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On the Simultaneous Dephosphorization and Desulfurization of Carbon-

-
Saturated Iron by Sodium Carbonate and Sodium Sulfate Flux
Hideaki Suito, Akira IsH1zAKA, Ryo INOUE, and Yoshikazu 'TAKAHASHI
Synopsis: ﬁ
The effect of the temperature, silicon and manganese in carbon-saturated iron (0.1% P, 0.05% S) on ‘
the dephosphorization and the desulfurization was studied by the use of the 2Na,C0O,~Na,SO, flux. The |
degree of the dephosphorization and the desulfurization considerably decreased and the evaporation of »‘

sodium increased with increasing temperature. As a result of the flux consumption for the oxidation of

silicon, their degree was found to remarkably decrease, but manganese in metal was found to gradually

decrease. The reversion of phosphorus and sulfur was observed after the end of the flux addition, but

the extent of their reversion decreased when silica was present in the flux. y
The behavior of the dephosphorization and the desulfurization obtained by the 2Na,CO;-Na,SO, flux ‘

was compared with those by the Nay,CO; flux and the 2Na,CO;-Fe,O, flux. The degree of the dephos—

phorization was almost same, but the remarkable evaporation of phosphorus was observed according to

the acceleration of CO formation by the reduction of iron oxide with carbon in metal. This evaporation -

was also observed in the 2Na,CO;-Na,SO, flux, but its extent decreased with increasing the P,O; and

the SiO, concentration in slag.
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Fig. 1. Schematc diagram of experimental appa-
ratus. 1) Thermocouple (Pt-Pt/139;Rh)
2) Alumina tube 3) Graphite stirring rod
4) Graphite block 5) Alumina stamp 6)
Graphite protecting crucible 7) Crucible
(Graphite, Magnesia) 8) Induction coil 9)
Slag 10) Metal.
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Fig. 2. Variation of P and S in metal with time—
Effect of flux weight, flux addition and
temperature.
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Fig. 3. Variaton of P and S in metal with time—
Effect of Si and SiO,.

B Ay BRBERG % LB UTedN %2 OIS b hishs
Ofz. WEY A OABEE & LT EERE 1350~
1450°C OFBSBHETH S LB b0, DBEOARSE
BReixRILiEL DD 1250°C DEEZEC7 T
7 A% lmin & & SEERNT %Ak X b Si, SiO,,
Mn X0 Cr D&% FHNT .
3.2 YyarvskUr Y HDEE

Si BIO7 5o 7 2tho SiO, oY A, BRI
BIETEES 1250°C oW THlINTER% Fig.3
M3 5. #WHivy 2 ViRE 0.5% oRFELATEEIC
DOWT 20g ¥R LcHA (No. 34) 11X Si A7an 33
& (No. 101) ©H~THADOB » AEREIRNZL, B
DAY 547 L&\, BEBREIRL 80% < Si it
BECERTETH S5, Fig.3 wR_T ko>
o VEEY 8min TO0 t7ch, Si nELIZE(LIhT
810, 1w/n 2T\ % 1D A, BBRENE 5 OB K
G735 o ZADFEEINSZ E, BIVOATZ A
7z Si0, 7 Na,0O DiFEY Tisc & BREREATH S
LEZIBND. DIV —FRT7T » JARIDHE

— 96 —

»

‘;4



™
.

BRERF b Uy A-BRERF L UV ART T o 7 ALK B REEE SO R D A B 1851

T T
1250 °C
004 2N02CO3'N0250/. s 209
2
002 -]
n
0
0104Y V¥ |
No{Cr ,Mn (%)
e|101] 0 %
sl102] 8 %% Cr
0.08 a/103] 0.5% Mn | —
>
3O.OES
o
004 H| A o “fn .
4
102
002} / -
o e 1 ]
0 10 20 30
Time (min)

Fig. 4. Variation of P and S in metal with time—
Effect of Mn and Cir.
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Fig. 5. Variation of Mn and Cr in metal with
time.
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Fig. 6. Variation of P and S in metal with time.
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Fig. 7. Variation of P in metal for reduction of
3Na2,0-P,0O5 with G at 1 250°C.
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Fig. 8. Free-energies of formation of CO, P,04(1),
Na,O(1) and Na,CO,(1).
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Table 1. Mass balance of phosphorus on dephosphorization by 2Na,COj3-Na,SO, flux
and 2Na,CO;-Fe,O; flux at 1250°C.

Time W, Wy 4P Total Fe
No. Flux (min) | initial final P X100 (as oxide)
26 9N2,C0;-Na,SO, 5 3.938g | 3.8%g 1.1% 1.75%
28 9N2,CO;-Na,30; 20 3.969 3.878 2.3 Z
107 9N2,CO; Fe,0, 5 3.939 3.872 1.7 0.90
115 9N2,CO;-Fe,0, 20 4.515 4.377 5.0 0.50
128 9N2,CO,- Na,SO, 5 0.441 0.401 9.1 —
121 2Nay GOy NaySO, 20 0.431 0.268 38 —
122 9Na,COy. FesO; 5 0. 450 0.250 44 1.05
123 2Na,COy-Fe, O, 20 0.421 0. 184 56 0.78

W,* : Total weight of phosphorus in metal and slag.
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Fig. 9. Variation of phosphorus evaporation (%)
and total Fe concentration with time.
(A : 2N2a,CO;-Na,SO, flux, 0.1%P,0.05
%S, @ :2N2,CO;-Fe,0O, flux, 0.1%P,
0.05%S, A : 2Na,CO;Na,S0, flux, 1%P,
O : 2Na,CO; Fe,O; flux, 19P, 0.2%%)
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SEARERT 20 min COSKIERE Y A% 38% winoTw»
5. CORETE, BIABDK 13 BMEVAL, &
1/3 B&AEB A L, By 1/3 28 A5 Sk
TWbBZ Ll s.

2Na,CO;-Fe,0; 75 » 7 AW ABE 0.1% ©
RELSFASCRERE L TR L 1oBE, EERREHE S
min T TSI ARiE 4% EL, ERIFH
20 min T} 56% ich. TDT7F 9y 7 AT, 75 v
7 AU 0 ABDRK 1/2 BRIEY A T5
D 7T 2 AWK THUEIDE VKR A LT
feundnx b, 2R Areowt, Fig. 9 Rl
oA S FHOEMKIEBEOZEN LU TO X > M SR
5.

75 o 7 AEOEEET 30% ThHhDHH dmin T
IR EAEBTIRCLES. A% 7D Na,O Dig
PIRIZDT Ty 7 AROBLERDBRTIC L2 THRET S
CO ¥ANGAD ACELLEE LTS XML
HTHBW, i AEBRYTH D P0s DS ORE
CIDTBLIh A 2 AVEBTLES T 50%, CO
HFADHT, HEWPE PrAELTRELT L 5 &
Bbhs. ERPOBZETIX 2Na,COpFe,03 7 5 » 7
ADBEWIL 75 v 7 A A% 20~30s ¥ TixiF LS
Bl L OEERYRE LR DRIGT 503 DB HE
BRI . T ORRITIe s R TEILL IR E
DD AR IORILBY A R D IED B LBbhS.

—75, RESANEGETOH v LBEN 1Y OHBAW
1z, 2Na,CO,-Na,SO,, 2N2,CO;-Fe,03 W7 5 » 7 A
EASIEB D AKITZE LBV E2bhnD. PO; 23
SBErAERTSHZ L, Na,O oFENA T2 TC
LoREREE el b, Na oK bk 34 7c<
oo TWB., FOER, KRR AREI ISk
%. ERhoBER LB E, T ARE 1% OBAX
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“Fig. 10. Schematic diagram of dephosphorization,
desulfurization, reversion of P and S, and
phosphorus evaporation for low SiO, con-
centration (curve [ II [I) and for high
Si0O, concentration (curve T I['M').
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FLBEIVABEIOCHS. OGO A, EDAD
KR E LTRBZEROCHEERTH B, (3)ROKIG
THEBRLICC (Bt o REBE G\ B A IR R
RLIsD) DREBOBREIAER SIS TR,

[II] MK :Fig.8 iR Lick 5 welhin A Sho &t
TTo PO; DIERIIMD TRV, 75, 7 AWM
KT %, BLEFHESE b, Na oZfbaiigs 2 T
P,O; DEEIXL LISV KREL 8D (4)5K, (5)5, (6)
KRR TED AR IOKAL Y ABHEZ 5. Na,CO,-
Fe,O3 ZD7 5y 7 2 T34 Cie[ I 1DFER CKALB
ADPFBIDOTNEDT, BHARB IR A BIX
g, &AEBLD Atk Na,O(l) +C =2Na(g) +CO :
4G° = 102830-75.7T919 (cal), FeO(l) +C=Fe(l)+
CO : 4G°=23820—21.78T919 (cal) DEFKIETHEK
Lic CO A X b (6)RD Py oA L ¥k E Dk
BT bR b kcdicigs 5.

(M1 OfFEEK: KD A, BHABKTTEL, *
7 IHROBRAERY TH D NaS, (2)Ric X 5Na,SO,
£ P L ORIG, B X0 Na,SO, (1) +4C=Na,S (1) +4CO:
4G°=124700—151.6279910 (cal) DK JEIc L oCH L
7z Na,S DOREL BN L, Na,S DiEBEN LR T 50T,
DED(T)RBLO(8) R IOTERTHEDEEL
bits.

NayS (1) + Fe (I) =FeS (I) +2Na(g) e (7 )
4G°=110110—56.38799 (cal)
FeS(l) =Fe(l) 48 +wrrrveerenmrsensnincennnen (8)

4G°=120—4.02T919 (cal)
(7)3RU3 Na,S, FeS, Fe pMEMEREEDEAL, 1250°C
T Pra=1.8x10-2 KELT & 7o iXE H FC T
o ticlkes. (DR 1250°C TixdG°=—60000 cal
THBHDOTHEFFMCHETTS. Dz Lid Torkava &
Lu®% Fe-S-C £4 1o\ TDOER THEND T 5.
AZ 7D Si0, BENEWEHE (WMEI-I/-1)
1Zik Na,O OiEEMNMEL /8% 7, Na,0O(l) + C=2Na
(g) +CO DRJEIEfEE hizd {7ty Na o LiELIT
Wzohd ZOBRJEHRY Ax Ll <s. O)
RICRE I BY ARG Z 505 SiO, WEEHE & Na
DEALIBENN X BB 7edic, P,Os DIEEIVIX L in
D, BABRBATALDEEbI%. Na 0% Lig
B IOKT Y AP lleb &, AT 7dd Na,O,
P,O; BEMNEL tblcdic, NaS OFERIZ EFEe3
(TYK(B)RI XA ERIBE B EEL bR 3.
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H~6)16) ~18) L AFRze-CH\ 72 Na,C0,;-Na,SO, %27 7
v 7 ADRER LR IIT B L, By ARG XiE
TR, Si oFE, Xbic Si, Mn OFEFHIZOW
TRUHERTH .

OrLsEN® DOFEENI D AWE OB\ (1~ 2 %) R
Brxtgrt LTRY, TREYA, BER KD A
DEBE LI OWTER LTV, ik NaSO, R
fe#, Na,CO; % P,O; & OFEAA b b BEIEHA,
Biv AR % Na,PO, &2 T, R+ 1/4Na,SO,+
3/2Na,CO,=NazPO,+1/4Na,S+3/2C0 D RER%E
HL, 2hlb Na,COs/Na,SO,(eth) =6 DB
BETHDHE L. FEHZLITZHIHRY KT Na,CO;,
N2,80, D FhZFhZBEETHCTL(2)K, (3)RK
IO APETL, ERBMELEC S22 LERDTE
n, OELSEN®) DFE 2z LR OTW5. Na2a,CO;-Fe, O,
ATy 7ARDNWTD OLESEN® D EEAER X
¥, EBREEMN 1200°0C OERTHDZ LITD L DD
75, 7 AT Fe,0p HETE I CEMGE(2.75%C)
AV U % 721 Na,CO3-Na,SO, B 7 5 » 7 A EHER
PR TR ABMKMET LT Wb, AR & W
T, CDADT T » 7 AL Na,C0;-Na,SO, %7 7 » 7
A LIBERBRER Y AW L TR, KLY AN
U BTDE D AR TN EDB b Is DT,

TEE~OBEEOWTEHUTO X 5L D, KB
gam BB b X 51, 7T v 7 ARIET BridmiE
13 E2 UNE D AR bR Tw5h, ZOFIED
-1 MgO Z2 3R L 235 7 &2E#HlT 2575k
LEZ bRB., Lnl, AEBORS VKB ELED
e F b EINEF A O & BFE L e B AR
1z TiE Na,CO, ol O, FAZKRERAL T
LI roTEYARME S L AETHHY. FSi
DELL B A BRSRY BT 8, IDRKEEA
57 ELTEITSEVS Frbb FE LRV,
Na,CO;-N2,80, 27 7 » 7 A& BLIBARILE, &
AR Lz NaS 8 X0t Na,0 2B uwigo Sio, i©
HLBH E LCERATS0T, ABEDOA T 7 IKENR
L BFIEE b, L L NaS BB ETH 5 IDEh
REEXRS. Na,COy DHRD7 T » 7 A2 HAVIcBE
BB DA S 7R KERE LT 5 T B i Na,0O/SiO,
HrEns s LANELRD, 779 7 ABESLTS
2y, ERIRd S LHRFVETOTE LI & FHE
RIhB. HbHULDRHFVERERLTLTESHEE
ghrbe Si BT LI D, BIBLTCERIERD AL
BRI ok Si 0edETT 50 Na OF iR
2 b, ChiICXOTERFHIEIRD.

F PR VR SERIT O CHEEE Lk, Na,GOs-Fe,
O, B7 5y 7 AREMTHE, B ABKDIZA,AK Na
OB, KLY A B O T, ZORIEL =
Na, P %8R RIMCBWE LEIRT % FEXE 2
Shn. L, Co%d, NasS #3850 RO
IEPNEELMEE 5.

4.

Na,CO,, N2,SO, %\l V—FHR7F v 7 A RLX
R BTG O FRIRERL Y ABRERZ T, DT 0K
RaBi.

1) Na,C0,;-N2,SO, %7 F » 7 AWM L DFE LW
Bip ABBAERE 528, 79 v 7 AR T RIIZED
ERB LN Z DRS. B ARKOBRITERR E X
v, BYAEROBELEREY, ILEREIAT I
o P,0;, SiO, EEE WG ENA L LIS, SALWi b A
EA T 7D PO, SiO, BENEWHEEZ Dl
15,

2) I RESATEESC Si KEET G, ¥
L7 T » 2 AT SiO, RBAShTW5B4, BD
ABBROZRITE LETT5.

3) I RELRAEYETE Mo BNEETLHER
VB D AR ORI EESRZY, #Fo Mn BE
DV TN TH 5.

4) 0.1% b ABEEDREMABHORD A K
N2,CO,-Fe,03 275 v 2 ARAVWIEE, 77 9 7 A
WINER R TL &R A, Na KibiE&ksE L
D, FORRBEY AV IRSD.

K B EREER A B = R ¥ 4G° BT
wEg. % 7o Na,SO, (1), Na,COy (1), NaS (1), MnS (1),
N2,O), P,Os5(1) ® 4G°XXHR(8)% CO, CO,
FeS(l), FeO(l) ®» 4G° 33k (10) % 5l L7c. &
SRS RO AEBBE e 5 BE 0 HE= X V¥l
R (1) #2518 L.

3Na,0 (1) +1/2P,0,4(g) =2Na,PO, (5)
4G° = —290 740+29.04T1213)
P,+5/20,=1/2P,O4,(g)

AG° = —380480—119.87912)

L8 13
1) BaME, BHER: sk @, 63(1977), 5622
2) FELE, JU)IHS, BIRER WMEBRE: g
s, 64(1978), S639; 65(1979), S215
3) IWWABR, RFEEE: gLl 65(1979), S210
4) WWARER, HREBE, WOE— ANER, &
EFE, hF % gL, 656(1979), S211
5) WARE, BEBE, ®WAE—, BHESD, KHE

|

— 32 —

i



REBF PV TA-TREEF VY Y ART T v 7 AT X BRFBEFMIBES O FEE 0 A DL 1857

6)
7)
8)
9)

10)

11)

12)

13)

13, HIHEF, BRAR: gk, 65(1979),
S 212

W. OtLsEn: Arch. Eisenhiittenw., 36 (1965),
p. 861.

FHE 3E, KEEE: g &4, 65(1979), p.1838
I. BArIN and 0. KNacke: Thermochemical
Properties of Inorganic Substances., (1973)
[Springer-Verlag]

0. KusascHEwsk1, E. L. Evans, and C. B.
Arcock: Metallurgical Thermochemistry.,
(1967) [Pergamon Press]

J. F. Erriorr and M. Greiser: Thermoche-
mistry for Steelmaking. (1960) [Addison Wes-
ley Pub.]

E. T. TurkDOGAN and W. R. MADDOCKS:
JISI, 171(1952), p. 1

J. P. CoucHLIN: Contributions to the Data
on Theoretical Metallurgy XI U. S. Bur.
Mines Bull. 542 (1954)

F. D. RossiNi, D. D. Wacman, W. H.

14)

15)

16)
17)

18)
19)

20)

Evans, S. LEviNE and I. Jarre: Selected
Values of Chemical Thermodynamic
Properties., Nat. Bur. Standards., Circ. 500
(1952)

IMRMKE, R, NTERE: &L, 63
(1977), p. 1520

Y. A. Topkava and W-K. Lu : Metal-Slag-
Gas Reaction and Processes ed. by Z. A.
Forouris and W. W. SmeLTzErR, [Electroche-
mical Society] (1975) Toronto

W. R. Mabpocks and E. T. TURKDOGAN:
JIS1, 162(1949) p. 249.; 171(1952), p. 128
MIER¥=, BARM, ®E F, EREHE, HE
BES, MEBRKE: BHFSHRk MB52-37612
AR R: &5FAH  WE52-28419

REWME, Wi HREEMEH, 28(1973),
p. 22

BRI, SR, =REE, M ERS, B4
Hi%: gk LM, 65(1979), S216

—_— 33 —



