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Improvement of the Heat Balance in Combined Blowing
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Synopsis :

Tests of post combustion of CO gas in 15 t pilot converter and 160 t and 250 t commercial combined
blowing converter were carried out for aiming to improve heat balance.
And also coal injection test through top lance with post combustion system was carried out in 15 t pilot

converter with bottom gas stirring.
Following results were obtained.

(1) The optimum amount of oxygen for post combustion was about 20%, of total oxygen rate, and the
jet angle of 30~35° was desirable for obtaining the good condition of post combustion.

(2) The heat transfer efficiency of post combustion to metal bath was 70 to 100%.

Accordingly around 109, increase of scrap ratio was obtained.

(3) In the case of blasting of pulverized coal on metal surface, the heat transfer was nearly equal to
the theoretical value and the scrap ratio increased in proportion to the amount of coal added.
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Table 1. Experimental conditions.

Process STB-PC TAPS
Furnace 15t STB 160t STB 250t STB 15t STB
Two-independent- Two-independent- Two-independent- | Three-independent-
Type
flow lance flow lance flow lance flow lance
Main 2000~2 800 Nm?3h | 15000~25000 Nm?h | 40 000~ 45000 Nm?¥/h 2000 Nm?%h
Oyflow rate: Fog
P.C. 0~800 Nm?¥%h 2500~3000 Nm?¥h 9 000~12000 Nm3/h 800 Nm?/ h
Main 14 mmg X 3 holes 42 mm¢x 3 holes 46 mm¢ X 4 holes 14 mm¢ X 3 holes
Lance Nozzle dia. 8.9~12. 6 mm¢px
configura- P.C. 6 holes or t=5mm | 15 mm¢x6holes 25 mm¢ X 4 holes 12, 6 mm¢ X 6 holes
tion annular slit
Coal injection P — e 16 mm¢ X 1 hole
Angle 20~30° 30~35° 30° 30°
P.C. jet
Speed* 300~600 Nm/s 690~830 Nm/s 1275~ 1680 Nm/s 300 Nm/s
Lance height 1.0~L5m 2.5~3.0m 2.5~3.0m 1.5m
Botiom blown gas: Ar, N, 60~340 Nm?/h 430~540 Nm?%h 860 Nm%h 80~140 Nm3/h
Added coal —_— —_— —— 0~469 kg

Exaust gas system Gas recovery

W .B.type half boiler Gas recovery Gas recovery

Fg, of P.C./Nozzle Area of P.C.

Table 2. Standard conditions for adjustment of
obtained data.

Metal Slag
Chemical
~ A[A
composition (%) | 1.0 (C T.Fe (%)] Basicity
C |si|Mn] P
Hot
° 4.5 10.4]0.25/0.150( 1250 — —
metal
Molten | el _ 1608|0015 18650 12 3
steel

Ws % kD 5Hic %izoTit 15t STB Fo HH,
Table 2 DEERELM L FREDEXFHIET 5 (3)AEH
R Al
s =15.23 (4Si,— 4Si) +7.61 (4C,— 4C)

+4.9(AMny— 4Mn) + 24.56 (4P, — 4P)

+3.36(A4Fe,— AFe)

$0.47TW g3 (1250 — T gy py) x 10-3

10.61-Wgppe(Tsreer—1650) x 10-3

+W ari0y+ Wan (Q ac—2x10%) x 10-3/342

+0.6(Wrime—Ws)
moC 48 BT v A X bRk Si BLEke),
LUFREE LTk, 4C ik C Bfbg (kg), 4Mn ik
Mn B8 (kg), 4P iz P BftE (kg), 4Fe (3 Fe
itE (kg) THH, HF 02 Table 2 DFERELH L

DB~ Z v AR TCERLR BEYET. 1 Wsiea
BRETO BEEE (ke), Waue BFARAGEREK
FE (kg), Wiime GEALAKEER (kg), Ws 11E
HE3SOL 20 FEERKKAER kg), Tan FE
glRE (°C), Tsiee BRETOBMEBE (°C), Qe
TEWEBEE T ADEHIRE (kcal/t-HM) TH%.

R (3)RAEUDBRBBCOVTUL, A7 Ty 7O
4 8% 342 kcal/kg-scrap & LTKBERD X 5z LT3R
. ETETE—FEHD 15.23 2235 70 Ca0/Si0,
=3 —FLLTD S Offb: 25 FERBEEEL T
BH L. &k 7.61 (2FRTO BE 7 AHREY i
CO 709, CO, 20%, N, 109 L L, ¥ ADB A5y
AMBHELE. EIELLESHORBEIELDOROD
A OEEL R EED b B BH Lic. S 6IHD 0.47
11 1250°C DA I LicD T, ZOEE TOHHK
OHEGHIHE L. RBRCHEREE OB EIR 1650°C
A LT 0.61 & L7 EREHAOHHEEDR N,
# A 100 Nm?/h ¢ 2l min EFFERBLYEBECL T
hA 2x10%kcal/T. HM kL. BEEHD 0.6 134HA
JK D% #EE (kg-scrap/kg-lime) OREETH 5.

3-2 AR 2XBEER

3.2.1 15t STB {Fic k % KRB

(1) 5vAEBEOHE

Fig. 4 wirTékh e O, iBEL—EL LA,
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Fig. 4. Relation between scrap ratio and outer
jet angle 8, or 8,.
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Fig. 5. Relation between scrap ratio and energy
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Fig. 7 oRpic p=100% 0L xn A7 5, T b8y
2t CO,/(CO,+CO) L OBt R THME R TH,
HEAEL 7=100% OFBILL—HL TS, D
Emb, 15t L 5 RRI O TIE, $FP 2 tkBREE
X ABHEAOBMIMAED TEVIRTITbh DI &
AHRR L 7.

3.2.2 160t STB fFic & % EHHEHRR

(1) EBGHE

Fig. 8 \&inT X 51 Fo,-pc/Fo,-1or. =11% D%
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DFERTE 1.

(2) 2%MBEA O, Mgt & FBHR
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20
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Fig. 8. Thermal recovery effect of postcom-
bustion in 160 t-STB converter.
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S A VI BET VAL AL L RHD 5 v A% A
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DT, AZ T, FHEAMIEVES 1 ~3% ThH
H. Tz Ly Table 1 &, 5 v A7 X
HTD O, ¥ay MEGEES MATSE, 2 RRBER
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Fig. 9. Relation between increase of scrap ratio
and Fo,-pc/Fo,-Tot.-
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Fig. 10. Effect of postcombustion on (T.Fe) in
slag.
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Fig. 11. Effect of postcombustion on (Fe3*) in
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Fig. 13. Effect of (Fes+*) in slag on (P)/[P].
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DEEERT v~ v AN (F—» (T. Fe) THOT
4, Fes+/Fez+ s EH) +HDBIAMREINRD D
DEREZIND.

(5) 2WBRBEC KT D H A-RA T ISHOVE
571 L g FeO-Fey0,-S10,-CaO-MgO FRic ks
AR AT s Fedt/Ferr P lBMRERTE L DN
FRIIEKAZ L REINB.

log (Fet+/Fez+) =6625/T—2.77+0.25 log Po,

+(RTIn ypeo—RT In 1 geo, ;) /4.575T---(6)

%72, Pco,/Pco & Po, LD BRI KA I D mSh
5.

log (Pco,/Pco) =0.5log Po,+ 14752/ T —4.54

WEBH STB & 2 RIRBEEAOHE R T, K (6),
(TYEFAWTAT 7OBERT v 1 (Feit/Ferr o
A5 FHWE) DX bROIEHEOBEIEL, B
7 A (Pco,/Pco) X D& (7)1 bROLKAHDE
FOE L OB RFT 2. #R% Table 3 wrRd. &
b, AS ZEEHETH[/MEOBELS LS ADHEED
LRDICMBESECHETED TECZ &b 5S. L
72030 T, AT 7D (Fed+) ooiEEOMBID % &
LTh, #A-AF 7RETD Po, 13F L EEL L&
Bl T 5 & Ebh, SHOFH 2 RIKREEDE BRI O
RERC B e T, HA-A T ZRETOFETIMZ T,
F OB NFNREI D DETH 5.

(6) FhHhERCE2LLIPE

Fig. 14 1w x5 7/~ MgO #mHiE L MgO #A
B oBGRYRT. KX b SEoRBEG (80 heats)
A 2 RIRBEDFARBIBIC K L IFTE LVERELR
CHER I g oic.
3-3 15¢ STB ¥F(C () 3 EHLRIMARR

3.3.1 2735, 7HECEXLHRE

REACHE L - REEWEMR L Table 4 wRd. &

Table 3. Calculation of gas-slag equilibrium
(160t STB-PC).

Based on
Based on slag exhaust gas

Fe¥ /Fe? | Poy(atm) | Pcog/ Pco | Pos (atm) Pcos/Pco

STB 0. 19* 2.1x1078 1.8 2.5%107*| 0.063*

STB-PC | 0.41* 5.6x 108 9.4 7.7%x107%| 0.11*

* QObserved value
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%)
Table 4. Properties of feed coals. .

14

1.6

Proximate analysis
(%)

Absolute analysis

(d.a.f. %)

1.2
Oxygen

Consumption Rate

C H O N S
887565 |28 (2109

Coal IM | Ash V.M—[ S
Coal-1| 2.9 9.6 34.?0.8

Char 4.8 | 1.8 5.3 10.23 |94.5| 1.1 | 3.6 | 0.6 | 0.25

> Coal-1 (2IEKREMF R, Char IBWRF + —TH
5. SRR R 7 ALk (CGSEE) 999 e b o TAPS 3
R OCTRERIKD (8)Xn b (1) RTHRIh B,
Coal C. (n/m)H—C+ (n/2m)H,
— AHe= —400k J kg =" vevereeenenns (8)
C—1C] “AHgos-: —25 kj mol -1
[C]+0.50,—CO — 4H3y = + 136 k J mol -1

[C]1+0,—»CO,— 4H3, = +419kJ mol -1 ...... (11)
CO,+ [C1->2CO — 4Hg,e = — 148 k J mol -1 --- (12)
[C1+H,0-CO+H,—4H,;= — 106 k] mol -!

Table 4 XU (8)~(14) X OB LARFREWE
1t Miehorr 5, 7EREREL O, R (O, AR/
2RBBER L DL &0 O, ERE) L OBfh% Fig. 15
iRt fods, HEr ABEENL T AL O Ty AR EE
x 1600°C & LT, Henw AME, BEr AELBRD
fo. —HPEBEE BEEED 1.5°C/min & K%
EHADEIEEY EELCHE LK. Fig. 16 iz
Fig. 15 X b, O, Bt =1.2 0HER 27 5, F7ERE
POBEH UL HEAY 5, L EREEL O Wiy R
T N REME LTHVR, BERBRER X AL LD
2HRBBED L R LT — 2 o\\Tik, TAPS 5
VAR IDBLDEAVTWA, Fig. 16 i hidxz s

18

(Oxygen Consumption / Ideal Oxygen Demand)

Fig.

ity and oxygen consumption rate.

15. Relations between scrap-melting capac-
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Fig. 16. Relation between scrap ratio and
amount of additional coal.

y THERRKREALE L OMICIZBWHEEEN S D, 5
BEIIIZE-HLTVS. BRF -+ — 0kg/t BEOK
EART, FHN2KREET v e A HRTH 104 DA
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Fig. 17 R AR EAZFDHEH g CO,/CO 7
RELEEE & o Bfk%, STB-PC, AR » = 1Lk
(CGS HV L AR LTRT. M b, TAPS kit
BARKEALFOHEH Ap CO,/CO 11 R XA
Lo STB-PC 1w~ 0.15 £, CGS » zftre
HART 0.24 BAMEL oo T B, ¥4 1~2.5t/h o
HECTRARBREEOREYZ T vt CO,/CO 2
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Fig. 17. Relation between off-gas composition
during blowing coal and coal feed rate.

5000

4000 ~

<\\Z\\ )
° -
3000 o. ®

2000} coal

1000

OlCoal-1 (pulverized)
® | Char (pulverized)

(o] 1 L 1 L 1 L 1 L :
(e} 10 20

Coal Blowing Time {min.)

Scrap-melting Capacity of Coal (kg-scrop/t-coal)

Fig. 18. Relation between scrap-melting capacity
of coal and coal blowing time.
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