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Kinetics of Decaburization of Low Carbon Liquid Iron under Reduced

Pressures
Kazuumi HARASHIMA, Shozo MizoGUcHI and Hiroyuki KAJIOKA

Synopsis:

The kinetics of decarburization of liquid iron by blowing Ar-CO-CO, gas mixtures under reduced press-
ure have been studied using a vacuum induction furnace containing 12 kg metal at 1 600°C.

The results obtained are as follows:

1) In low carbon concentration range, the behavior of decarburization reaction was divided into three
types. '

(a) In the range of carbon content higher than about 200 ppm, the rate of decarburization was described
as the zeroth order reaction with respect to [C]. “Region-0".

It was concluded that the rate-determining step was decomposition of CO, chemisorped at liquid iron
surface. Then, the apparent rate constant of the reaction was equal to 2.5X 10 3 [mol/cm? - s] = 0.43
[ecm * %/s + atm].

(b) In the range of carbon content between 10 ppm and 200 ppm, the rate of decarburization was de-
seribed as the first order reaction with respect to [C]. “Region-I".

As the rate constant decreased with increase in [S] content, it was concluded that the rate of decarburiza-
tion was controlled by mass transfer of carbon in diffusion boundary layer in the metal and the chemical
reaction of CO gas formation at the metal surface.

(c) In the case of carbon content less than 10 ppm, the rate of decarburization was less than that in
“Region-1". “Region-1I".

2) In each region, the adsorption coefficients of sulfur at 1 600°C were given as follows,

“Range-0": x,=65, “Range-1": x,=50~63
Key words: secondary steelmaking; low carbon iron melt; gas/metal reaction; kinetics of decarburization of
iron melt; adsorption coefficient; reduced pressure; oxygen; sulfur; carbon.
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Schematic diagram of experimental appar-

Table 1. Experimental conditions.

Matal : 12 kg, 1600°C

Total gas flow rate : 20 1/min

CO/CO; flow rate : 51/min

Ar flow rate: 151/min

Total pressure : 10~12 mmHg

Nozzle : 7.5 mmg, Lance height: =150 mm
Crucible : MgO, 120 mmgX 250 mm
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Fig. 2. Influence of CO; blowing rate on change
in [C] -during CO/CO,-Ar gas mixture blowing
under reduced pressures.
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Fig. 3. Change in [C] and [O] in iron melt
containing 4 ppm [S].
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Fig. 5. Influence of [S] content in iron melt on

change in [C] during CO/CO3-Ar gas mixture blow-
ing under reduced pressures.
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Fig. 7. Change in [C] in iron melt of “Region-I".
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Fig. 10. Relation between k,” and [S].

—d[Cl/dt =(A/V)- k- (C] - [C])

LY INZE A 71087 ;% WRITIR R PR PR RIS (21)
= (A/ V) kr([C]L[O]L - Pco/Kzo)
ARG D BEET, ceeererencenens (22)

[Cl, [O];: #&&#FE» [C] & [O] i#FE [%]

Pco : FHEAD CO 47F [atm]

K30=Pco/[Cl.-[0].[atm/%?], (20):RTREN%BK
oD ER

k,: (20)R O bFEUCHEEEE [em/s- % ]
REBRGMHT Tit, Peo/Ks P (3.9X107%%2)1 iz
Mo cEHL, (21)&@22)X25 [Cl: x#EET S

()R OIS,
— d[C]/dt =(A/V)'k1'[C] ........................ (23)
1k =1/ k) + [1/(k,[OJ)] «oeeereseererenene (24)

Fig. 6 ISR L7 k & k1©1=0.115, 0.048[cm/s] @
x ORISR AT B ELICEDT, k/=k [0], Dl
MEHETE%. Fig. 1012 k' & [S] 0BG %R L.
k' (@ El: Dc-pe=8.5X10"%[em?/s], OFN : De-pe=
3.0X107*[em?/s]) & [S] n¥Eme & T 5.

Z2C, (20)NTRENBILFERIEA, W CHAE S
NTVRVWEVWTHWAERES A P TEFTTAHE L, k/
AT D [S] OREE D LI xs KD 5.

k) BRRTRENS. 72720, 22 TREMC[0]
KOV THWEFHIWEL L TWDBLDEALT.

ke = (k) {%01/(1 + xs*[%S]+ x%-[%0]) -+ (25)

17k’ =1/(k[%ONA + x5°[%S] + %[ %O}

E:[S] & [O] K L 7 WRARWY 2 {25 i 1K
EEH [em/s* %]
k' & [S]1BEE:OBFRE Fig. 11 12RT. @HIZ

c _
°
Q
by _
-;
N i
) 003 006 009
[s] (%)
Fig. 11. Relation between 1/k, and [S].

k'1=0.115[cm/s], OFNiE k€1=0.048[cm/s] & L
EEDETHE. EH0&EdH A, 1/k/ & [S] &
HEBERICDDEALRTIENTES.

TSI BT [0] 258 £ % 40 ppm »* 5 100
ppm BECHML TS, LD T, x & E° Ol
*IEMECEIE YA L3 TE RV, £2°C, EHEHMIZ,
1 HBOBRFREOTFIE 75ppm & [0] OFKE L
LT s & k2 2Kk 5.

O %4, [0]1=75ppm, xo=161 & L, (26)Ri
AT B L&, Fig. 11 oY L GERP D, xs OTFHW%
e LT =63 2185 N, O0FHBMTRD 2 xg=65 D
fEE KK—BL, RMEERIPORELL g X —
B95. @HOBEEIZIE, »=500 DEIFBONDL. s
DEFEIHN L THWEBBRE kLY o080
HEPH I BRI/ S .

E5, kX EkoB L, OM:12.7[em/s* %], @
EN:9.0[em/s %] &%, BB BT REILE
U PEE B DB k,=15[cm/s* %] & BRI ET
DI EIFEEE.

DEn Xz, [C]»#BX%Z 10~200 ppm D&EHFHD
B EIEAS, [Cl OMERE) L BHRREDOEVTWV DS
WAEH A PCBIFAH[0] & [Clitkn CO F AR
RIGE i ko THEES N D LIRET H L, BREEICS
XET[S] 0B HBNLCHBET LI LATE,
[S] oWl Fieiki, REEBROBI LR :E
ERLS—FHLA LaL, HEEET[C]RED 200
ppm 3 & LT, {LFRICDFKBREAIEAL LE S LK
HESHHETH I LI TELV. SROBREPULETH A.
L2 LBREE2KE TR0, [S] 2mHE
WL, 2o, K- WHHOBHELELTS L HPEET



456 B & M %744 (1988) 3 F

H5.
[C1<10 ppm OBLFEEEIZ D WT I, EBMFE L [C]
DHHHEER LS ED T, SROUMHAPLETHS.

5 % E ]

BETICB I AERKRRBEAKOBIKEL L 12kg D
B BERMIF % Fvy, CO/CO,-Ar {RE T A % 58K
TICREDTAHZ LIZE D THMEL. ZORRIEILUT
NDEITLHLND.

(1 )ERRBEBEROBKEE)L, =2 DRBICXS
EhAB. ZDH b,

(A BLRRE S o koBREERTRENS [C]
DT RRfE 200 ppm FETH D72, — 0 FHIB—

(a)[C] B X% 10 ppm A* S 200 ppm O [ @ 5815
i, BiREER 1RO REXCHEUTES., —1H
ﬁk‘-_

(/M[C] A58 & # 10 ppm LLF o 73K o i k2K BE 13
TR OBLREBE L ) b/Ahs v, — [ #HE—

(2)0EBOBREED [S] o¥Mc X > TET
L, CO, mENMmMELIIWMT LI &b, CO o
2 O ESKIRE T O 5 E B HEE T 5 & HIBT L 7.
Z OB O BB OfbLFCREE S L L TUT OEAR
shi:.

2.5X10"3[mol/cm?-s-atm]=0.43[cm* % /s atm]

(3) I HEBOBiEED [S] OB X2 TERT Y
HZENDL, [Cl oOWEBEE CO F AERIE DR
SEEEEE L. [S]25ppm LT OEED CO, 577
FIARTFE L e WEREEEH E LT 0.022[ecm/s] DfE
w197, ,

(4 ) AEBRIER OB SHEOREFHEI xs &
RO7AER, BEIRTO x5 WATOX) 2L 2D,

BEBER, SR D xs=63.4 DL B —H L 7.
0 $Ei% : x=65, I %K : xs=50~63
(5)[C] 4% 200 ppm LA F DMBAKK FEMOBRD 72
DIz [S] BBHERT 5 LES S 5.
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