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Dephosphorization and Decarburization of High Carbon Iron Melts by

Sodium Carbonate

Yasuhiro TAKEBAYASHI, Nobuya SHINOZAKI, Katsumi MORI and Yasuji Kawal

Synopsis :

In order to get a basic knowledge concerning dephosphorization of hot metal by soda ash, the behavior of
phosphorus and carbon in metal and gases evolved during the reaction was examined.

Sodium carbonate explosively reacted with liquid iron containing 3 ~ 5% carbon.
evolved by the reaction was only carbon monoxide.

When sodium carbonate was added to liquid 4%carbon-0.2%phosphorus-iron, dephosphorizing reaction
rapidly occurred within the first few minutes. While, decarburizing reaction began at around the period
when dephosphorization was almost completed. Only a small amount of carbon dioxide gas evolved early in
the experiment, gaseous material evolved over a run was mainly carbon monoxide.

It was presumed from the relation between the amounts of carbon monoxide gas evolved and phosphrus

Gaseous material

removed that the dephosphorizing reaction of high carbon iron melt can be expressed as follows ;

5N32CO3 + ZE - 5Na20 + P205 + 5CO

The reactions of dephosphorization and decarburization were retarded by the addition of sodium disili-

cate together with sodium carbonate.

It was found that the phosphate capacity of high sodium carbonate flux was very low compared with those

of Na,0-Si0, fluxes.
Key words : dephosphorization;
capacity.

decarburization ;

1. #

BEEOBN AR E LTy — FIKIETTICE ERE s
RTBH, BAOZHHEY™® SERED TOLAAND
BHERI D o TEH L O®EDF L ENTHD

IS DFRERIZI L, Vv —FIRIC X BB
BRI 0 A BOBLIAMC & KB b 2 BAKOfFEER
e, WKEF MY LAELBESRPORE, AT 7RO
Si0, % & & DRIKIGA BT SR v, KEF MY YA
BILUOZD L) HMEEW DGR DWW T OHRK SO
WD 2 mEEF P Y ABXUHES M) v Ak D
By ARG O W CoHES DR 258 5 25,
BUG R ASFRH M C & A 7230 RUOBHEE 13+ 5010 13 R

sodium carbonate;

high carbon iron melt; phosphate

S hTWnizwn,

RIFFE T, EHBLD ARHE B3 % 72 o 0 L8R
EREEHENT, RKEFMITLHDVIERY TR
7592 Ak Fe-C &, Fe-C-P &, &85 IZIZKFED
FAHELZVEEERE LT Cu-P R X7V EDRLE
B A 9 VBIXUOTARGOERL»BF~A #LT,
KERT ) 7 A DBEERUE, WY ARG, BURBUEDE
BBLOREF MY L2OBDARDICOWTHRETL
7z,

2. X B B &

2:1 EBREEBHIVFR
EERIZWE Fig. 1 1R X9 % SiC BR#EHE 2 W

BHI 63 £E 11 ARSHFHHEARICTRE FEH24E 1 A 16 H3AT (Received Jan. 16, 1990)
* U KERER (B HEMZE(X)) (Graduate School, Kyushu University, Now Japan Air Lines)
*2 JUNKFIEE ITiE (Faculty of Engineering, Kyushu University, 6-10-1 Hakozaki Higashi-ku Fukuoka 812)
*3 JUNKFTLFE (3 : HHAREEL(ER)) (Faculty of Engineering, Kyushu University, Now Nippon Steel Corp.)



REEF P U AKX BER

HBEBOBY A, BRER ' 1481

72, EBHAZoFE LTAEZE30mm £7213 34 mm O 7
VIS BoIEE V.

FEREE RS TICFRFERsEL S T2 s v
KB ORI TE L VDT, A Y VETOELER~S
EER L PEH AR R B ERE, FFERLHZT
B & 24T 5 72,

X NWESDOEAL 2 <L EBRTIE, x I VEFE B
DIFHFCHEM L 7%, FEAORBERMILLY 77 v

Protection tube
Gas outlet

— e
%— Brass cap
~——— Reaction tube
[ —

Flux
SiC-heating element

Alumina crucible
Metal

Supporter

Thermocouple

l ~ Brass cap

Gas Inlet

Fig. 1. Experimental apparatus.
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Table 1. Experimental conditions, the minimum contents of phosphorus and the final contents of carbon in met-

al for metal sampling tests.

Initial metal Initial flux
Non e p— : : [%P ) [%Cjina
omposition Weight(g) Composition Weight(g)
M1l 1300 Fe-4%C 133 NayCO3 8.1 — 3.46
Mi12 1400 Fe-4%C 133 NayCO4 7.8 — 3.37
M13 1400 Fe-4%C 140 NayCO3 12.2 — 3.47
M4 * 1400 Fe-5%C 160 NayCO3 5.8 — 4.06
Mis* 1400 Fe-5%C 164 NazCO3 10.6 — 4.00
Mi6* 1400 Fe-5%C 121 NazCO3 8.1 — 4.03
M17* 1450 Fe-3%C 187 NayCOs 3.9 — 2.85
mi18* 1450 Fe-4%C 199 NayCO3 5.1 — 3.49
M19* 1450 Fe-5%C 163 NapCO3 4.8 — 4.69
M21* 1300 Fe-4%C-0.2%P 167 NayCO3 9.5 0.002 3.19
M22* 1400 Fe-4%C-0.2%P 161 NayCO3 9.0 0.010 3.16
M23* 1400 Fe-4%C-0.2%P 157 NayCO3 5.1 0.080 3.58
M24* 1400 Fe-4%C-0.2%P 158 NasCO3 15.2 0.018 2.32
M31 1400 Fe-4%C-0.2%P 147 NayCO; 8.9 0.098 3.74
Nag0O-2Si0; 15.6

M41 1300 Cu-0.2%P 169 NayCO; 9.6 0.002 —

M42 1300 Cu-0.2%P 169 NayCO3 18.1 0.003 —

M43 1400 Cu-0.2%P 169 NayCO3 9.0 0.004 —

* . Inner diameter of crucible ; 34 mm others; 30 mm
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Table 2. Experimental conditions for gas sam-
pling tests.

Run | Temp. Metal Flux
No. | (°C) Composition | Weight(g) | Composition | Weight(g)

G12 1400 Fe-4%C 162 NayCOj3 9.6

G21 1300 | Fe-4%C- 180 NayCOg3 9.9
0.2%P

M22 1400 | Fe-4%C- 183 NayCO3 10.8
0.2%P

M23 | 1400 |Fe-4%C- 181 NayCOs 6.1
0.2%P

M24 1400 | Fe-4%C- 140 NayCOj3 13.4
0.2%P

M31 1400 | Fe-4%C- 155 NayCOj3 9.2
0.2%P Nay0-2Si0, 15.6

G41 1300 Cu-0.2%P 170 NayCO3 9.3

G42 1300 Cu-0.2%P 166 NayCO3 18.9

G43 1400 Cu-0.2%P 176 NayCOj3 9.2
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Fig. 2. Changes in the contents of carbon in metal
and CO in exhaust gas during reactions between
Fe-4%C metal and Na,CO; flux.
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Fig. 3. Changes in the contents of phosphorus and
carbon in metal, CO and CO; in exhaust gas durig

reactions between Fe-4%C-0.2%P metal and
N32C03 flux.
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Fig. 4. Changes in the contents of phosphorus and
carbon in metal, CO and CO, in exhaust gas during

reactio

ns between

Fe-4%C-0.2%P metal

and

Na,COj; flux (6g/100g Metal) at different tempera-

tures.
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Fig. 5. Changes in the contents of phosphorus and
carbon in metal, CO and CO, in exhaust gas durig
reactions between Fe-4%C-0.2%P metal and
N32C03+N320‘Si02 flux.
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Fig. 6. Changes in the contents of phosphorus in
metal, CO and CO,; in exhaust gas during reactions
between Cu-0.2%P metal and Na,COg flux.
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Fig. 7. Relation between NapyCOj; flux added and

utilized in decarburization.
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Table 3. Comparison between the quantities of
phosphorus removed from Cu-P metal and CO gas
evolved.

Run No. De-P(mol) CO gas evolved(mol) Tco/ Tpe-p
G4l 0.0112 0.0324 2.9
G42 0.0152 0.0455 3.0
G43 0.0126 0.0289 2.3
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Table 4. Comparison between the rate of dephos-
phorization and CO gas evolution at the initial
stage at which the rapid dephosphorizing reaction
occurred.

Run N #ipe-p( M-series) ncol G-series) o/ i
un o (mol/min) (mol/min) "CO/ MDe-P
21 0.011 0.024 2.2
22 0.011 0.034 3.0
23 0.0075 0.020 2.7
24 0.0076 0.033 3.3
Table 5. Estimation of NayCOs utilized for de-
phosphorization or decarburization.
for De-C
Run No. for De-P
Eq.(1) Eq.(10)
M21 29% 40% 80%
M22 29% 47% 94%
M23 29% 40% 80%
M24 16% 46% 92%
N32C03+P205'—'(N320_P205> +C02 """"" ( 7 )

Fe-C-P A # V&R L /2 EEIZ> T, Fig. 3,
4 DRFBRBEOETIILA LSRN WIS DR
DAEE (FEBR M21~24) & CO VW AFAEEE (FEER
G21~24) i HBLIE A, ZOHIX 2.2~3.3 &
%Y (Table 4 Z]), MIE(2)HHVIRUS(3) Tk
CBUB(4) 2 XHT AR L B - 72,

BBz 2T, BEMIIKIG(4)ICX - TERSh
72 NagO B LU Py0s A& 512(8), (9)DRIETHRE
WEDBILEND EEZBLE I TREHETE LD 7.
L5 T, BREIBE LT, BoARB(4)E e
12(1), (8)~(10)2 WAL THEITL TV LRI
5.

N320+9=2Na+co ................................. ( 8 )
P205+59_=2P_+5C0 ................................. ( 9 )
Na2C03+_Q=Na20+ZCO ........................... (10)

Fe-C-P R TORL Y A, BLRIIE~D Na,COz D F|
B OFHERE R % Table 5 12/R$. 7272501, By A
Ui (4)NISEDSWTHE L 7. BlkBUB 2w Tid,
B ADHEFE A E Tld NayCO; & DORIBIZ X o THLMR
PRI > T RELT, (1)XHHVi2(10)X% b
LIBRES SRR L. XD, BRKEE LT(10)
KE2EZEZDBE BRBOA~NOFHELEDES L
Na,CO; OFIFH%IEHT 100% # 2 TL IV, BRAT
RTHB(10) TR s Tt REZIZL W, 22T,
B AKIG(4), BREEEIG(1)ICXs TR S LR
% LT, NayCO; DFIAFFEIC S XITTHE, HNE0

BEIZDOWT Fig. 3, 4 IR L EBHBIZESHTHK
L.

FEER M21 & M22 & %2 E T 5L, 1300°C » 5
1400°C ~DBEERICX OB A~NOFESRIIZLED
5%WnA, BRAORFIHET I L b, S, Fig 4
KIOKENGZOE IRMENTWES, F 72, M22, M23,
M24 X0, 77927 AFMED 3g/100g 2 5 L H 5
6g ~NEHZTHH Y ANOFERRICEILIE % s,
10g %5 LB ARTIETLA. $4bb, Fig 3
oAb LI, 6g/100g 2 ¥ VIEE T TRIRME
LT LI NBED AEOERIYFCE LD, #
N EDBRMEBELS WL D Th D, BR~OF HEZ
RIZBHLTIE 77 9 7 ARMEBOEES RO v &
M5, Fig. 3IIRT LI ICHEMEL &£ D ICHKRE X
KEBI LS.

PEnZ ehs, Ry APFEEHBHDIBE, Na,COz D
WNE B RBEEXFET S L HL IR 5 7.

7797 ARICEET D Si0, DEBEFRL DI
Fe-C-P % % # )L IZ Na,CO; & Na,0-:2Si0, & % [a]
R L 7284 (Fig. 5), Na,COs; HKD MO B &
ERBY, BELL COFABIUY COy, # XDEEH
FELLTWD, ThEFECERMLAE 79 v 2 A0
Si0y DHFFEIC L - T, NayCOz; DfEHE- 2 5 7L IS
(I)HBY A, BURBUCIZEREL TR 72720 L b
ns.

Na,CO;+ Si0,—(Na,0—Si0,) + CO,
ZOFEEE G31 O, Fig 5 ISR S A SR
DCOFTADFEEBELRNAEL BN ARG (1)
ZITITWE LT,

4-3 RICEE

Na,CO3 D 8 B 12 2 v Tl 3 B SR i 22 A 8 1917
B 2GS N TWBE A, Na,CO; L RE L DONIE
WZOWTIRZDREAE DO MEBI A A SN,

BIs( 1)o@ e L T—i)Na,CO; O JUSRE~ D
B, i) BHPOREOLFE~DOREEY, i) Rl T
DALZEKIG, iv) B L7 Na BXL U CO # 2ADEBR
Do OB Fohs. hrbbhsbk )i,
ARG H - L > CTH AR AERL, Lard
HADKF G BETELEVWEIEHELRLDTH 5.
Z D 72 DR HEE O B 5 SR IE AR EERHE R S AT
BETHAH. £2TC, BHFPDOY A, REOEEER I
R L B BIGAEICOVWTERTHS.

R X B EE AR TERE 5.

—d[%Cl/dt=Ak, 0, 1[%C]=[%CI*{/W,
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Table 6. Apparent mass-transfer-coefficients ob-
tained from a simple rate analysis.

ky P for C kp O for P kP, vef
Run No. (g/cm?s) (g/cm?s) ( g/cm’s)
M11 0.031 — 0.047~0.10
Mi12 0.036 — 0.068~0.12
M13 0.045 — 0.068~0.12
M15 0.035 — 0.068~0.12
Mi16 0.019 — 0.068~0.12
M17 0.055 — 0.081~0.14
M18 0.033 — 0.081~0.14
M19 0.019 — 0.081~0.14
M21 0.021 0.047~0.10
M22 0.039 — 0.068~0.12
M23 0.37 0.068~0.12
M24 0.046 0.42 0.068~0.12
M41 — 0.53 0.047~0.10
M43 — 0.53 0.068~0.12
coc, [%Cl [%Cl* 3 FhZNERAKRE LUR

HCTORFERE, Ad75 v 7 A-BHFEE W, i
BHER, k, 32 7 VHIWEBEIRE, 0, 345 VOD
WEETHAH. MK/ Na,COs & Tl 5 RFRE I
BIAEVEEZLNLEY OT[%CI*=0 LIKE L
T, —dl%CYdt DEJMFT— 7 BLV 4 [%Cl, W,
DEBEMHLOADTD k0, HERKD. Z O,
Fe-C %X # VOEE (M11~13, M15~19)iZ2WTid
1min F TOF— %%, Fe-C-P &2 7 VOIFE& (M21,
M22, M24) \ZRBLY ARIEAW SR, %D, WK
REIGATHEE A 1~2min D7 — % 2 $FRH L 7.

B ARIG(4) 22T OWEBRBFEREEZIRET 5
L, FOEEIZ(13)NTERES.

—d[ %P1/ di=Ak, 0, {[%P1—[%P1*|/ W,

Fig. 3, 4 I2BWVT, HDAEL S D ARED S K
ML %BPI™ 1350 7 BEICHTHFIThE W
EFE&ND., 22T, (%$P]*=0 L &% LT, EBREHK
B#30s $TOEMNF—72bLICHRREEDHE L
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Na,0-Si0y 27 5 v 7 AB IR TE L hE Do T,
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BROBED ARSI RN THEITT B L HfEE S N
5Na,CO3+2P=5Na,0+ P,05+5CO
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