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Dephosphorization of Liquid Iron by the Slag of Na,0-SiO, System

Synopsis :

Kyoji KunNisabpa and Hikoya IwArx

As one of fundamental research on the refining of molten iron by sodium carbonate, the experi-
ments were made of the dephosphorization of liquid iron by the flux added Fe,O, or sodium carbonate
(Nay;COg) to sodium silicate having various ratio of Na,O and SiO, at temperature of 1 550, 1 600, and

1 650°C.

The results of these experiments indicated clearly the effects of addition of Fe,Q,, slag basicity, tem-
perature, and initial phosphorus content in liquid iron on the dephosphorization by the slag of Na,O-
SiO, system, and investigation also showed the refining actions of Na,COj in the slag.

Furthermore, a discussion was made on the equlhbrlum relationship of dephosphorlzatlon reaction by
the slag of Na,O-SiO, system, and a following expression was obtained; -

2P +5(FeO) = (P,0O;) + 5Fe

(%P20s)
[%P]12(%T.FeO)s

log kp=log

—8.67 log (%Na,0) —14.55 (1 600°C)

From the comparison of this expression with that of the slag of CaQ system reported previously, it
became clear that the dephosphorization by the slag of Na,O system is more effective than by that of

CaO system,
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Fig. 1. Composition of flux used on this
experiment.
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Fig. 2. Changes of phosphorus and oxygen content
during runs in case of Fe,O; addition.
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Table 1. Initial content of phosphorus in liquid iron, and chemical composition of slag and
content of phosphorus and oxygen in liquid iron after run.

I Case of Fep03 addition

Slag composition

Temp. o

Flux  ogy [%P11 [ZP)e  [%0)f o0 540,  T.Fe  Mg0  P203
A-2 1550  0.125 0.051  0.072  18.5  39.0 13.6  22.0 1.0l
A-2 1600  0.123  0.056  0.082 16.0  39.2  14.2  23.6  0.83
A-2 1650  0.120  0.058  0.119  17.9  37.2  13.4  24.5  0.72
A-3 1600 0.116  0.025 0.122 16.9 33.9 20.6 19.1 1.16
A-4 1600  0.107  0.023  0.147 13.2 29.1  28.3  16.5  1.23
B-2 1550  0.122  0.017  0.076  23.5 36.9 14.7 17.6  1.25
B-2 1600  0.105 0.023  0.098 21.3 37.1 14.8 19.6  1.14
B-2 1650  0.105  0.033  0.128  20.9  35.9  15.2  20.6 1.14
B-3 1600  0.110 0.013  0.123 18.4  32.2 21.4 16.1  1.36
B-4 1600  0.114 0.012 0.162 17.0 27.8  28.7  13.5  1.45
c-0 1600  0.111  0.060  0.015  36.3  40.0 0.8 15.1  0.43
c-1 1550  0.121  0.006 0.080  31.3  35.9 11.0 13.0  1.38
c-1 1600  0.105 0.012 0.060 30.7  37.0 9.2  15.7  1.38
c-1 1650  0.113  0.018  0.105 26.5  35.5 13.3 17.1  1.30
c-2 1550  0.109  0.009  0.079  27.6  31.5 15.8  12.9  1.79
Cc-2 1600  0.055  0.007  0.119  22.7  31.4  20.0  14.9  0.47
c-2 1600 0.116 0.010 0.081  25.1  32.3 18.0  13.8  1.77
c-2 1600  0.280  0.015 0.093 28.2  31.5 14.0 13.1  3.11
c-2 1650  0.107  0.013  0.118  23.8  30.8  18.2  15.8  1.49
c-3 1550  0.122  0.012  0.110 23.5 28.5  24.1 9.2  1.39
c-3 1600  0.111  0.013  0.117 21.8  27.3  24.2  12.9  1.54
c-3 1650 0,113  0.012  0.123 20.1  27.7 25.9 13.1  1.24
c-4 1600  0.109  0.018  0.143  19.8  23.4  31.4  14.5  1.18
D-1 1600 0.112  0.003  0.118  25.4  26.5  22.5 9.6  2.72
D-2 1550  0.097  0.003  0.121  25.9  20.8  30.4 4.9 2.44
D-2 1600  0.105  0.003  0.139  24.3  21.0  29.7 7.1 1.70
D-2 1650  0.117  0.007  0.140  21.7  20.9  32.2 7.6  1.79
II Case of NajCO3 addition

E 1600  0.110  0.020  0.018  40.9  39.5 2.3 17.5  1.95
F 1600  0.122  0.014  0.034  38.8  38.5 6.5 18.5  2.84
G 1600  0.111  0.010  0.063  32.3  32.2  13.9  23.2  3.90
H 1600  0.113  0.008  0.087  29.7  29.9  18.0  22.3  4.80
1 1600  0.118  0.006  0.109  23.8  29.4  22.4  14.5  4.94
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Fig. 3. Relation between L, and (%T.Fe).
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Fig. 4. Effect of slag basicity on the dephospho-
rization in case of 209, Fe,O; addition.
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Fig. 7. Change of phosphorus content in liquid
iron during runs in case of Na,COj; addition.
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0.034% HL 7s0 LERYAO CLEDT Fig. 9 ©
fER (0.035~0.038%C) L—FK¥+5. Lr>T, K
FEED Na,CO; &7 5, 7 AR IBHY A T
(VWLERoRIEHEz b, F0OB4E TS CllizEEERS
e ALbDEELBRS. kKL, o CfEiX Na,
CO; WMELHEEEIWMT5EEL bh 5 755,
Fig. 9 ORI LT3, ¥7 4min 225
Bf&o 1bmin offic bBR IR TV 5. SHEERT
% Na,CO; OFRLIER OFE LY ZiF CHEZEF D O
mEot-d, BREIGVECCIETLLELDEELD
na. ok, EdoitEr#AL: flux E OBERED
OB I tB.

—%, KEBRCROCTREBRRTRCSFSAZ 70
AHRER (Table 1-1) KRB\ TR F 7HC (T.Fe)ns
2~229% HELTWIZ EbEHEMLA: Na,COos {1
()~ RORIETHREEXRIELT DL E X b h
5.

Na,COjs (1) + Fe (1) =Na,O () + FeO () + CO
- (2)
mpm@+%&®=mpm

+%Fe203(1) FCO covvremrernenrerieeeenenneen (3)



Na,0-SiO, %% 5 /iC & 28k OB 0 A

1597

wt'hFeg0s | WtenNapCOs
20 30 40

T i I 1 i

0.15[~

L

] L L 1
0 01 0. 03 0.4 03
Na3C03/ (NazC03+Na0-S109) (mole ratlo)
Fig. 10. Relations between content of Na,COj or
Fe,O, added to Na,O-SiO, and oxygen content
in liquid iron.

Table 2. Comparison of the FeO content in slag
between calculation and experiment.

flux (%Feo)cnlc. (%T.Feo)e,p.

E 2.9 2.9

¥ 7.8 8.3

G 12.4 17.8

H 18.3 23.1

I 26.8 28.8
Fe;O3(1) =2FeO (1) 4 O -++vveveevrnniniinna (4)
FeO() =Fe() + O «+evrreeeeeeviiinicnin i (5)

D REHND DI FRIR TR 5 Bgkdb o O
EaRDi. ZofiR% Fig. 10 R4, OBEEIERM
L7z Na,CO; Bt L iz ESMCEmL Tk b
Na,COy 1 X 2 B OBIIERILBE O TH B, F1-,
AR A2 fiR o Na,0-8i0,+ Fe,O5 flux 1 pay =1 )
bRLTzAS, Fe,Os OFLIEA L0422 & = A H 0.5
(47 wt%) © Na,CO; &7 flux I 0oB&131F 309
Fe,O3 IO THL LTV 5.

Na,COp DREIEIEHICDOVTHRD L 5 e EE B #H 3
Tk, Tithb, HiL7: Na,CO, ()Xo K
JET—MMEER ) ACHBIN 2080 0 Na,CO, (3
TRTRBEOBLELR b D L E:, (2)RDKIE
EDAEREh% (FeO) m@EYEH L. = 0HElE
(%Fe0) cate. & EBRMTEDME (%T.FeO),oyp DH:
B Table 2 WiRd. ARIERELT, (5)&n0
DGR LD ROBE D AREOKEREER S hi-Co
%ﬁﬁﬁmﬂtf%%éhéFd)DM&%%ﬁbh
7, RBBRSOERR Y V7Y v A I oCRERE L
b T Z CRERIHOMEE A, —F,
AT TEBIRERDOA S 7BHO 5 bLEBRGICINME L
2 Si0, KEE L, EBRETHEO (Si0,) BRI ST
LIcRRA S Z7OBEREF\CEHE L. Table 2157
LR T flux G, H OB AFHEHETEREL v -

CEAPEL IO T DR, £ENCRHELIRE—K
LTEDH, HmiLA: Na,COy o—fRitliy A, By
DREIIBES OB L bhicZ LB LM THS.
3-3 BV ATH

AFBR Tk Na,O-S8i0, Xkt LicAs5 7% A
TR ERCHRBEAEGERVEHRTHD AT
DTNWBZEND, AT 7OKAFAREY AWML 5
hEBRERBECPIRIE—EE L o TwW5b, Lt
DT ZDERRETA T 7-REOFEBERABLZD T
5 EEZRY AP OCTRE R I o

INETY —FRAZ V7EDVTORY AFEIRIZ &
A EREDIAD, WUABD 13y — KR X IS
DR D RET OBy A FEEERD T\ 5. L
L, ZZTHHx CaO RA 3 rickit s WINKLER &
WOELZ T eBECL freed (NaO) % H b HoT s
505 AKRTIE NaO/8i0,<1 04 2% L A
BHITE oW, T TARBROEBI H1-0TiE, B
HW DO Baraiva 51910 CGaO RR 35 7ic
DUTOBY AFHOEL HRBEC L Fhbb,
b AFEER% (6)REL, FOPEEE LTk % (7)
ATET.

2P +5FeO (slag) =P,04 (slag) + 5Fe

_ (%P,04) .
P [9%P]2(%Fe0)s

I TCRERTNTERA— VI Ths. 1,
(FeO) 21 total FeO BEEL LTCEROBES & & 7T
BThbh, FHETIE (%T.FeO) % i \» #=. Table
I-T, TRARLERKBELL(7T)REBHALTRDE log
kp & (Na,O) BEOXNE L OBHEYRT L Fig. 11 o
L%, BRI EED o CaO R A 5 ¥
1231 % BALAJIVA D101, SkiEe 518 D LB 4 TR 7o
Kb Na,O R2A35 708EE5d CaO A5 7DEE
LFBRIC logkp & log(%Na,O) & oI EiFEIGR

ceeeeerenrnnenen (7)

o 1550°C
® 1600°C
-1~ © 1650C
For Ca0 Slag
— 2= --=Suito et al. )
----Balajiva et al. R
£ e
o _ a1 .
g-3 e
o
-4 e
,/
: s
~-s}l dl &
5 \bdb .\Q,QQ N
| 1 1 1 | 1
1.0 11 12 13 14 15 16 17

log (s Na,0) , log(%Ca0)

Fig. 11. Relations between log &, and log(%
Na;O) or log(2,Ca0).
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iR LcE
Zhw (8)Riemw

LT D ERIgT o e TE AT
Wik 1600°C BT BHETHY,
7.

log kp=8.67 log (%NaZO) —14.55 (1600°C)

- (8)
m¥s, @Llékﬁﬁzmklbmém%%k b Hh
¥, logkp DBEKRFEMHIZTHIZERE 0L DT
X5 ThB. L, AERTIE 1550°C 5 L0 1650
°C o7 v, P, FRFRETOEL2ENK
XD EENCBRENI T & ol

¥, AEERY CaO RAJ /OHHELHKT S L,
log kp @ (Na,O)BEWE X 5 #HREFHEIE CaO 0
&L IBERBETH BN, logkp OfEIX Na,ORAT 7
OFBREET 1.5~2.5 k&L eoT v 3b. Tieb
B, (%T.FeO) »E—T (Na,0) &t (CaO) DEE
A LB Na,O B2 7 7okt L'e(%P205)/[%
P12z CaO %A 5 7OFho 30~300 fEAE\MEL
s, 1, A—o (%4T.FeO) i\ T (CaO) o
2/3~1/2 DEED (Na,O) THR—05H L' 218 %
ZEMTELER DD, ToE, TDX DRI
THJ BV 1LY — FIREFH O D —2E LT, V—F
K% A5 71k PyOs DRINEEN A RAKFHRA S 7D 2 51
EhBEEBEFTED, FARERIWESORMBEBIEF—
BLT\W5.

4. &% —

v — FRIEB OB RO—2L LT, H L2 L
DYER LTz Na0-58i0, % flux © Fe,0s H % 1T
Na,CO; WM L7 T » 7 A% f\T1550, 1600,
1650°C DABEICRTESOB Y AEBRETVWET
TR Y B

(1) Na,0-8i0, % flux & Fe;O5 2WRIML A7 7
» 7 AL X BBLY ADBEEEEN 1 ITOEWEHET
LB ARG R B, Fio, SHELE L 125N Fe,Oy
EHHVIEAT 70 T.Fe BO—EEC R TR EE
#RL, 20— 7MBEERAT SEEENMECBAREE
& Fe,05, (%T.Fe) ek 5.

(2) HEEEOEBEBIKREL, oMLY —FKC
YAWBEO B AR EERZETHE. L L,
1550~1650°C iR EEATORE DFEL, Ry
Na,O oS LB ERC X H ) ACKRFITH S
2, FRIEEZELWLO TR,

13 AEBRTIR(%Na 008 15~40% LPOREATH B logke &
(%N2,0) & D% IIITRABEDILS D& TERBERELS. £
DREEIX log kp=0.176(%Na,0) —6.90(1 600°C) TR T LT
X%.

(3) Na,0-SiO, iz Na,CO3 WM LI=7 T » 7 A
BB ADSBER D ARBEIXKRE V. Ei, HML
7= Na,CO; IXEER Y ARIGICE ST 2 L RRCER
At L (Na,O)ic L alih A LT 5.

(4) Na0-8i0; %A J 7 L HBRHEOBLY AR I
DOFPEEERICOWTRD L 5 CBHT 5 Z LN TES.

(%P20%)
[%P]12(%T.FeO)*®
—8.67 log (%Na,0) —14.55 (1600°C)

(5) =X >5icint, NaO RR 5 7 kB
DAk CaO RA5 7Ly bHENTHS LM H W
L.

B 0 CAHRORTC H I b Akt @i I
Fetd iR ASE TR EE R, EE WK,
RSB TEREEENM EHK, EAERTFEMNR
BSR4 L 00 ST 15 SRR B ffr iR D BA£RE
SRR LET. FARRIMRE O
ZIEFN 55 EE AR MEHDE CGERIEA) ©
roTibhicz ExRLTERHMHOBEY KL ET.
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