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Quantitative Understanding of Decarburization Rate in Bottom Blowing
Converter by Waste Gas Analysis and Its Application to End Point Control
and Waste Gas Recovery

Nagayasu BESSHO, Shuji TAKEUCHI, Tetsuya Fuill,
Kyoji NAKANISHI, Hajime BADA and Jun MORI

Synopsis :

The decarburization rate in the 230t bottom blowing converter was studied by using a mass spectrometer
in order to predict the final carbon content in the bath and to achieve an efficient recovery of the off-gas.

The followings are the major remarks obtained :

(1) The fraction of oxygen which reacts with carbon in the bath (7) depends on the silicon content in the

steel.

The value of 7 keeps 100% during the decarburization period, but begins to decrease at the final

stage of blowing, and indicates about 15% at the carbon content of 0.045%.

(2) When the iron ore reacts with carbon in the bath, time lag is observed, but the decarburization effi-
ciency of oxygen in iron ore is the same as that of the oxygen gas blown.

(3) Using the waste gas analysis system, the end point carbon was predicted within the accuracy of +

0.018%.

(4) The volume and compositions of waste gas evolved from the bath can be predicted with the decarbu-
rization model, and it is possible to form the inert gas layer more stably and more rapidly and to extend the

time of gas recovery.

Key words : steelmaking ; process control ; sensor; bottom blowing converter ; decarburization; end point

control ; off gas ; mass spectrometer.
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Fig. 1. Waste gas analysis and recovery system
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Fig. 2.
argon injection system with mass spectrometer.
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Table 1.

meter.

Main specifications of mass spectro-

Accuracy of analysis +0.1% (vs. Full scale)

210~1 000 cc/min
760 mmHg=+20%
20~130°C

Flow rate of sample gas

Pressure of sample gas

Temperature of sample gas

Measuring range (%)
H; He Na H0 CO (o) Ar CO;
Path 1 20 2 100 10 100 20 2 100
Path 2 20 2 20 10 100 100 2 20
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Schematic view of waste gas sampling

Wk, NA2 TREBEEOSHEZITIbDE L.
3-2 BHRYLTYLJEE

HeH a7 v rEEOFHEME Fig. 3 1RY. 2
FYLATZ74NF— (10um) N LT a—T %4
LT, PHEEESAXFTERY > T v 735, PEFA
o) HyO BRI D WHER X D12, + v 7 v /g
*UKR s e—F—TmMEL, Y7 rEENE
130°C fERMEE LTwh, /2, BTy rrshni
PeA 20 HyO TOBREEITI B, BFr— 79—
PREL T AR ERSIEHIEANT S, & AR
DEED =612 6 ROFE#eH 2K N & KIETFERHE
YPHELTCWA. B, ¥ 7)) vy IrEEORERE, 7
U — 7 HHaHEt £ TOHEH 2 O EikRE R & R T
¢, BUEIPIEIEICHES VT Smme #BE L 72, HES
ZDSHTENEERIE, FA»LH T L FREETH
MICESARIZL T 10s THDo 7.

3-3 BHESIEOXBEK

HESNED Ar T AEAN, BEY TV 7, P77
2H 7)) r FORERKEN T Fig. 2 IR T. Ar F R
&, EENTOREORE—LE B < 720 I RERERFRAC
BHIIZEATALOE L KiAA Ar T AME gar
i, 4.5~5.0Nm®/min & L7:. WEBEOSHIX,
HARBIHEOBELHOLEKRL 6, Fr—PITLIC
WREHBIRGERT & Y75 v AWEBER © 2 [ FEHM L 7-.
3-4 BHRATF—2EEY AT A

HESHEI SO YT A5, *BREE, 7

o e, BUEE (R, AKX, 8A%) mARE
HEOREERT -7 ICEOE, WP, 25 T&
WUTOHBORAELZTTS.

(1) ey 2 BEDOEE

HEH 2 HE Qwe (Nm®/min) B X, HO0 5 DR

AL HE Q. (Nm®/min) &, D N, & Ar 0
BAs, (1), (2)XETHRL6NS.
Qwe = (100 gar*Nzair + Qo,* Aro,* Naair
— Argr Qo,"Nio, — ATgir- @pc100) /

(NZai’I‘.ArWG — Aratr'NZWG) ..................... ( 1 )
Qair = ( QweNawe — Qo,*N2o, — Q,°100) /.
Nipgsy  +eseesesessmsemsesseessessnserseieessaseeuenes (2)

22T Arwg, Nowe W&, HEX A Ar, N, iRE
(%), Aro,, Nzo,, Aray,, N, SWEREEFRE®, 2K
i Ar, Ny BFE (%), Qo, Q EWKHMEWE, /<
U Ny it (Nm®/min) TH»%.

(2) Blix#EEDOGHE

MR dC/dt (kgC/min), B X OCBLKERER
(%) oFtAaR (3), (4)RTiT27%.

dC / dt = 12:Qwe* (COwe + COuwe) / 2240

—36'Qc3us/22-4 ........................... (3)
n= ‘ th;(cowc + COzwc) — 300 QC,QH&*/
2(Qo, + So; — 1.5 Qeguy ) weerrerrremsrmsnnseanens (4)

Z 2T, COpwg, COzpeg EHEH 2D CO, CO; i
B (%), Qe &7 02825 E (Nm*/min), So, &l
JEURH e o BEARE R O BEAA L (Nm®/min) Th 5. #liE
CREEDOREMIMER L, ECIRE L BT CIBE Cun(%)
izt rH—7 ZAPWECIRIE Csr, (%) & LIz
Ba, #hEh (5), (6)RTKRkHOENS.

C(t) =110 Wi Cuw — ACH (D)} / (10- Wsr) -+ (5)

C(t) = Cs — ACE(2) / (10* Wig) wovmmvenneeneees (6)

2T ACE (1) (kgC) BIREBHIEL SV —F
Z HE B OEFERRL 112 B AWREEFLE D S OFEEB R
BThy, ACL, (1) (kgC) ¥ —F v ABEHNS
WS TROEERY ticB b4 —35 v AEH
SOBEMKETHDH. Wyy, Werid, ASE BHWHE
7 (t) Thsh. ,

Pk, RFCMHH L 2ERESITEORMHEIIC >N T
Rz BEHNE L SrIF OPE T 2 5HT KA L 7268k
DORFFEVI O 2 RE L BT S, KEOFRIZLUTOL
HIWREHEIND., OREF ABHENTO Ar BREOAM—
SAEIEL, » o AREDORMEHEZ HIT AL,
EREERENICHERD Ar A %EAL, PL—
H—LLThH Ar "2ADOBRELXHEMES LTS, @7
ZH D H,O FHTAWEETH A, KK XHRIFTid, R
HAELT, FONMEICRILKEERFIRL T 720,
FNTOREENT VR, KENF 2% E5H)ZT,
HAFD HyO G LBEE %2 5.



PR A SFATIERIC £ 2 IRIK & S0 0 i 5 SO RBE D HESE & & OWRERHE S, 7 2 BN~ o 8 613

4. BEH AR, BEH ARBOREEFEAL

4-1 BEH AP OERZEL

PET A G ERRE — + DFERKEESLM% Table 212
Y. BESWEICTH O HEY 2B OREEZE{L %
Fig. 4a), b) IZ7R¥. Fig 4 a) \C3HMNDKE (CO)
& HRMAGHTE (02) D4HrfEi%, Fig 4b) (Zix#k
REERT (Hy) OHE: EESHEL O SHE & ik
LTRLZ. B, ZOBHAED Ar WA ARTRE gar 12
4.5 Nm*/min TH27:. BEHSHEIOMEIIHER D5 E
DiEE BIFZAEARRONE, 72750, 7Y v 7
B, Y7 7RBRY, GETEHEOIEREDE
B EDOIERSHETIZ CO, Hy EHICE LT 185,
0, fEICBIL T 80 s T OBNIEM SEMS LTV

Table 2. Operational conditions of Q-BOP blow-

ing during the experiments of waste gas analysis.

C/4.3 ~ 4.5%, Si/0.10 ~ 0.75%

Chemical compositions of N
P/0.05 ~ 0.13%,

hot metal Mn/0.24 ~ 0.70%,
S/0.01~0.05%
Hot metal ratio 100%

Oxygen flow rate Qo,=560~820 Nm®/min

10of 20 a) M.8 : Mass spectrometer / 20
IR : Infra-red ',
MA M ic— 1}
sor 18l i agnetic-analyzer 'l, lie
'! !
. ]
~60p 121\ [ Gas species -
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o%ros ,l 08
/
20 4 {oa

o L S n " L ) L s 0
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1004 10
b} Gas Gas
Species | Analyzer

M.S : Mass spectrometer
T.C : Thermal conductivity s
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X5 K ", 0
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a) CO, Os, Ar in waste gas

b) CO2, Ng, H20, H; in waste gas
Fig. 4. Change of waste gas compositions with
time during the blowing.
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Fig. 5. Change of waste gas flow rate and air flow
rate sucked at the mouth of converter during the
blowing.
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Fig. 6. Change of decarburization rate and the
fraction of oxygen reacted with carbon during the
blowing.
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Fig. 7. Change of the fraction of oxygen reacted
with carbon during the initial stage of blowing.
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Fig. 8. Influence of silicon content in hot metal on

the fraction of oxygen reacted with carbon during
the initial stage of blowing.
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Fig. 9. Fraction of oxygen reacted with carbon as
a function of carbon content in the bath during the
final stage of blowing.

ATET.

WHR K O BB RS R & $iE CilE OB % Fig.
9 IR, T CHECRER (6)RL ko, B
REBEENEFZBCETLIILSS (75580 % LTI
. ) BURERBBAICHY T HME CRE C,, RIE
WEEFORE 0.20 % BETH Y, LD EFD C,=
0.5%7 LB LT, BOTENMEZRLTWS., BlE
T B B R BUG A B R AR A S 88 O C DL
BUEHICBITT A2 ATHY, EREEFEO C, pE
DB OBEBENKE L, WEDOCOYWEBEIOE
BEBHOMAT B0 L EZOND, KIEORORER
BE C, 45 0.045 % 12 BWVTh 0134 15 % OEERT.
FREGFEORE, n ZRFERE 0.045% BV TH
5% LHEES D ”



PR 2 GHTAERIC & B IR & 8545 00 L3R SIS EE OHEE & £ OSSR, & 2 BN~ 0@ 615

6. ERIFRARIEANOER
H RSO AR~ OBRAMEIC oW TR L

7o, BEOSEREERPOL V4 — 5 v ARELREDO A
FHFE LTUTOEFAREZREL 299,
OBixE 7k,
—dC/d0,=1{(1.555 Ws,./ C*)(B/ @)
+ 9.33 Wsri_l ........................... (8)

ST W, BRI Z7ERE (), flald/XT A —5—
Thh.

QRBEF NV

AT = A-A0,/ Wew+ B(C, Cs1)-

+ D(AWore, AWeao)

ST AT, A0y AW,.. AWeuo, ¥V H—F v 2
HEDBEOFRE (°C), KEMERE (Nm®), SEAH
A& (t), CaO % AR (t), A, B D87 £x—%—,
Wey BIFNEEAER (t) ThH 5.

¥ —F R THRB CIRE L IR T HE LU,
Fig. 10 ISR T L) 1C, —ERHM I L ICRIEDIZES £
THKREEEIEE (8), (9)RTFMTSH. 22T, Kik
HHE#HME C,10.015%, Tp+12°C & LT, K
CHRHRFER S LORL . EBREESE (6)KE
(R LB TR, mead (8)e (9)KcL3
TFHMBRTHS. &b, MPBEALICTERORIED C,
Cry W, Tjr RL7Z. H&XYy, BESWER, 1€
kD BLRE 7 VR & RBRICRERE N O BLREEE) ¥ BRR
LERELTETHAI L bh s, HEFTNEOH
BRI A0, (3)RNoBaroRDAL Y —
5 v APELRE, Wik F TOMBHRE ACwe (keC)
& WP A & HHEE FV ORO - MB LR E ACys

. % Hitting region N
16501} %/ at blow end

5 |
5 E - (Cta.Tra)
£ 1600} Cr . TR)
§ eq. (6)
5
I_: 1550}k eq, (8) (CsL ,Te) | °
@
1 1 1
1 5000 0.1 0.2 0.3 04
C (%)

Fig. 10. Typical example of the blowing orbit
after the sensor lance measurement, predicted by
dynamic control models or by waste gas analysis.
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Fig. 11. Comparison of quantity of decarburiza-
tion estimated from waste gas analysis with that
estimated from mass balance.
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Fig. 12. Comparison of control pattern of flow
rate of waste gas between by conventional method
and by present work.
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Table 3. Chemical compositions of
layer for preventing explosion.

inert gas

Gas species Concentration

Cco <12.5%
H; < 4.0%
CO+H; <11.0%
(2} < 5.5%

&, e A BUNET R 2 BN ARG T 28 % T
Bt B 720D b DTh S, P AEIHIE, Py ¥ ¥ 5—
(Fig. 1) oflficky, FOEDEHBL, FOr o
DRAZLRREDOKR L PRV 2 OB K5, &
WEWEH A8 & 13 Table 3 TEZE & N5 IBERAKEFEN
DS EHTHHAETHY, BH 0y —OEHE 2
EEFUE L ORMLE B TEEAND LIRS » 7 H
CBILHTADOBELIETEH0THE. RGN
g0 EBER IO, 5 IDF £ TOMERN % REME
HATHBE LDOLERD2S 30s BELETHL. B
AR 2 EE+ 521, BB ORiT#ZICBWT
FrEEDORIENEH 28 & BGRITER S € HVEND S,
72 WPFRATAREETFRACKDIPEETABOER
NEHHT A ORY], LEEREITI ICEFRFT A
FEL T LI ARE/YY — > OFATHIEAWE &
%A, BHREBESE g2 HE, PRV 2O
DEEBEILUTORTFH S NS,

Oz C DBLIETAHR S D CO HARER
Qo (Nm®*/min)

Q& =27(Qo, + So, — 1.5 X Qcypy )/ 100 =+eo+ (10)
@C3Hg 225D CO F 2 AR QSY™® (Nm®/min)
QS = 3 X Qoyng *+orereererreesesnn e st 11)
®CsHg 25D Hy A AZEAER QE™ (Nm®/min)
Qﬁgﬂa =4 X QCzHa ....................................... (12)
0y Gl Pl 4% %= 0k o )| Qr {Nm®/min)

Qr= Qlo+ Q" + Qs wrvererererieiiiiiini (13)

Z 2T, EREEENICIE CO, Hy0, O, 7R IHE
TELZWwboE Lz, ZOBEMATUTICER<S. KkES
DEIFNFMHRT ¥ v VEIERERO oS %, (14)
(15) K & © HyO/Hp, CO,/CO It % #Ffii L, Table 4
WRY. K, K BEROTFHEBTH 5.

1

H(g) + 0. (g) = H,0 (g)

log K, =108 ( Pu,o / ( Pu,* P5,*)) - (14
=13134/ T — 3.038

CO(g) + 5 0.(8) = CO. ()

log K. = 10g ( Peo, / ( Peo* Pi*?)) - (5

Table 4. Estimation of the values of Pyu,o/Py,

and Pco,/Pco from the partial pressure of oxygen
in Q-BOP.

Gas
Total oxygen blown
(Nm3/t+ HM) Teml()%?ture log Po, | Puayo/ Puy | Pcoy/ Peo
4.3 1395 —12.92 | 0.0238 0.007
21.7 1402 —13.22 0.0156 0.005
37.0 1390 —11.59 0.116 0.035
4.3 1422 —12.46 | 0.030 0.009
21.7 1437 —13.01 0.014 0.004
37.0 1468 —11.18 0.08 0.023

=14561/ T — 4.42

IhXY, WENH, S, KD Pyo/Py, 1, 2

~3, 1~2, 8~12% T&» Y, Pco,/Pco 14 0.7~0.9,
0.4~0.5, 2~4 % TH 5.
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Fig. 13. Flow rate control of waste gas to form
the inert gas layer at the initial stage of blowing.
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Fig. 14. Flow rate control of waste gas to form
the inert gas layer at the final stage of blowing.
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