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Oxidation Behavior of Silicon, Phosphorus and Vanadium in
Carbon-saturated Iron Melt by Sodium Carbonate
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Synopsis :

From an experiment that Na,COj reacted with solid Fe-54%, V alloy at 1100°C, the following equation

was derived for the reaction of vanadium oxidation by soda ash.
Na,CO;+4/5V =Na,0+2/5V,0;+C

Vanadium valencies in the soda flux (Na,CO,, Na,CO;-FeO) reacting with carbon-saturated iron
melt have been examined as a function of time. The V,0;5 produced by the above equation was found
to gradually reduced by carbon and/or silicon, changing to the valency V5+-»>V4+—-V3+, The reduction
rate of vanadium oxide was reduced by the addition of iron oxide.

The oxidation behavior of phosphorus, vanadium, and silicon in carbon-saturated iron melt has been
studied by use of soda flux (Na,COj,, Na,CO;-Fe,Oy) at 1300°C. The oxidation of phosphorus and
vanadium were initially retarded if a small amount of flux was added by installments and after the end
of flux addition the reversion of phosphorus and vanadium occurred. In comparison with the results
obtained in the addition of soda flux by a lump, the retardation of initial oxidation was explained by
the fact that the reversion rate of phosphorus and vanadium was considerably fast. The effect of Fe,O4
addition to the flux was found to be significant in both experiments using a lump and installment

additions.

while neither dephosphorization reaction nor the vanadium reversion took place.

The extensive removal of vanadium was observed in the addition of Fe,O; by installments,

The same oxidation

behavior found in the Na,CO;-Fe,O; flux was obtained in an experiment using the CaO-CaF;-Fe,O4

flux.
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> oy ADEIRKETAHELHE LTW5BH. Lavt,
FN HDFE L Baokul HLoERIZv Y a v, hA, S
U7 ADOFLEEN RO T\ 5. Tieih Baokur b
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Na,CO;+4/5V = (Na,0) +2/5(V,05) +C--- (1)

(1)RDOKIHIZEE LHALFENC Na,CO; LHA &D
Rtk ieREFMUL, RENMBRIGTH S, &gk

Table 1. Reaction of Na,CO,; with Fe-2.74%
C-2.119% V melt in an AL Oj; crucible. (In Argon
at 1400°C after 5 min)

(wt%)

initial final
Metal Metal Slag
v C v C T.V V4  free C T.Fe
2.11 2.74 0.276 3.15 13.3 0.33 0.016 0.043
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Table 2. Reaction of Na,CO,; with Fe-549, V alloy in an AL, O; crucible. (In Argon at 1 100°C

after 4.5 min)

(wt%)
initial final
Metal Metal Powder Slag Filtered
(1.5261 g) (1.2354 g) (0.1907 g) (1.958 g) Solution
v c v c v C T.Na CO¥ TV v T.Fe freeC T.Na T.V
54.31% 0.131% 54.06% 0.150%  3.69%  23.3%  42.7% 51.64% 2.56%  0.04% 0.044% 0.086% 1.54g 0.104g
4 2
Na,CO; + 5 V Na,O + 5 V.05 + C
Theoretical (ratio) 1 0.8 1 0.4 1
Experimental (ratio) 1 0.81 1.01 0.40 1.02
(mole) 0.00375 0.00302 0.00379 0.00151 0.00383
v —T v v T
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Fig. 1. Variation of Si, P and V in metal, and
content and valency of V in slag with time for
Nazc()3 ﬂux.
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Fig. 2. Variation of Si, P and V in metal, and
content and valency of V in slag with time for
Na,CO4-FeO flux—Effect of FeO addition and
initial content of Si.
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Fig. 3. Variation of P and V in metal with time
by installments addition of Na,CO; flux—Effect of
initial content.
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Fig. 4. Variation of P and V in metal with time
by installments addition of Na,CO;-Fe, O, flux—
Effect of initial content.

Arvyak i 0.1% Fogt REMFEE 420g
1z Na,CO,(20g), Na,CO,(20g)-Fe,0,(20g) %5 L ¥
Fe,05(20g) % lmin Z L 5 5%C bl L7z Ean
1300°C ¢fiofk. ZhbLDERTOEY Y = VigE
i 0.03% THhH. FOEREY Fig. 3~5 R,
Fig. 3 kw5 % 7z Na,CO; o #5825 0.14P,
0.2%P BEOHE, iy ARIIKELED BD
B, AR Sy 2R onwTomifis o
v ABEOKEIIR LW, L, 0.1%P, 0.1V
R EUEROP I 7o v 23T LE
WTHhEBDLZ &8 Fig. 3 bbb, HAFC v 4K
ENMEYAREIDLIREL, Ui Fr o v A BERRE
LPE—BECE S HIER LTS, SRy
v AR ELA T IHRBEC O TR I TRl
DOEEEY (Bl il VR0, @liE 2070°C, FeO-V,0,
Ahe 1750 °C ) BRI hD Z LI X b AT Z7HEH
b L 2 2 Ak i+ oy aRR DI K okt
EELZbNRD. AT 7R OVTIRERFS F i
BB AT IRV EDIDBETCZ Dk, fOT, A
FY LA ERUBILYORENLBECLTAT 7Ok
REEEZ L.

0.1%P, 0.1%V % ELRETHAMDS EH - F
U ANIDEID T BOTWEDIX AT Fho
P,O; BN AKX eD E NayO 232 5 S BE LR



BEET T UV A X DRERMEHKPOY ) 2,

DA, XFT Y AORELES 955

vy b4y
< 0 (0N%P.ON%WY) "
= —ae -
g M(am%@,,o'
o o ——
e ~~0e_ e
* C(0.21%P)
)
o
)
E
als
)

1300 °C
100+ ( ):initial content |

0 -
3 X Fe0: (209)
(=]
=3
»
=
&350
e
=2
z_l
b

(0.21°)
100l (0.11°P+ 0.11%V)
0 5 10 15
Time (min)

Fig. 5. Variation of P and V in metal with time
by installments addition of Fe,O; flux—Effect of
initial content.
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Fig. 6. Variation of Si, P and V in metal with
time by installments addition of Na,COj;(a~c) or
Fe,O; (d) flux—Effect of flux weight.

HEMENSE WA, CaO0 iz TH&RIFD AT
B BOANETTHZ LR DL HERTHD.
Fe,O, HIic X BBi-3 v v AKX, Na,CO,, Nay,CO,
“Fe,0; 75 » VAR IBEThEBERLEBETHS
2, EHAF Oy AEERNZ . ZAULER BT
DE FeO-V,0; A ADOHBHIC X 5. KBRED A
5 roXEREKEIEE X b FeO-V,0, OFFEXTEN
D,

vy av, DA, AFOYARETREMMEGOE
WIS AR LD 28 D7 Ty 7 ABEHERM L
HEAR(TOR. FOEES Fig. 6 i3, 0.1%S8i %
SR ERFB Y Na,COy(2g) % 30s Zkic 10 4
RN L7-kE B % Fig. 6(a) &, ¥ 7z 0.05%Si, 0.1%P
B E T Na,CO,(2g) %M L7c#ER%E Fig. 6
(b)Y, BEERIGIEAE UTWB A D ARG Z
DT g, Fig. 6(c) BB Baie s &<, 0.04%81,
0.1%V DOERRICOWT d BEERREA U0 5233
F o ARIEIRAE UTwisu., —7, Fe,05(2g) % 10
SEIRI Ui ERCixliEE, B vy ARIGHETLT
W3 Eat Fig. 6(d) 2 bbb,

(b) Na,CO,, Fe,0,, Na,CO;-Fe,0, 75 , 7 %
0.1%Si, 0.1%P, 0.1%V % &ichEEaTEs: (420
g) & Na,CO;(6g), Na,CO, (6 g) -Fe,0, (6 g) BIW
Fe,0,(6g) % 30s & Lic 10 &N LA-EBE 172

— 69 —



% 69 4 (1983) 8=

956 & &
[XI22TIY) [TTTY1127)
o -__.D-__-aﬂg‘i--’«n ---------- % -y
P(0100) g P
20 g
P(0.103) P
“op v(0.098)
o JI— o
Y v(0.101) ,"'
201 \l'-\ 1300°C SV
N, ’I
40 ‘q\ A
N vioIon o
60 —=-gr-—--- B h-adl
. 0
= —o0— Na,CO;3(6g) Na;C0; (6g)
2.0 —2— |Na£O(6g) -+ Fe,05(60)
—-O-- Fe;03 (6g)
40 (): initial wtth
60
i (0.1
80 T 5.-6-(9—1-7-) ----- -0+
- ~o.g
$i (0.138) -
100 Si (0.125) ¢ i e e -0
0 5 10 150 5 10

Time (min)

Fig. 7. Variation of Si, P and V in metal with
time by installments addition of Na,CO,;, Fe,O,
or Na,CO;-Fe, O, flux.
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Fig. 8. Variation of Si, P and V in metal with
time by a lump addition of Na,CO; or Na,CO;-
Fe,O, flux.
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Fig. 9. Variation of Si, P and V in metal with
time by installments or a lump addition of Na,COs
flux.
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Fig. 10. Variation of Si, P and v in metal with
time by installments or a lump addition of Na,CO;-
Fe,O, flux.
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Fig. 11. Variation of Si, P and V in metal with
time by installments addition of CaO-CaF,-Fe,Oy
or Na,CO,;~Fe,O; flux.
ABF—HFEOLTNRBI DR XL RbZ LR FEShS.
(d) 1 2%R75y 7RAEDHE

Fig. 11 & CaO-CaF,-Fe,0; Z7 5 , 7 % & Na,CO,
-Fe,03 275w 7ARIBYY 2 v, DA, RFoy
ARIEOEFHRT. 5142875y 7 ATRBAF
VAR EAERI BV, V-FRT T, 7 ATIX
MR ER Lo 2T\wWa., Larl, HSroya
RIGHEeMZZDoTwWb. —F, B ARIGIXE 7
Ty 7 AL GFHIOR Y AEEINEL, TOBRFEREE
KEL DT3B, RERIGE7 5 » 7 AP 7
Ty 7 ALDBEREBECHETTIN, 77, 7 AN
RTBIIY —FRIIV)a v XA 7oA, HED
ARG BB D CIERIGA R BEIT LTS, 54 A
FHEY AR B 5 O THREERIGHET LT 55,
BAFCT AREEEA RS DR O THRERT
V=FR XD bbb TR EbnB.

4. & B

Y= HR7 Ty 7 AR X BRRANES O v ) =
v, YA, SNFTY AOBEEEIC OV TEREZITVE
ToEREE .

1) Na,COy L3+ v A LD

Na,CO,+4/5V = (Na,0) +2/5(V,0;) +C

TEINh3B.

2) V—=RRAZF I BAFOT ARENT B ICDI
X, AFUY Al VSt ThAULEN bHBHH, Na,CO,
HIMC XD THER LI V.05 IZRER LU VY 2 i X

DTEBLIh, Vi+oVaro Vs L3252 LAk
ot 75, 7Adi FeO #BE&THZ i X, =
DORILEEILMZ bhic.

3) vyvav, bA, ~FIvaD BRI B
T, V—FKR75y 2 ADEMENR I ERD A, B
NFoy ARIEOFTCERBESEAEL. 75, 7 A
DYERINE BT, vV a2y, DA, A+ ADlE
CEEBREIh B2, 75 » 7 AGMETERIXED A,
By s G LT RERICRETT S, 77 5 7
AD—FFHEIM BT, FHORRERERIL Si=P=V
ThHHEEN & TR EDR. EHAF Y ARG
MEERIEOLBREYARIGHEE D, ThiIkic
BB B HESTT 5. NayCO; iz Fe,Op RBEET5%)
Rz HpEEmM, —ERm L EEcERh . Fe,0 053
BRI X o, WMERINLY — 2875 » 7 A LARE
B, A r oy ARIGIIZE LI KREL oo 1ehd, FeO,
WIMER DI WA, B ARGERES b3, EFAEs
Foy ARG i\ T EhibioT.

4) CaO-CaF,-Fe,0, 275, 7 A /- KT
1t Na,CO,-Fe,0; &7 5 o 7 A LIITFBE, BEED
AFOGDME UTeds, S AR S DT T

AP FEO—EIPER 57 FESGERIFMAE, Eh
MRMICILZIDOTHIELTEHOBE LR LT T

X [y

1) H. ZierLEr: Stahl Eisen, 58 (1938), p. 749
2) A. Harr: Stahl Eisen, 59 (1939), p. 1145
3) A. HARr: Stahl Eisen, 59 (1939), p. 1174
4) H. ZiELer: Stahl Eisen, 62 (1942), p. 795
5) W. Babing: Stahl Eisen, 66/67 (1947), p. 137
6) HE &, KERXRFE: g, 68 (1982), p.1532
7) W. EicaHorz and W. OELSEN: Ger. Pat.
968504, Feb. 27 (1958)

8) Yu.P. VoroBEv, N. A. VaToLIN, V. G.
VINOKUROV, P. I. VOLKOVA, S. V. MIKHAILIKOV,
and G. I. Caurarov: Dokl. Akad. Nauk
SSSR, 183 (4) (1968), p. 885

9) Sk, WRFH, MERE: g, 67
(1981), S 190

10) N. Baoxkur: Iron and Steel, 16 (9) (1981),

p- 26
s, 67 (1981), S191

12) 3k &, KiEREHE: $kx M, 65 (1979), p.1838

13) KXW, AR &%, HE & BHEEM: &K
$@, 65 (1979), p. 1848

14) W. D. Jounsron: J. Am. Ceram. Soc., 48
(1965), p. 184

15) G. J. KakaBADSE and E. VassiLiov: Phys.
Chem. of Glasses, 6 (1965), p. 33

16) S. KuMar: Phys. Chem. of Glasses, 5 (1964),
p. 107

17) F. KOorBeErR and W. OerseEN: Stahl Eisen,

60 (1940), p. 948

MWE B gk

— 72 —



