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Effect of Temperature, Area in Contact with Crucible Wall,

Area of Free Surface and Rotation on the Rate of Decarbonization.

(Kinetics of decarbonization in molten stee'l——IV)

Takehiko Fujii

Synopsis: ; 7

Using a high-frequency induction furnace in which atmosphere could be controlled, effect
of temperature, area in contact with crucible wall, area of free surface and rotation on the:
rate of decarbonization was studied. The following results were obtained.

(1) The rate of decarbonization (this rate is difference between the total rate of decar-
bonization -which is measured and the rate of decarbonization by crucible wall (MgO), and
the following rates are the same.) increases linear to temperature (1550~1650°C), and the
activation energy calculated from this results is 34°6 kcal/mol.. This value is greater than the
values of other investigators, because calculating the activation energy, they do not subtract the
rate of decarbonization by reaction of crucible wall (MgO) from total rate of decarbonization.

(2) The rate of decarbonization is constant on condition that the area of free surface of
molten steel is constant, and have no connection with the area in contact with crucible wall.
By calculating from this results, it becomes clear that in this experiments, the reaction of
decarbonization occurs mainly at free surface, and the reaction in molten steel and thro-
ugh boundary layer between molten steel and gas phase of crevices in the crucible wall is
extremely small.

(3) The rate of decarbonization increases linear to the area of free surface. This fact
indicates that the reaction of decarbonization occurs mainly at free surface. ’

(4) The rate of decarbonization in case of rotation increases linearly to the area of free
surface of paraboloid of revolution. But this inclination of the straight line is smaller than
the inclination by increase of free surface in case of rest, because the condition of stir by
high-frequency induction power is changed by rotation.
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Table 1. Effects of temperature on the rate of decarbonization in a high-
frequency induction furnace. -
| Steel Area in con-ETotal rate of Rate of decarboni-| Rate of decarboni
Ch. Temp. Aﬁg;zs weight tact with decarboni- | zation by crutible| zation by gaseous
No oc pO 7, crucible | zation ! reaction oxygen
. J2% o cm? ~ g/mn | g /mn g /mn
C36 1550 8 1400 13696 0+0594 “ 00274 0°+0320
Caz 1600 7 (. ” 0+0700 4 0-0426
C38 1650 |- 7 y 4 0°+0800 % 0°0526
Ch. Temp. | Atmosphere | Steel weight | Area in contact | Rate of decarbonization by crucible
No. °C 0:% g with crucible cm? reaction g/mn
C39 1550 0 1400 136°96 0°0288
" C40 7 7 ” 7 0+0274
C41 1600 | 7 // 7 ”
C42 7 ” 7 7 0+0281
C43 1650 4 ’ ‘s 4 0°0274
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Apparent activation -energy 34°6 kcal/mol.
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Table 2. Effects of metal depth on the rate of decarbonization in a high-freguency
induction furnace— (1) 1600°C, oxygen 8%.

Atmos-| Steel | Steel A{:gt i\r;i;:ﬁn- Ch. Total rate of Egg’z;’figﬁcaﬁ? Eg;?zgfiggc%? Mean
p(})l?o;e‘ we;ght ds&t h crucible No ;iiic;arb?mza- crucible reac- | gaseous oxy- v71u§
276 cm? : g/mn i tion g/mn gen g/mn g/m

Ca4 0-0714 00274 0°0440 '
8 1400 73 136°96 : 070426
C45 0°0686 0°0274 oro4l2 -
' C46 0°0624 0°0195 0+0429 , «
8 933 52 97°57 ' : S 0°0419
C47 0-0605 0+0195 - 0°0410
. Cas 0*0600 0-0116 0°0484
8 466 31 58°15 : — - 0-0446
: : “C49 0-0525 0+0116 0°0409
B THD. THbbNE 6ommeé DHHEh TEME Vacher Ha- 5 ‘
% 1400g (X 7°3cm),933g (EX5'2cm), 466g'((EF  milton O &30 yaung
X3 lem) @ 3 BT O THRL S EOMBEA TR X D FRF |\ £ e
e, SHERTIRE 6% 0 FOBBEELE 1600°C D T B, ol s 9%
L EGEEEO T CME L. TORREFig 4 ORT R TARY \
EOTHY, ThoOEROEM»OHELLBERE  4£mysz il \ \y |
B DUNCKHREER & OR IG X BREEE Table -~ ©&§, CO 4 S\
2OBYCTHD. [IMHERLORNSTIBERREED 2 71 L CHIBEE §‘f¥\\
BROESEIERERC»rrbLLY, ERELXOHEE 2L T~ § \Hk \
NT—EOEERT EELTHI . e rE ks SN N
S X I AROERFETIOBREREL 16% KB pmuch s § PN -
ML, WRER 1400g (BEX 7°3cm), 11668 (BX6'3 5. = SLA \
cm), 933g ((FX 5'2cm) DEEDELRIEE R 1600°C 2. WA 4 \‘\‘\'z\‘; \
OBMEECHEL . TOBRARICTTE Fig. 5 o9 1194100 WA
DBYTHBH. T X VLREREE, FHMBEREEORE HERHODE o \x Y
C X BBEEELEE T 5 L Table 3 ®ED Th 5. s LEED RN
SHAREESR & DRISIT X HREE O FHEIISIAMRE 8 pmaEss, 37 x\
%DEE L ARCEMOES CREBRTH S EEXT pramE@mm R
XWwthsrs. BT R B ImIC g 20 40 & nﬂy{ﬂ{% 720740 760
SERCERDOXS bf_@ﬁﬁﬁﬁlj‘l@ﬂ}ﬁ.}iﬁﬁﬁbiﬁ&&b‘k s8R bicHiHs Fig. 5. Effects of metal depth

on the total rate of decaboni-
zation in a high-frequency indu-
ction furnace.

1600°C, Argon 84%,0xygen 16%.
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ency induction furnace.
1600°C, Argon 929, Oxygen 8%.
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Table 3. Effects of metal depth on the rate of decarbonization in a_high-frequency
induction furnace— (1) 1600°C, oxygen 16%.

: Area in con- ‘ Rate of decar- | Rate of decar- |-
Atmos- Ste_el Steel tact with Ch. Total rate of bonization by ' bomization by Mean
phere | weight| depth : ible decarboniza- | crucible g value

0.% o cm | cruci ' No. |tion g/mn | cruci reac- | gaseous 0Oxy- g/mn
; cm? | . { tion g/mn ! gen g/mn
: l
[ 1 Cs50 0°0763 0-0274 00489
16 1400 73 13696 - i 00507
Cs51 0-0800 : 0+0274 C-0526
‘ - Cs2 | 00775 00234 00541
16 1166 63 117°22 . ‘ 0°0535
| Cs53 0-0763 00234 | 0°0529
C54 0+0806 00195 00611
16 933 52 97+57 i T 0°*0558
] | Css 0°0700 00195 | 0:0505 !’
] . 4
Table 4. Rate of decarbonization due to escape of CO from unite area of free
surface and formation of CO on the crucible wall.
At hefe Rate of decarbonization due to escape Rate of decarbonization due to for-
mgsg/ of CO from unite area of free surface mation of CO at crucible wall.
z/0 x g/cm?-mn | y g/cm?-mn
8 0°00137 0°020029
16 0*00137 O'OOOlw‘
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MBVNE 7D Fig. 6. Effects of free surface JCWZX WL Fig. 7. Effects of free surface
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Table 5. Effects of free surface on the rate of decarbonization in a high-frequency
induction furnace— (1) 1600°C, oxygen 8%.
Area in . - Rate of de- [Rate of de-
Atmosphere| Steel | Steel Ch. |contact Ring ;lf‘oézlc;:;g_ carboniza- |carboniza-
‘ weight | depth with Di F } nization tion by cru-ition by gase-
0:% g cm No. |crucible iameter free sur- ¢ /mn cible reac-jous oxygen
cm? mm ¢ ace cm tion g/mn | g/mn
) C45 136+96 &0 28°26 00686 0°0274 0-0411
8 1400 743 Cs56 15266 40 1256 0°0432 0°0306 00126
C57 15816 | 30 706 00387 | 0°0317 0+0070
Cb58 162°08 | 20 314 0°0337 ; 0°0325 0+0012

Table 6. Effects of free surface on the rate of decarbonization in a high-frequency

induction furnace— (1)

1600°C, oxygen 16%.

Area in 1y Rate of de- |[Rate of de-
Atmosphere| Steel Steel Ch. contact Ring ) (;If‘oézlc;fgg_ carboniza- |carboniza-
weight| depth with ] nizatio tion by cru-jtion by gase-
0% g cm No. |crucibleDiameter ?‘ree sur- g/mrlx  lcible reac-lous oxygen
: cm? mm ¢ ace cm tion g/mn g/mn
C59 | 136°%6 60 2826 0°0800 00274 l 0°0526
16 1400 743 Ce60 15266 40 1256 0+0438 0+0306 0°0132
Cot 158°16 ! 30 706 00375 0°0317 j 0°0058
Ceé2 162+08 | 20 314 0°0300 ! 0°0325 i 0-C00C0
B b SRR & ORIE I© X 5 BUREEAHET BIc ST 1400 g 2 4UREAE 8% OFCIERL T, B

vi, HIEO MgO LEMRE L OFGIK X DRRERSE
) vy ERICE Y D RESREI L TR REE 52
glv iz,
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Table 7. Effects of rotation .on the rate of decarbonization in a high-frequency
induction furnace. 1600°C, oxygen 8%.
. o iArea in' ! _ o B
Atmos- | Steel Ch. | Rotation ! géeﬂl fcontact g;ffeac e ;(’)I‘fotaéllerag? f::gogfizg? (l:z:i'tgogfzg? i Mean
phere |weight- P i with area .bonizaca ;c:ironc _lgslfe ti:;le c‘)JlfS i values
- - uci H
0:% g No. R/mn cm Cruc‘Ple cm? jtion g/mn| reaction ngEe“ ] g/mn
cm? g/mn g/mn
C44 6°8 1464 2826 00714 0+0274 00440
0 - 00426
C4s 68 146-4 28°26 0*0686 00274 0-0412 | .
Ceé3 7°6 162°0 | 42°06 0°0775 0°0304 0-0471 |
8 1400 170 — | 0-0483
Cea 7°6 162°0 42°06 0+0800 0°0304 0°0496
Ce65 8-2 173°3 54-71 00875 00325 00550
340 ! 00550
Ces 8'2 | 1733 | 5471 | 070875 | 0°0325 0°0550
X DATEEER 1L Lo d i A REE NS < i 7
DT ERRLTVE. T DERS SERHEEL Rotation
SO KHEBEE & DRIS  X B BUREERHET 5 & P I
Table 7 BN TH 5. KBEELHLD LEFEOE L T
VX paraboloid of revolution kL, 18+ O ;:400 "*'/
x> .
RUEH DA T B0 HHHUAEE MgO & ORIEIC X B RiL5 b )
ENEATHDITHS. LisA>T Table 7 KR w e
X dic, ko & & OHBEE MgO & O G & I EEE e’
s . Ay o ¢ 70 20 3 - 40 7 7
Dicxicizb OB E OEMERROMAERL #HIF7-H O Free sursace areq (emt)
IR L DRICE & L TLRBEED 525 iz. Fig. 10. —dc/dt vs. free surface area by

rotation in a high-frequency induction
furnace.
1600°C, Argon 92%, Oxygen 8%.
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Kinetic Studies on the Steel-Making Reaction. -

(On the nucleation and growth of CO bubbles in liquid steel)

Kichizo NiWa and Mitsuo Shimoji

_ Synopsis: .
The reaction of carbon oxidation in liquid iron,
. C+0 — CO (g)
should be rapid in true terms of homogeneous chemical reaction. This can be confirmed by
the theoretical reason of the absolute reaction rate theory. The most reasonable view for
the rate determining step of the above reaction may be obtained from ““diffusion film theory”’.

1) The thickness of the diffusion layer is briefly discussed in terms of Reynolds’ number
of liquid iron. The nucleation and growth of CO gaseous bubbles are explained from the point of
view of the ‘‘theory of heterogeneous phase transformation ”” and the ‘‘theory of diffusion
film.”’ ,

2) 1If the rate of carbon-oxygen reaction in liquid iron were controlled by the process of
““homogeneous one’’, the rate of this reaction energet1cally leads to too very large value
compared to observed one.

3) The most reasonable process determining CO format1on would be a transport of the
dissolved carbon (g) and oxygen (O) to the existing surface of CO bubbles.

4) The favorable place of nucleation for CO bubble formation would be in the solid-metal
interfaces such as the hearth-metal interfaes.

5) The rate of carbon oxidation in the open hearth has a weak tendency to diminish with
decrease of carbon concentration.
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