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The Transfer of Carbon from a Gas Phase to Molten Iron

Nobuo TSUCHIYA, Masanori TOKUDA, and Masayasu OHTANI

Synopsis:

As one of a series of experimental studies designed to establish the mechanism of Si transfer in the blast
furnace, carburization of iron and iron-sulfur melts by CO gas has been carried out in the temperature range

from 1570 to 1720°C.

It was observed that the rate of carburization becomes larger as the temperature lower.

The mechanism of carbon transfer has been proposed and the adsorption phenomena, an apparent acti-
vation energy for the reaction 2CO(g)— C +CO;(g), and the effect of mass transfer in gas-liquid boundary
layer have been considered both experimentally and theoretically. From this study, it is concluded that
the carbon transfer from gas phase to molten iron may have minor contribution to the carburization in the

blast furnace. :
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Fig. 1. Experimental apparatus.’
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Fig. 2. The variation of carbon content
in metal with time (Pco=1 atm).
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Fig. 3. The effect of Pco on carburlzatlon
rate (1570°C).

Table 1. Initial rate of carburization,
V &(%/ min) X 102

Pco (atm) ]
1:00 | 075 | 050 | 0-25
Temp. (°C)

1.570 2:00 1-35 0-80 0-40
1615 1:70 — 0-75 0-35
. 1670 1-50 — 0-70 0-30

1720 1-40
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Fig. 4. The effect of Pgo on the initial
rate of carburization (1570°C).
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Table 2. The value of Pco,.

Temp. (°C) Pco,
1570 7 4-91% 10-5
1615 | 3-68 x 10-5
1 670 2-70% 10-5

1720 , 2-08 % 10-3

Table 3. Rate constants, ky and £,.

Temp. (°C) k;(%/ min-atm) &;(%,/ min)
1570 2:0x10-2  6:6x109
1615 1-7x10-2 |  8-4x1(3
1670 1-5%10-2 |  1-2%10¢
1720 L4x10-2 | 1:5x 104

U7 hiEe S (Fig. 4).
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Fig. 6. The variation of carbon content in
the metal (calculated and expt.).
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Fig. 7. The effect of sulphur in the metal
on carburization rate (1570°C).

Table 4. The effect of S content on the initial
rate of carburization, &'yx 102

— %3
T 0 0-22 0:62
Temp (°C) \
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Fig. 8. The effect of sulphur content in the
metal on apparent rate constant.
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Table 5. The value of adsorption equilibrium
constant, Ks.
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ZZic A4 BFER, R EKHETEHT 82 1cms atm/g-
mol-°K, Pco 13Kk 2D CO 4/E, Peos 1X
HETD CO HEEEHLT . REHIIC vt Pco,s
=0l RFBPLRIEHID CO 0735 v s 2 Ve, ix
46) XTExBh5.

k

1570°C, Pco=1latm TEE L7z V3 13 1°25x 10-4
g-mol/sec-cm? C—HEE» 53k D b F—& 4o
V3o & 6:37X10-7g- mol/sec-em? TH 5. & 2 o175}
Bltr b EREC S W TA-BEREND WEBE DI

Veo= Ceeree e (46)
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Table 6. Theoretical and experimental values of
the decarburization rate (1 570°C)
(g-mol/sec- cm?).

%G Theoretical i Experimental
0-2 . 2:3x10-¢ | 2-5x10-s
05 4-5x10-7 | 1'5x 10-7
10 o 1-2x10-7

5:0x10-7

PUIeiEioh AL 5> 2BE L FiEcsh 3.

—F, TDT L% 1570°C T T A AEE 10cm
/sec, 18cm/sec ¥ U 25em/sec & LT ERMMICERET
L7z, #FOHE, 60 S5k 5iagkdikEX 0071,
071l X0 072% Taop27. Lich2T, BRRED
AR FE T B\ TiE S-SR A B N O WEBENTICIK
HOFTEREFTIER2>TWILWERRTE 5.

DERHRISICOWTE LB E, CO;, DT T v I R
W,

k
Veo, =g A(Poos,s= Po ) wireweeseee (47)

THRbHENS. ZZIC Pco,s BRETH CO; D5 IE,
Pco, iEKFR/S)w 2 D CO, D5 FER KT . Peogs 1
BHHRORELTFWTLHETH S LEETIE, ek
W 1570°C itk WT %C =02, 0°5 X0 1-0 ic#f
W% Pooy,s EANER 1'82x10-2, 3-6x10-3 3
XX 9'6x10-4atm TH5B. ZHHD{EL kc=19cm/
sec & (47) MITRRA LTHE LI B PR UG ERE & EE
2 B8 LIRS EE &% Table 6 i —FRL7c.
Table 6 »LRA-WEEFEAD CO: BEIOHHIT I
REISOBBIZI VLT LA TE LW E3by
5. :
4-4 BHEAPORZOLBIBROFTEICONT

Z TSP T OREOTEHAR D I~ DT &
RET 5. COESEEREEO K EIREL Boudouard
EHEL TV AN R EEMLTW5H 7D, FafiEfFE
TELTWS LINE L, BERIBERO R RIRE ORHZ
{bx (48) RTHET 5. EBER 1570°C &7 3.

C—Co 2 ( Dt\/2
C—Co \x)

zzic Cix ¢t BB OBRSKBEEDORERE, Cs 13X
VSRR OREIRET 53%, Co 1X t=0 itk F 5
SBEmMDEERE, | WAKkEm SEE % TOHERE
© 0'5cm, D WBEEOIRERHT 6X10-5cm?/sec &
T5%. Co=0% & L t=3600sec(lbr) 0 C #5E T
HE 5049 Lins. L LEEREE ~07% CTh D
B NP RREE & U7 IR ERERTE D IR BN ASK T FREk§

e (48)

-5 A R
700 ! 000 i 500

7 (°c)

Fig. 12. The evaluation of Pcg, by cocentration

cell: Pt|Fe/FeO|CaO-ZrQ, CO/CO, Pt.

HHENRRR G A RELTVWE EEZDLZERETER
V. .
4.5 BHEANBATEIHAOBEFEICDNVT

AEBRIT B W OIRSEMICEA LT RXT T 7 7 4
FLE AR T Boudouard e ELTW5S EIREL
T&E/

C(s) +CO,(g) =22CO(g) S (49)

ZOEESBREN TV D »E» & HERT 5 BTLL
ToOEBRER{Tlhok. Thbb, D2FCRTRERKE
Ev, 1100°C oEEEcH 2R EEns CO;
SR BISE L. |

Pt|Fe/FeQ|CaQ-ZrO,| CO/CO; | Pt

FEHIE & BIEEE Fig. 12 R+ L5 X< —%L<T
W, EIRTOERDPIER CEEETH D 7o EfllfEH
BIHS,  HERRIE T B CEHEE & ERES X <
—FHTHEn5, BEBKIEVWTD LEOERES R
ERTVWSEEIFTES. Lo, ERSEEER A
DX Poor DIEVPAIT BB DTWBEDT, TOHEX
DI IR T DL ERH A 5.

46 BIFALCHITIBRERIGICDONT

BRI 3T 5 BUR G OFEMIC D W T BB ST s
WCH LTI TWiv. L L, HBREFEN» S
RENFBBHT X B £ #y 1300°C DIREFERIC I C
¥ 3% DERFBEHPEBHRPLEEN TV D Z LHBHESH
TW5W, ZDEEL S ECEHFERTORRIS DV
TETEETS.

%7, 1500°C DL EDOBRRISICDWTIE, AEBRR
ROLGHLA X 5w (Fig.2), §TCCRRE LABGHD
CO XD —RBoPRZERBOEMEEELTHIZE
AEBIFTE v M, BERERARREBC I DBRRR
JEREDLDHTEWZ LITATHP W<t TH 5.

HEZERIR o 1300°C §i% o sk T O W iR LG EEE

e
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(19 Rick DEHETES. ZoORETHRSERIRE
B ebitiE 3% DREEXEATWIRITIIER B
V.o L7eAioT, FHEO EEE LT, BT T

39% ORENGENTVWDELT €=03, %7/,
DERBHER TD Peo, RHEBRPFONREEE Y > 7T
X OTHE LFER» S 10-2atm & LW, Pco i latm
LT 5. L EDEETI T BB REEX ne=—185x
10-4g- mol/cm?-sec k75 Y, RIS TRR < PR
JERNETTAEMTed S LiERShS. Z OIREEREE

TR RSB ETT 510VE Peo,= 10— tatm (Pco = latm)
BETARINER SR V. Ik, @c=03 :TMHT5
Pco, V3 1300°C 1z T 1:05X10-3atm (Pco= latm)
TdH 5.

IOXSEEFNO 1300°C BEOEREERICES Y
T CO I X BRRNIGOAREMEXE <, LA CO;
CEABMREIGOMAE®SH DT 2 rb 5T, BREK
VIRRAERF LTV, ZOMEBdiEek s BARREORE
fihic X AR EAERCETTHLTHDEHFLH
n5.

Blbd X S wEFNOBREIGEESE UTHEsk & Bk
REFEOEMIC X2 TfT b, CO X DR RRIGIEE
LAETFEbhTWwWihwEEmIhb.

BtBic, VVa—var s v ARIGHIAE DS
WT COp THEIND DREMKRFELT TS, Iﬁﬁk
HORBELERTDLERDS .

5. %%

S #&EFWViIEEkE S ELESHo CO FRiLk
éwﬁﬁﬁﬁWfIWWC#%lﬂWCKmHTW%
L7fER, AT ofime
(1) wWﬁm@EmmE#@w@Eﬁ%<&é-wﬁ

RISTERE DR IRE T 5 7o i3 agkERm~0 CO

DEFERHE L FThiE e Slev. ZoRIESE2ET

AR O WBUR UG EE OBlEw X ) —BRAREIC Shi.
(2) FEBEETRRIWIR -RERBRNOWESE)

X HIEPIRREOWIRE TRERTES. BRKK

GOHEBMIASEmICEIE L CO DN IG

THDH.

(3) B> L/ LNIRIREUS OB OiEMILT &
X =R IERIGIT 2T —19 keal/ mol, RS
DV 4l kcal/ mol TH 5.

(4) BYFRNOBRRIGEESE UTHEEkE BRIKEORE

i

ik CiT bt s

AfEE DT H - AR ETRE LW W
KRETEMEEIE R EHEL, JIRREEIZERT
FIERE R B I E R DO A B/ TE 2 hb
DR = FRE D, R Hasker 410 iE# O
BaRT.
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