LV
LOTERLD. LaL, KEERDHE, BILAK
EhBH< Ay BIEORL (MnO :1850°C?) #3271
LBEIEY (Cry05:2250°CY) & IE# L TR <, LB
ARV HE B0 TLRBMEORVEBIf 2 27 7
MHEE SR v, Cozd, B[ ARE CFE) oR
BRGEES L DBHECRN, RKROACKRETIREOE
BRKELS D7D EEZONS.

3-6 WASDKH
Na,Si0,, Na,SiO,-NaF %7 5 v 7 212X B0 AR

2.5
Slag:Na20-Si02-Mn0 T=1300°C
Metal:Fe-13~14%Mn-C
-
%201 ?
<
&
N [ ]
= 4
1.5} \
1.0 | | 1
72 3 4 6
[%Clinitial

Fig. 7. Relation between phosphorus distribution
ratio and carbon content in the melt.

BAe b iz, BE1300°C B350 ATEE (%
P,05)/[%P]) L BEHPRRBEBLIOR T Z7HK L O
BfRIC >V THRAEL 2.

Fig. 7 &, 13wt%Mn &H BT 5 88k KR
BEDAGELXOREFELRT. DATEKEE, 4~4.5
wt%C IZBWVWTE—2%/RLTHEH, 1300°C 2Bt 5
MPRFRE LB D AEORR (Fig. 2) & AR
AERON B, DAGEIPSRIFREICHLTE—
7 RTEHIE, KD AEEOBBRICBWTHRN
HHEF—THb. I/, KRDOT7T v 7 RAZLDES
N0 ATBREEEROBRELE TS L, FFEROK
KA# (154) & BaCO; 7 5 v 7 Z DA DOME (# 160,
at 1300°C)? L IIFFE L 2O TV 5.

— 7, BE 1300°C 28T 13~14 wt%Mn-4—~5
wt%C DBEKICOVTHELN ) AR L EBRT
BZBIFA R T 7D (%Na,0) 3LV (%MnO) & D
BiR%E, TNEFNFig 8 BLXUIIIRT. 650 &
KEVHHP T EmEEL R TELL.
A7 7D Na,O IRBEVET LD ATRKEIEL 25
7%,30% U ETRMIIKRT S A2EMEZRLTVA. T/,
MnO REEICH L CHRBRABMERLTEY, AR
N2 7B REBEIFETAIENHLH,TH
B, IOEHI BB, AKRATSICXHEROBED
AT BB (%Ca0) & (%Fe0), BLXUY—%
FHATTIEXBBEHEOBRY AP IZBIT S (%Nay0) &
(%Fe0) OMITHRIBENTEY, FORKIBIALERE
LECFEBETHHLEELZONS, Tbb, (%Na0)
DM D ADEEEEL T4, HAHEEL LMY
A EFMFEIC MnO IBEFRAY LROBERT 2 v
PETT 5720, DAGERKRIETLAZbDLEZ LN
5.
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3
T =1300°C Slag : Na20-5i02-MnO( -NaF)
- Metal: 13~14%Mn- 4~5%C
o
28
™
’\J, 2 o0 ©
ccé . .‘oo \d ®
S * L4
r=)
S1if
o/
1 | S L
0 10 20 30 40 50
(ZNa20)

Fig. 8. Relation between phosphorus distribution
ratio and NayO content in the slag.

3
T =1300°C Slag : Na20-Si02-Mn0(-NaF)
oy Metal:13~14%Mn- 4~5%C
=
~
® 21
o
N
a.
»
S
o
— 1
1 1 1 1 1
0 20 60
(ZMn0 )

Fig. 9. Relation between phosphorus distribution
ratio and MnO content in the slag.

37 FWMUAREODEH

FEERIZH V7 Nay0-Si0, £ 7 5 v 7 AL BHHD
ALBWT, BIFFE N DTl ) AR L B FHEE %
HotEliL, RE < U HViBEOEEII>WTHRN
. 37, BbETE IO LBSEIHTBEE LTV,
BT EEOYS L 7.

B A% (3)XEL, TORIGEY AT AEEER
Tryanid, (4)BX(5)XT/RY Mn/MnO & &
U Cr/Cr0; BILE LN 525N B0 EREL 7.

ZB+59:P205(1) ................................. (3)
AG°=—168600 + 133.0 T [cal]

Mn + Q = (MRO)  -rovevemrrermssnremneenesiennees (4)
AG° =— 58400 + 25.98 T* [cal]

2Q+3Q=(Crzos) ................................. (5)

AG® =—169300 + 72.62 T'* [cal]

0.16 T
'—g:-g [%c]=0 1 2 | 3 4 5
conditions
0.12- T2 1300°¢. |
(]P205='|0-26
~ QMno =1 0
(=9
> 0.08 | Qcrp03=1
0.04

1
0[%Mn], [%Cr] 20

I: Experimental value for 13wt%Mn-4wt%C iron melt
Fig. 10. P -Mn or Cr relationship at various car-
bon content in melt.

(3)&(4)X, BLU(3)e(5)RoMEE L Tl h
ABEYENL, v A ryBXU 7 uLBEELrOBERY
kv 7z, B 1300°C 1o BV THREZBRE L3817
BEOFHEREEY Fig. 10 1R, 48, ThoH0RE
2B WVT, gpo, PEIZ, FFRDRZ T Y (Na0-Si0,-
MnO-P,0;5) i22oWTF— 2 hnizo, KOLHIZH
EL. Tabb, Na,0 RA T 7D Py0s Difimth
BT R ES MnO DEBIZ/HES W 2 H 5 MnO 122
WTIHEEST, Bo5h7-RX T 70 Na,0/Si0, €L
$ POs DENSSERPSIIOSY ko
Nay0-Si0,-P;05 A 7 7/ DF— 5 % b &2, ap,0,=
10726 LHEFE L 2. B2y uLBskoai, kT sE&
BRTohEE—ICkRELL. $/2, A5 7d0 MnO B
LU Cry0; i & L ICBH O &M (amo=1, acro,=1)
TEHEZ 1TV, BEHPET D ap, amn BELY ac BT
REREALROMEERY 2 ZE L Tko .

Fig. 10 &0, Py AREE~ 7V iRBEORME
JURFBREORBVICELBODTLERET L Z LA A
Thh, TNOOBEENIIAERERL —BL TS, 12
L, REEBENSwt% LEOEAIZ2 0T, Ki
HIZBWT C/CO(g) Fsicb e SCBERRT v v L
YEEL Tu WY, EEBRER EEHRMEOMIN 3K
LTWwiu,

37, A—&BIsE~ o A oBgkes s 0LE
HERKTDHE, B T ERICHT B0 ARKE
BE/7ULEBIINTAODINE L, By 7Bk
DBV ADPE 7 0 LBEBOBNALD VDO ZHIH LW
SERRBELTWVD.,

—h, REBRTIIERE TRIZBWTLY L PR
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EAEORTWRVA, ThEHDFIEMEHS - EER
EORE %727, B 1300°C, 13 wt% Mn-4 wt% C
DEFKOBE, BoONY ABEEHNGO 1 EITRS &
Bchot, H—FHIIBITA5HMEIX 0.012wt% P
ThhH, ThRIBOSNAEREOMKY AR IV,
FROBFEFRNDI D gueo ¥ 1 IS REL B &
SPEEEERBEIZLDIESC I LIt ), REtERH B
BEZEUMESLLDOEEZONE, 12750, oL
BHOBEOREME, ATERY OEBRE L LB L Tio
T/AELL—HLTwaw, ZhiE, 7 0LBE8%0KY
WCBTFAHRAT T apo, PEVFKREEIZHWE
(107%) L@ edpaEZLN, 4% IhrEH
F— FHICEEER D T EHT I TFIEME I FEERE I
DL E-RDbRL.

4. ¥

B 1300°C 25 1550°C 12T, NaSiO, 8 &
F NaySiO4-NaF 75 v 7 2L X B B@ME~ » U 86
% (13~35wt%BMn-0~5wt%C-0.1 wt%P) O H A %
v, O AR TESRPREBIO Y T ViRE,
7597 A, BLXUIREOEEBIZOWTHEHEL .
I7, BonsnANEREREBES XU T 7RAK
DERIZOWT LG L. 8512, Efh ABE %
BIZK K, FEERREE EL .

INOEDEREFTEDDERDE IS,

(1) NaSiOy 7 v 7 212 & % 13wt% Mn-4
wt%C-0.1 wt%P DEHOB Y AL WT, RElH A
# 88% (at 1300°C) "o 7:.

Bo A, BEPORFEREIFLTE—27%2RL
7z,

i, U BEN13wt% 5 3Bbwt% T TLEH
T2IZELL2T, BNAFEIR B0 BiIEDHEN,S 20%
UF~88IETL..

(2)Na,Si0, 7 7 » 7 A~EALA] NaF B X OBE{LH
MnO, O@FEMIE, & LI AFEO KRS % Ao
7z,

il

(3RO AR TIREOREL, &7 00580
FrEBmLTKRELO.

()%%%Tﬁkbﬂﬁnkﬁmmu,@ﬁ¢mfﬁ
B, 29 7% Na,0 8L MnO BEIZH L TRl ED
GHETAHI by,

(5)V—=FRAFFTICLHFEY ARE*ERL, F
o AREEKEFRE, vy T ViREORBERLL.
7, ZORTEMHEIERE L BTV EEZ R L.

Bk, A 2ZITTAI2H720, RE S CTHl
Wiz Z2wi kSR TEGR)REBM R B L O
CBR ) il 5 SUSRPIT N oy )1 B EKAT O BEFR & O B AL TE < I
Wiz LET.
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