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Effects of Flux Composition and Oxidizing Conditions on Dephosphorization
of Chromium-containing Hot Metal by Using CaO-CaF-based Fluxes

Yoshio NAKAJIMA and Masaio MUKAI

Synopsis :

Removal of phosphorous from chromium-containing hot metal by using CaO-CaF,-based fluxes was in-
vestigated at 1480 £+ 20°C. Experiments were carried out using a 300 kg induction furnace in which the
fluxes were injected into the metal by using a gas mixture of O, + Ar. Experimental results showed that
the optimum ratios of CaO/CaF, and 02/ (CaO+ CaF3) for dephosphorization were approximately 1/1 and
40 N1/kg, respectively. Under these conditions, about 50 per cent of phosphorous was removed by using 70
kg/ton of the flux from the metal containing ~ 6 mass% of carbon and 28 ~29 mass% of chromium. The
contents of Crz0;3 of the slag after the treatment were as low as 1 ~2mass%. When the ratio of 0,/(CaO
+ CaF) was increased to more than 40 Ni/kg, the loss of chromium by oxidation was increased without any
favorable effect on the degree of dephosphorization. In addition, when chromium contents are more than 17
mass %, the observed value of Lp((mass% P)/[mass%P]) was good agreement with the calculated one on

the assumption that the oxygen potential is determined by the reaction of CaO:Cr;05 formation.
Key words : dephosphorization ; chromium ; hot metal ; injection ; lime ; fluorspur ; oxygen potential.
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Fig. 1. Experimental apparatus for oxygen-flux
injection.
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Table 1. Experimental conditions.

Metal weight 300 kg

[%Cr]l=~28,[%C]=~6.0
[%Cr]=~17,[%C]=~5.5
[%Cr]l=~ 8,[%C]=~5.0 -
[%P]=[%S]1=~0.040, [ %$Si]<0.06

Chemical compositions

‘ Ca0-CaF,
Flux CaO/CaF3 : 7/3.6/4, 5/5/ . 4/6

Flux : 1.3~1.7 kg/min
Q3 : 10~175 NI/min
Ar : 50~100 N1/min

Injection feed rates

Temperature 1480£20°C
0.05
1480 + 20°C
0.
CaO / CaF3 3
o 0037 2
o
= s
0.021 - 5/5
001}
(%C)=~6.0, [%Cr]l=~28
02/ (Ca0+CaFy )= 64~76 NI/ kg
O L L I "
) 20 40 60 80 100

CaO+ CaFz (Kg/ton)

Fig. 2. Effect of CaO/CaF, ratios on dephosphor-

ization.

HOEBIZOWTHREL 2. WOAARRMIX 9~17 min T
HN, 0,/Ar (HKFEH) 12 2/1 THB. 7L, O ik
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Nl/kg L LTHBHND AREMEL Zhs/z. $4bb,
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Fig. 3. Effect of O,/ (CaO + CaF,) ratios on de-
phosphorization,
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Fig. 4. Degree of dephosphorization and Cr,0;
contents (mass% ) of the slag as a function of the
0,/(Ca0+CaF,) ratio.
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Fig. 5. Changes in phosphorous contents with
(CaO + CaF,) consumptions at different chromium
and carbon content levels.
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41 CaO-CaF, 275 v 7 ADREEAL

Fig. 6 12 CaO-CaF,-Cr;05 2 ® 1500°C 2B} 5%
BMEN?%ZRY. F72, FRICE CaO/CaF; i X
LB TITo 72 AEE ([%Cr]=28~29 mass%) DAL
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THho-7-DT, ZOEF% 100% & LTHHPIZRLL.

%C, Fig. 6 B W TH#HIE C i CaO(s), CaO-
Cry03(s) BXU a HTRENZHMBOWM (LUTHAH
(a)LiT) O 3IMEFHBTHY, aceo,= %, Gcao
= Qca0-cr0,=1 DEBTHB. 7, ZoOHE, (3)
R LD 1500°C XBIF S acro, ¥ 0.01 LEIEENS.

Crz0s

1500 C

Ca0-Cr203

B:Ca0 Cr203
+Lliq .

C: Ca0+Ca0Cr203
+Liq (a)

/v O
/zo 20 60\_ 80
A:Lig {mass% Ca0)
Lig.(a)

0
CaFz Ca

D:Ca0O +Lig.

Fig. 6. Iso-thermal sections of the phase diagram
of the system CaO-CaF,-Cr,0; at 1500°C?.
Plots show the slag compositions in this study.
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CaO(s)+ Cry03(s)= Ca0+Cry03(s) sereereeeree (1)
AG°qy= —240000 + 97T (J/mol)®-+-veeereeenns (2)
log aCr203= —12 536/T+ 5.07
= 0.01 (1 500°C) ........................ ( 3 )

_(aCaOZ Qca0°Cr203=1)
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TFHO Cry0; DEBENLEHRKENZ L2 L, (%
Cry03) #E < LT niEi o, Mouanty 520 )
FIZ X X, 64 mass % CaF,-25 mass % Ca0-10.9 mass %
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BET+H6DLELOND. &5, Cpoa it C
WacNEr!? (2 X D (S5 )R TEHRSNAETH 5.

1/2P3+ 5/405+ 3/20%7 = P03 7 «rrereveneenns (4)
CP043_=(%P043‘)/(PP21/2.p025/4) ............ (5)
= KP043_ . (102_3/2/fP043‘ ..................... ( 6 )

Z 2T,
Pp,: A D P, A DSFE (atm)
Po,: S D 0, #¥ 2 O5GIE (atm)
Qor-: A7 7 0®7 DOIFE
feog-: AT 7% POST DIERREK
Kpos-: (4 )ROFHER ,
F7, BB AWK, 29 7Daco BELY acno, PHE
{ Cpog- BEU Po, OWECAFN %5 DT AL
GESTHRVEEZBNRS. LiL, Table 2ITRL
RKOMEF L &5 E, T A (CaF, NaF,
BaCl,) OE A& <, CaO-CaF, R Tk Z DM A
TifbhTwhtE2L6NA. (F2& 2, 23mass%
Ca0-68 mass % CaF,-9 mass % Cr,05%). Z i, fEkn
MR OF RO GERMETH L -DBER 7 7 &k
LSRR E N e L EZ NS,
&, Fig. TR AERBRTHEON/HIE C TORD

Table 2. Typical fluxes for dephosphorization of hot metal containing chromium.

Chemical compositions

[C] [Cr]

Consumptions

Degree of
Researchers Ref. No. mass% ke/t dephosphgrization (%)
This study 50% Ca0-50% CaF5-(+ O3) ~6 29 70 49
YAMAUCHI et al. 3) 10% Li2C0O3-14% Ca0-47 % CaF3-29% FeO ~6 25 70 27
Usul ef al. 5) 23% Ca0-68% CaF3-9%Cry03 ~6 20 100 ~70
Usul et al. 5) 38% Ca0-57 % NaF-5% Crz03 ~6 25 100 ~70
MATSUO et al. 4) 46 % BaC03-54 % BaCly ~2 25 110 ~55
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A#E L Fig. 6 OHRWRK L Y ZHEAR - M (a) @
gE (%) LOBFRERT. B C BV THM (a)
DEIGITIFITHBIL TR Y AERBEML TS, T4b
b, (a) RICESCEERDAESMELTWAZ LR
bhsb, ¥/, Figg LB OBRFE+RAI75HD (%
CaFp) & D ASEN Lp ((%P)/[%P]) & OB THR
L7 § C (KhOH) T3 (%CaF,) MY 5
B (297 ZHEA a SISESCIEE) Lp 38L,
%35 Lp DFREME (Lpea) WWEIHERE R o 72
$72, B BICASE (MH@H) Lp 3METF L7 §

100
1480% 20 °C

80 [(%Cr): 28~29

Slag ! CaOls)-CaO-Crz03ts)

© Ca0+CaFz : 70kg/ ton

40F

201

’
.
,

O Il e L Il
O 20 40 60 80 100

Degree of dephosphorization (%)

Ratio of the Lig.(a) (%)

Fig. 7. Relationship between degree of deposphor-
ization and weight proportion of the liq. (a) of slag
in Region C. (Region C : see Fig. 6)
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50[ @® Lig +Co0O-Cr 03(5s)
- |
m
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§ >0t LP,‘cul 1144
~ 8/.__
o 2
R IO; 06 L
s I /
a 5t -
J L
|
(%Cr}=28~29,(% Cl=~6
1480t 20°C
02 /(CaO+CoFz2 )= 35.9 NI/kg
| L 1 ] | 1

10 20 30 40 50 60
{%CaF2)

Fig. 8. Relationship between ( % CaF,) in slag and
(%P)/[ %P] ratios.

bbb, B0 AICIE CaO AITH S a fUSITVEE C
BEMTHBLEVZL, TOBEAT 27X Ca0 (s) B
LU Ca0-Cry05(s) DEMEEFLLORT 7y OREHNE
PETTAOBBRBE NN, KFETIE, 7992 R
¥ 0, BAAREFRICEREBHPICKEIAATHS
W, A7 REEWRME L TORERVELD AT
AlcborEZOND., 72, BRI OB
DAFTHD (%Cry03) 12 1~2mass% TH Y Cry04
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Wh, 22T, UFIoHIzoOWTHRET L7,

2Cr + CaO(s)+ 3/20,(g)= Ca0-Cry03(s) (7 )

AG° 7= —1388400 + 437.72T (J/mol)-++++- (8)
log Po,= 2/3[(AG° 10— 24G°1)/(19.144T)
—2log ac,)]
(aCaozaCaO'Cr203=l) ..................... (9)
L, '

2Cr(s)+ Ca0 + 3/20,= Ca0Q+CryQyg +++e--eeee (10)
AG’qop= —1350000 + 344 T (J/mol)® --+----- (11)
Cr(s)= Cr serverreressm (12)
AG°q2y= 19200 — 46 .86 T (J/mol )V +eeeveevves (13)
1og Qe = log fopt 10g [ BCr]  -weeveeveseveruenens (14)
log for= €S, [ % Cl+ e[ %Cr] oeeermvsesennnne (15)

e, = —0.120'?, e& = —0.0003'" (1500°C)
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log Lp= — 0.486 + log Cpo,s- +AG’15/(19.144T)

+ logfp+ 5/4 log po2 ..................... (16)

Z 2T,
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0.486 = log[ (% PO )/(%P)] weoreeerreeeeees (17)
1 e R LA (18)
AG®1gy= —157700 + 5.4 T (J/mol)!®¥ -eoeeeee- (19)
log fp=eS[ %BCI+ eF[%Cr] woreererereseences (20)

¢S = 0.133', e§" = —0.019'® (1500°C)
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— %, #MO5YNEBRSEM (1300°C, [%Cr]=16
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Lp #(16)X L0k bH L Lp=3.22 THV, HHDE
Bffi (Lp=1.91) BV kol ThbbH, 2D
BABY ARBBETE 2. Thik 1300°C LB T
HH70(9)RTHRESND Po, 7 7.13X107 7 atm
LW o LEtE Sz, T bbb, CaO-CaF, K7
597 ATDE Y U LEBHOBY ADYE, EEE LR
S4BT EWED Cpop- PET LD B, Po, (Cal-
Cr,0;) DHWMOESEDHHARKE VD, HROSTHH
DAERE R EZLNS.

372, 2OXH(T)RRIET Po, HPHLMHI & TR
0 ADEATT B4, FERICEE D A RIS (23)K
DEHITHFETAS. ‘

1/2P3(g) + 5/405(g) = POgs(1) =rorveerereereeeee (21)
AG°oy= —767241 + 253.1T (J)19 wereevveene (22)
Ca0-Cr,05(s)+6/5P = 2Cr + CaO(s)

4+ 6/5P02_5(l) ..................... (23)
AG°(23)= 656950—140.4T(J) ..................... (24)

(23) R EWBASUETH 0, FiE EBY ACHFIT
HHIENDDD.

(%C): 4 5 6

50 |

(%P)/1(%P1)

Lp(=

[ ():(%c)
14801 20°C
1 F CaQ /CaFz2:=5/5

02/(Ca0+Caf2)¢ 35.9 NiZkg

L

0 10 20 30
(% Cr]

Fig. 9. (%P)/[%P] ratios as a function of chro-
mium contents. The lines show calculated values
when the oxygen potential is determined by the
formation reaction of CaO-Cry03.
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(Lposs)) & Po, (Ca0-Cry03) & O##% Fig. 11 12
%, Fig. 10 X0, [%Cr] #29~28mass% B LU
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FCHMLE s EEIORL. BHF O P,
FENDATHZ LB RFEBMMTOME (Po,=1.99X
10 "% atm, 1500°C) KKEV b D L EZ SN D, Po,
(Ca0-Cry0;) &I A—FiFL/hsdwv, ZHDXHIC
Po, DK &\ 2 HiAHEM L 2HEDORED Po, L
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Fig. 10. Comparison between observed and calcu-
lated values of (%P)/[%P].
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Fig. 11. Comparison between oxygen potential de-
termined by the formation reaction of CaO-Cr,0;
(Po,(Ca0+Cry03)) and that calculated by observed
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Fig. 12. Changes in sulfur contents with (CaO +

CaF;) consumptions for the different (a)

Ca0O/CaF;, ratios and (b) chromium and carbon

contents.
R9. Fig. 12(a) & [% Cr] = ~28mass% T CaO/
CaF, b2 & b s € /- & 3 OBt 8 %, F7:, Fig 12
(b) X CaO/CaF,=5/5 & —% T [%Cr] # (L3¢ 7-
L EDWRMERE, ZhZhRL7 &8, 0,/(Ca0
+CaF;) id 35.9NVkg LLETH Y, FuFh
CaO fIMIEINTH 5. Fig. 12 L0, wFhbIFEIC L
S BEREZEB £ R L, (CaO+CaF,) % 30 kg/t F2HE
RERATIE 22 THIBREUS R L, [%S] 12 0.010
~0.012mass% FTLOMET LD/ Thbb,
WRBERR T ASHEAE L 72, 2 D & O 45800 4 BivR 25 B A%
Po, (Lp op) 12 & > THEEND 5 &) HRICKRET L 72,

Bt fs & (28) NTRY &, & [%S] 2, Po, X
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Table 3. Po, and [9%S] in the typical heats in this study.

Po, [%S]ca
No. [%Cr] [%Cl [%S]
log Po, (Lp, obs.) log Po, (Ca0+Crz03) log Po, (Lp, obs) log Po, (Ca0-Crz03)

5 28.2 5.72  0.012 —13.051 —13.028 Base Base

8 28.1 5.40 0.011 —13.097 —13.077 0.0123 0.0123

31 29.1 6.02 0.012 —13.017 —12.997 0.0119 0.0118

11 17.1 5.06 0.012 —12.897 —12.850 0.0122 0.0125

12 8.1 4.52 0.012 —12.851 —12.504 0.0113 0.0164

5 7 CaS DIEE (@ cas) B L THOHSF % AV T(30)
RTHE2oN5.

CaO(s)+ S = CaS(s)+ 1/205 --oeereeeerereeeee (28)
AG’ 4= 226195 — 25.84 T?V?V (J/mol) -+ (29)
log[ % S]=5.314 + 1/2log Po,
+1og Qag— logfg srremmrerrerereeeeees (30)
log fs= 0.114[ % C]—0.013[ % Cr] +eereereeeeeees (31)
(acao=1, €§=0.114?2, e§*= —0.0131%%,
1500°C)

Brsr2b—1t (I, M) BT agces EIREPELW
L USA, BRI, 30)REHNT, Po, & (S
OIEERKR) OMEKE LT(32)ATH 65,

[%S1()=fs( I)/fs(11)-(Po,(11)/

Po(I))V2:[%SI(I) sooeeeerees: (32)

Table 3 =, Heat No. 5 ### (I) K LZHED
Zr— F TOBKRA %, log Po, (L) B XU log
Po, (Ca0+Cr03) ¥ AV Ckd, ZnZHRLT. Kl
rEtE o [%S] 4, Po, ¥ Po,(Lpos) & LIHEIS
=Lt ThbL, Po,(Lpo.) FBRHEEHS &
(HBTE, EBORIBERDS Po, TholzbER
Shb.

5 #& =

300kg D& 7 v siEsE ([%Cri<29mass%) ExH
i2, CaO-CaF, %77 v 7 A% O, BILH R EEHITA
Yo va vt AFRRICLD, B ADLOORER
{b&ft, CaO/CaF, Hic oW THETL, DT O#R%E
B,

(1)CaO fafilc, TEBLEFHMNOLE T T v 7 2R
AEHDACELTWAS. Thbb, CaO/CaF, LT 5/5
EEEA LV, COB, 7T v 2 AFHA T0kg/t 2BV
TH#1 50% OB AZE ([%Cr]=28~29mass%) »*#
5% (AN

(2 ) Bl b4k i3 04/(Ca0+CaF,) T 40 Nl/kg
REAL V., OB, X7 750 Cr0; BEIE 1~2
mass% TH 0, rar0f{to % 0.05~0.1 mass%

([%Cr]=28~29 mass%) (Z& &EDBHT ENTEI.
(3)[%Cr]=17mass% D& 7 T LHTIL, [ &%

v 3 % Vik Ca0-Cry0; DERKIBICL DBES LT

HELTERERY X (HHATEL.
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