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Charactristics of Post-combustion and Heat Transfer into
the Wall in a Test Decarburization Furnace
Synopsis :

Charactristics of post-combustion and heat transfer both into the iron bath and into the furnace wall dur-
ing the decarburization were studied using a 10 T ladle-type test furnace.

From the results of heat balances, 1t was made clear that about 20~30% of the heat of CO to CO5 com-
bustion was not efficient for heating the bath and results in raising the exhaust gas temperature.

The amount of heat transfered into the wall from the high temperature gas was estimated both by the
measurement of refractory temperature and by the mathematical calculations. As for the obvious increase in
the transfered heat at higher post-combustion ratio, the observed value coincided well with calculated one.
Key words : steelmaking ; decarburization; post-combustion ; heat balance.
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Fig. 1. Position of the thermo-couples in the free-board
lining.
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Fig. 2. Relation among ox&gen consumption, = A{C] and
temperature rise (ZAT) during blowing.



656

g% & @ % 73 4 (1987) £ 6 &

90

80~

701

Mo, -¢ (%)

601~

T T T Al

03-~holes nozzle
o7 v ”

[ Do

®© =1

=21
T T

AT 2LC) (C/%)
2
T

L !
1000 1500
Lance height h (mm)

2000

Fig. 3. Effect of lance height on 7¢,-c and AT'/A[C].

50 T T
| 08-holes nozzle| |
\e o0 o7 v V4
401 O. ' N
I '\ 1
Q oa
_80F %, 5300 -
S OBO\Q‘
3 | e |
8 D\
S (o]
m2% Ag —
€N\ o
o\ o {
0%
101 \\ T
o
L % g
0 ! | 1 1
60 70 80 90
Mo, (%)

BEOEHESEIAFTL 1% UUTFTHO2, £/, 29
FBLXUOT A MFOBILBOERICEb N -BEOE A
BBBLZF 10+3% T, b— FEOEE LB S
V., Lo Tk~ FEOBEFERNOERZ, £ LTF
P CO H A D REKBEE Reo, DELIDBHDEEZD
N5, KBS, WEPEEMHE THTE L7 Reo, & no,—c
DORIZiX, Fig 41RT X ICIBIZRFHIE LB O
BRSO BT ZOREE LT po,—c PMEVIZE
Rco, "8 <, AT'/AIC] #%&< % %. Fig. 5K T
X I, 70,—C & AT'/AIC] EDBIZH Bwatin
BHEHY, F—7DELD X IZHEH/NE 2D
3-2 BIE B KOIFEER A RIRE R
F22HMICTRLAEREETE e — oW EINE,
W DRHE ZAT2 72, ZRERBEE Reo, DIRWIEE LS
WA T, BELGOHEMLZZES — k2R, B
1t Z7:0 DA HBEDOTFIHE LR L 2KE % Table
LICRY. ABEBOLE»SBE, 2727, ¥2 05
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Table 1. Comparison of the heat balances under low and
Fig. 4. Relation between 7o,-c and post-combustion ratio high post-combustion ratio.
(RCOZ) . @ Low post- High post-
combustion ratio combustion ratio
n= n=
: : (Rco,)av.=16.5% | (Rco,)av.=32.8%
T T T T T T
200 08-holes nozzle 5[1])1”: heat] X103 kcal/T. S X108 kecal/T. S
Heat content of 289.01 292.02
~ 7 7 ” hot metal : '
N @ Oxidation of C 132.23 159.81
X180 7 ® Oxidation of Si 0.07 0.83
g @ Oxidation of Mn 0.72 0.40
— ®) Oxidation of P 0.10 0.02
1601 - ® Oxidation of Fe 27.21 23.87
N
N Total 449.34 476.95
& - .
< 140 [Out put heat] %10 keal/T. S X10° keal/T. S
Heat content of steel 346.44 351.77
| | | (2 Heat content of slag 4.06 4.56
12050 : 80 7|0 . 30 ! 30 -+ 100 (3 Heat content of fume 8.23. 7.25
8ecomposit1’on of ore 28.41 47.64
n, - 9 ross heat loss
0,-¢ (%) (ALL) g% 62.20 65.73
Fig. 5. Relation between oxygen efficiency (7 ¢,-c) and Total 449.34 476.95

AT’/AIC].

* (H L) = (Heat content of gas)+ (Heat loss)
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Fig. 6. Relation between the heat of post-combustion.
(Q,, .) and gross heat loss (H. L).
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. Fig. 7. Temperature change of the free-board refractory
during blowing.
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Q=Q.+ Q’r,1+ Qr,z .............................. (9)

Qe=Hf' (Tg—Ti) .............................. (10)

H;=0.23- (k,/2R;) - 2RsP, /1) "3
(Pg'/"g/kg)OA .................................... (11)

Qr, 1= 4.88'€m'

[ ( Ts'l‘:)0273 )‘ _ ( T ;)0273 )4} ............ 12)
Qr. . =4.88 s Fy+
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- = g
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En XDV TIERIEHN COREFED 12 L2,

K=K c+ Kg'Pcoz .............................. (15)
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Thiy (14) X0 K- 11340 ET, €, 1 1.0 137
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5 DEESHEEIER L /.

DEN, PEAAHZEEEEY LR B & E0REEIC
BT AEEEFVEER L. S0, Hir2id
AZFRELERE, BEHMIER Ve L,

B dh B TIEREIEE S N BB ST 2 BEEL AN
LI HERET AL
‘H'Riz' U Py Cp (dTg/dh) =2TR;* Qe (16)

V&M, h=0 T T,=T,, T 5.

AR E QEHETS (9)~(13) BIUFEEDIREE
SAiERETA (8) REFFEVLLUEL LY, 17
BEE S HIMTOEEE B X UHEY 2 OBRELAL % R
FHET AL TEL, EBOFHEEIESHERNICESR
M 2T, BEETE L 7.

4-2 THRPAEBREOHTE

4-2-1 HUERE XY

B, 79 —K— FORKYOREE B X OEEGETHEIC
R L7238l % Table 21”7, BUSRREGFEO D
DRWE, FWHLEZONADBOEAFTIEREIILDT
Wh, ZhHoPTEEE BV, RIETNOR LETEEICX
2T, B KY~DEHE L HEREH» S OBHEY
FHE L 7. WRERBAIERE O XY O IRE S A 1L, A% HL
FICEALTHLOREET 4R % F T2 30 min FE OFF
LEEA S Y, BHRRES CHROEFECHEET
HIENTESL., F7:, FREIICOWTIE, FHER
TR FAME X ) REEBIGRE O REE S % e L 7.

KEHERG 2 PR SE C O IRSRBALGRE, WRERHE T O Sk
BEIOWXXWEES AR O EM#Y Fig. 8I2RT. %
7z, HHICEREO P L LB OEE R Lz, —fEBT L

T T T T T T

15001\ ———Calculated 4
\\ @ @ Measured
\\
AN
NN
1000+ \\ AN at the end ]

N of blowing
N </
\\\\
500} P
at the start ~xa
of blowing

Temperature of refractory(C)

0

L 1 i L 1 L
0 50 100 150 200 250 300
Distance from the inner surface (mm)

Fig. 8. Temperature profiles of ladle refractory lining.
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ATT 9 Ya, ATFDT+—IVIRECKY, BiE
RO ABBEII LD TS LIRE LT, WAkI~D
EHELEIR L. ZOKBR, ARBROBESME T
MEEToOmREEF OEHEIX 170~ 230 X 10 keal/heat
DHEHHPHIZ AL DD EHEE SN, —T, BEH»S O
HMEOHEMIZ 5~8X10%keal/heat E/h& v, /728
i THRIEDBREZHIE L TV BT, TERBRERDE
W2 X B HSRET K~ OBEBREOEI/NSVEEZE I LR
5.

4-2-2 7Y —XK— Fiitk¥

7 1) — K= FiF KB ORESM I Fig. 70X %E
B S B %, WELFORKEVHNER?S 25mm
TOREESHVOT, FHEME EMHEE RIS DET
BEEYHE L. EHEO-OWREERICHEY VBRI E
IELBWEIREL, Th X9 2A—5—E LT, (8)~
(13) KDORfRL SREWK TE: (¢=18 min) DM AP D
BRESMAEZEE LEREY Fig. 9WRY. &I/ 2
BLUO - 208 E e, 70.5 &£ 1.0 DFHEICD
WTATY, ERENERE, EMRTRLA. T AR
BWIBEWZEOEI/NE WA, T G KAE T o

Table 2. Numerical values of thermal properties used for the heat transfer calculations.
. Thickness Density Heat capacity Heat conductivity
Material
e (mm) (10% ke/m®) (keal/kg- °C) (keal/m-h*C)

(inside) Chrome-mangnesia & MgO-C 100 3.0 0.28 4.5
Zirconia 60 3.62 0.17 0.9
Ladle lining (bricks) Magnesia 130 2.75 0.26 3.3
Silica 30 1.25 0.25 0.4
(outside) Steel shell 25 7.8 0.12 43.0
. Castable high-alumina 120 2.85 0.20~0.26 2.3
Free-board lining Steel shell 25 7.8 0.12 4300
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Fig. 9. Measured and calculated temperature profiles in
the free-board refractory lining at the end of blowing.
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T 1 T 1
‘é 301~ .
N rd
= ~"0
S o7
by ~"0°
2 20+ Pree 7
~/ -
S — o
; - “——Calculated
C‘; €.=05 O Measured
10 1 L L |
0 10 20 30 40 50
Reo, %)

Fig. 11. Increase of the input heat the free-board refrac-
tory (Qpp, i) due to post-combustion.
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