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Decarburization Reaction of Molten Iron of Low Carbon Concentration

with Vacuum Suction Degassing Method

HAN Yetao, Masakazu KATO, Shigeru SAKAMOTO and Masamichi SANO

Synopsis :

A kinetic study has been made on decarburization reaction of molten iron of low carbon and oxygen

concentrations with solid oxides.

A new degassing method, namely Vacuum Suction Degassing (VSD)
method, was applied to decarburize molten iron to an ultra-low carbon concentration.
the inside of which was evacuated, was immersed into molten iron.

A porous oxide tube,
The initial carbon concentration was

varied between 110 and 30 ppm. The initial oxygen concentration was below 50 ppm. The experiments

were performed under Ar atmosphere (1.01X10° Pa).

The experimental temperature was 1853 K.

The VSD method can greatly increase the rate of decarburization of molten iron and the carbon
concentration decreases to a very low value of a few ppm. The rate of decarburization with an

Al;03-Si0; tube is higher than that with an Al,O; tube.

enhances the decarburization reaction.

Increase in gas permeability of a porous tube

The apparent rate constant of decarburization with evacuation

in the porous tube is about 10 times larger than that without evacuation.
Key words : vacuum degassing ; porous tube ; gas permeability ; solid oxide ; decarburization ; molten iron ;

ultra low carbon steel.
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Fig. 1. Illustration of principle of vacuum suction
degassing method.
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Fig. 2. Experimental apparatus.
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Table 1. Composition of porous immersion tube
and minimum pressures in tube.

P,y in air Ppin in melt AlyO3 SiO2

(Pa) (Pa) (%) (%)

VSD-(A)| (6.3~7.5)x10% | (0.8~1.1)x10? ~70 ~30

VSD-(B)| (1.3~2.0)x10* | (2.8~4.0)Xx10? ~84 ~16
VSD-(C)| (0.9~1.3)%10* | (1.6~2.0)x10% | >98.5 | 0.4~0.8
VSD-(D) 6.0x10° (1.2~2.0)x10% | >98.5 | 0.4~0.8

VSD-(E) 7.5X10% 1.1X10? 0.15 99.72

FHEREIE 1.01 X 10°5Pa & L7-.

BEWG|FA ZEE LCHlg 0 R E 2 H5h b,
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L, ZOLigxEZR Y FI28H L CHENLRIEICT 5
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R TEHOTRARCTHRGI LA L BERICRE L
KETKT LB EDLILEENOFER/NTENTH
B, HZER YT, BRPFREE 60 1/min, s BZEHE
6.7 X 10™ % Pa OIME#REZER > 7% Fv /.

KBTI, Ar-H, ROV 2AFHAT CEME: % AR
7%, BHPICLILEERIRIEL, 3510 Ar-Hy, 72 %
7 ALDREMITCHEET S, Z0fk, 2050
M2 % Ar iCO)IH#z, BELRE* 1853 K 127
BL, ZILEENTRIEC L. SIESHATEDNES
W75 o 12k, EEFOMBIKEIREDTTEDREI 25
LOEMEBWML, BRERLBAGL L. &b, K
DI, —EHOBRRERTIIEIVEEN %2 BT ICE T,
Ar BIBD B %475 72, BS54 BRI CHE 2mm O
FAEHOEFE LD 2 5 VR 2RI L, R®RE, BES
FrictL7:. S EBEREHEECL VT 2.

FEEREME LTIk, BRTLEMKEREIL 400g, &
RO MR TR L, KBS 0 EERIZ BV T 100 ppm
DT ot s &, WIERZRIEE X 50 ppm LLT &
L7z, ZALEE E#PIC 45mm BIEL, EBP 0%
FLEEANB/NEN P, in melt i Table 1 1277 L 7.
FEERIREIX 1853 K & L7,

4. RBERRUEZR

4-1 ZAHREEASBETICH I MEERE

A2 BT, BHOBRIE 7TV T Y FERF Tt
BHOF-IBHR A THESPRE L B 0TM LY & OO
WKLo THETTLILERLE. 22T, ROICEILE
H (A0, &) *#BEHPICREL, SNEZRTICET,
TNT L EERO B AT 2 BIREBER % Fig. 3 I3R

C O Tube Pressure
- (Pa)
o ® O — —
£100 A A vSD-C) 1.01X10°
g ® VSD—=(D) "
o,
(@)
£
&
w50
JA
?O v o Y O
1 |

]
0 20 40 60
Time (min)

Immersion tube : Al;03
Fig. 3. Changes in carbon and oxygen concentra-
tions with time.
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Immersion tube : Al,03-Si0,, SiO,
Fig. 4. Changes in carbon and oxygen concentra-
tions with time.
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Fig. 5. Changes in pressure in immersion tube
with time.
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Bz, BROENPAERGHIEMT A, %5, Pun
in air A/hE Wi e, ZToOFEHOBMIAS L, <K
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Fig. 6 (213, EBHOLIVEREEHNOBISRHR LR
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0D EOBWSOERBESRCELL Tz Thid, Bk
- SIERBEERECERL 72 CO BENICKG & 1,
BERTICXYRENFEEEREITIEICKDEER
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Whi Black
Alumina il Melt q1r

tube surface

Fig. 6. Illustration of inner surface of immersion
tube after experiment.
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Fig. 7. Effect of pressure in immersion tube on
decarburization rate.
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Pressure
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Fig. 8. Effect of pressure in immersion tube on
decarburization rate.
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Immersion tube : Al;03 and Al;,03-SiO;
Fig. 9. Effect of composition of immersion tube
on decarburization rate.
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BRI X 0 BBROBR % IKRE $ CfTH) 2 LT &
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4:2-3 HILEREE OBRILWHKOEE

LILEBEHEE & LT AlLOs B & AlLOs-~16%Si0,
ErHVIEEORRERO LB % Fig 9 ISR,
AlLO; BIZHE L T AlLOs-~16%Si0, & D342 ik
HERFEFEICRECIEDPESHLTHL. LA -T,
REEVBELLTVEILYE EE TG, BB
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CERDI LK, BEERIEAT S SIS, PR E
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Immersion tube : Al203-Si0;
Fig. 10. Effect of gas permeability
immersion tube on decarburization rate.
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R CHRMIIT) 20101k, FRBBUISTEL
&L, LrLREEL ST VB & L4 ILERES
FHWBLZLHPRUETHLI bbb,

4:3 HHPIID 1 REEER

ZILVEREEN T BIEIC L2 BR AR % 1 Rl
RICL DEHS 5. AFEBRICBVLCIE, FETHELRE
BEREFICERWEEZONRLOT, RRUTK D A9T
D1REEEER k& RDS.

—In([ppm C1/[ppm Clo)=k(A/ V)1 +-oeeoee (5)
ZIT, AGKIGTIEAE, V IESMEAE, ¢ R, R
RFORMAEERT. &b, k, ARSILERIESEA,
HONE-VAHER 2 ETRTORGREICD W T OB
W2 REEE, BULREETH 5.

Fig. 11 {243, AlLO; Ex H\vy, BAEIE L EED
BEOBREROMERE Eq. (5) ICX O BHLTRL
o, D720, §iH? 0503 ed 2 & AR E

2 ZILEEO N ABBILETER Y 710 LD HAKE O SILVEEN
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Pressure
S Tube (Pa)
mM — —_—
¢ 0¢ VSD-(C) 1.01X10°
8 VSD-(C) 1.60X10
3
€1
<
_2 f—
1 | |
0 1200 2400 3600
Time (s)
Immersion tube : Al203
Fig. 11. Relation between In ([ppm C]/

[ppm Clo) and time.

Pressure
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Immersion tube : Al;03-SiO;

Fig. 12. Relation between In ([ppm C]/
[ppm Clo) and time.

BOBEELFEEICRELE. MED, BERSBRLEDELED
E(A/V) BEEOHA L D 50%EMmL, B2ER51B
HAEONELES L THH. $72, FHROBRFERD
E(A/V) LT 2 L, ERWELEOHED k(A/V)
HhEPIKEVWDATHY, BRRICERESEDLL
DICHERNL BT TALENSH L EVDNL.
AlLO5-Si0, Ex AWV 2 AEOEBRERIC OV THH
K B %47\, Fig 12 (2R L7z, AlO3-SiO, EDY;
&, BROBRERE LR T AL, BRPFEDOL &I
B k(A/V) BETRKEVWI EXbR5E. ERITEED
BHEOK(A/V) IEEDOHEG LD S HIZ4EDEKRE
C, EHERITI T AREAEFICRE VI LHHSH

Table 2. Rate constants for various immersion
tubes.

Ppin E(A/V) | ke (A/V) | K (A/V) k,
Tube in melt (x10%) (x10%) (x10%) (X10%)
(Pa) (s7hH (s (s™h) (em/s)
VSD-(C) | 1.01x10° 3.54 .3 0.240 0.71

3.30

2.0%10% 5.22 3.35 1.870 5.40
1.01x10° 3.99 3.34 0.650 1.84
3.0X10% | 17.95 3.30 14.65 42.4
3.0%x10% 16.70 3.33 13.40 3

VSD-(B)
VSD-(B)

Thh. $72, Fig 12 1 2BVWTERNEBTECLHE
DERORE NI KFZRE ([ppm Clo = 102, 32) 2
Lo TELEY, 20EBEZTLV. B, BH?Y
1200s LETHEBRERIER»STREH, hid
HFEIBEE A 10 ppm ([ppm Clo =32 ® & %{Jix 6 ppm)
DTFIcZYy, FERFEEFERTERCRABI LK

BHEEZOLND.

S X2, B O MgO A2 F-BHRH (B L UE
$ERMm) B ABREEOENELHY, SILERE
BRI BT AHBREE L MgO- BTl (BHkKE %
EU) ICBILBHRBED ML KADL., BOBODK
JCREICBITHHENTDO 1 REEERE ZNEN &y, k.
BXUOREREY A, A X DERT L, BRI XY
SUR SIS Y (-9

E(A/V)=k (A/V)+ ko (A V) rrreremmmeens (6)
EXOBDOE 2 I, FBOKREEERT 5.

Fig. 11, 12 (2[R L 2 BRI VKO- kK (A/V),
k. (A/V), k,(A/V) BLU k, %% LT Table 2
WRT. ALO; H B L U AlLO5-Si0, EOWFNRY, &
WA BEDHED k&, BEDOHEIZHEL TH 1A
KEWV., 7, AlLO;-SiO, BD k, 13 AlLO; HD k, I
HELTIEFIIREWI ENFHEL2THS.

4-4 BiRRIGHRE

FERERILS (MxOy) 12X B ESRO B K OREIE G
HARTEEND,

y_Q+MX0y=yC0(g)+xM ..................... (7)
(7)RXoBIEDE, 2XOEBELD 25,

(a) % 2 F-IEE TR B 5 ERILY O FEBESOC

Mx0y=xM*+yQ* ....... B PR TN (8)

(b) 8D AR (M*, OF) DBEHIP~OWHE
&)

(e) ISk RED B OIT-BHRFRE~OWEBE

(d) B2 F-EHRMEIC BT 5 CO i

(e)ER L7z CO* OB Z-HERE» 5 OWERE)
SCT, BE ok EAOIF-ESREEERT.
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B2 ICBWT, 22 THB MgO, AlL,O; % &
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DR FEIEEEAS 100 ppm PLEIZB W TIE, BiREE I,
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OYVERENEIE 4 TSR EREITH) LA TER
Mofel®, FhPREEEEO—>THE0E ) M
WTIEABHETH - 7.

DEIZ, BEZEWE B A X B BB RO
PRET A, RERICBVTY, BREEFSILERE
HOBALIAB IR CRIET B 2 L0, B OFEE
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RIEEANET OB EErEVOIE, CO DY
BB P HEEBB DD L 5 TWVDHI EILKD LHEE
ENG. F7, REICKDEHROBIRELD D2 D IER
W Ehh, BHETOMERELFERREO—D Lk
TWAHI R D 5.

PlEXy, BEZes |7 A o Bk e o # # B R 5
5 (a)~(e) DWTFNROLBEMNT A L dBBFHTIEITS
v, LD 5T, BRNGOBEREORBIISHEZD
MEELTHREA TV,

4-5 KEAOERAIICHTHRE

AEBRCHEHELALLILEEO P T, VSD-(B) &
(Al,O3-~16% Si0,) DA DT D 1 KKK T k, Ak
bR E <, 0.00424 em/s Th - 7o, BEAKRFEFOWE,
W BRI K 0.02~0.04 em/s 128D & %
ZoNblcw, REBORKO k, O HEAIMESLE
BEOEEDR 1/5~1/10 LHEEE NS,

L7225 C, BZRWE |y Ak EBICEAT 554,
Hd i SR BE & R B R B DG S O EEIE DA T
WX, SHICHEMLBIRSTETHD., 20720
W2, A0 1 REEERERELTHLEFHD,
OBl THEXHG LR TVEME £ CEH L, L
b, QFZA0OEBMED L, LILVEMEZRIRL 200
niEzszw. QkowTid, KEBRTIRFE LT
Al,O3-0~30% SiO, ICD W THRFI L72DATH S, &
52, SIO, BMEXE<T50, LB LT

WESY, 72 & 21 MnO, Cry0;, Fe,05, NiO 7% & % i
MTBIELREDANTOILREEEH k, 2 RS €
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