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. Cold Model Study on the Mixing Rates of Slag and Metal

' Bath in Q-BOP

3 Kyoji NARKANISHI, Yoshiei KaTO, Tsutomu Nozaxi, and Toshihiko Emx
Synopsis:
Water model experiments have been conducted to clarify mixing rates of molten steel and mass transfer

& rates between slag and metal in Q-BOP with a particular emphasis on the comparison with those of LD.

Complete mixing time of molten steel determined by a tracer dispersion technique is, respectively, 23
to 26 sec for Q-BOP, and 100 to 200 sec for LD. This indicates that the stirring intensity in Q-BOP is
remarkably larger than that of LD when compared with the same flow rate of gas. A simple relationship

P obtained between the mixing time, v (sec), the flow rate of gas, Q (Nl/min) and the number of tuyeres, N is
7=41.80 (Q /N)—°-32 from which it is clear that the flow rate of gas per tuyere should be increased to realize
™ the better mixing. Mass transfer capacity coefficient between slag and metal designated by the product

of the mass transfer coefficient and the interfacial area, kga, is given by kga=3.49 X 10-% Q® for Q-BOP
and by kga=1.53 x 10-5 @3 for LD, respectively. Through these results, it can safely be concluded that
the mass partition between slag and metal in Q-BOP is more closely linked to the thermodynamic equi-

librium than that of LD.
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Fig. 1. Experimental apparatus of water model
and set-up for measurement of tracer
dispersion.
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Fig. 2. Tuyere configurations examined.
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Fig. 3. Comparison of perfect mixing time between
Q-BOP and LD, where the tuyere config-
uration of Q-BOP is of [ | with 18 tuyeres
and the bath depth is 68 mm for both cases.
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Fig. 4. Perfect mixing time vs. tuyere configuration
relationship where individual gas flow rate
on the abscissa is valid only when the total
gas flow rate is 175N1/min. (bath depth; 68
mm).
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Fig. 5. Relationship between perfect mixing time
vs. individual flow rate of tuyere where the
number of tuyeres are varied as a para-
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Fig. 6. Comprehensive relationship between perfect
mixing time vs. individual gas flow rate of
tuyere, where all data in Fig. 4 and Fig.5
are reproduced.
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Fig. 7. Influence of vessel inclination on perfect
mixing time, where total flow rate of gas
is varied as a parameter (bath depth;

50 mm).
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Fig. 8. Influence of bath depth on perfcet mixing
time, where total flow rate of gas is varied
as a parameter..
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Fig. 9. Mixing time vs. gas flow rate relationship
in slag layer of Q-BOP, where bath depth
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Fig. 10. Mixing time vs. tuyere configuration rela-

tionship in slag layer of Q-BOP.
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Fig. 11. Concentration change of naphthol in wa-
ter extracted from liquid paraffin, which
simulates the mass transfer between slag
and metal in Q-BOP.
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Fig. 12. Concentration change of naphthol in wa-
ter extracted from liquid paraffin which
simulates the mass transfer between slag
and metal in LD.
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Fig. 13. Semi-logarithmic plot of normalized con-
centration change of mnaphthol in water
extracted from liquid paraffin, where each
slope corresponds to capacity coefficient of
mass transfer.
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Fig. 14. Change of capacity coefficient of mass
transfer where gas flow rates of Q-BOP
and LD are varied.
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Fig. 15. Change of capacity coefficient of mass
transfer, where ratio of slag and metal
is varied.
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Fig. 16. Schematic representation of argon-stirred
ladle.

B X 2F LR L 5EECH T bh, kR Th
Zbhb.

dw=0pegdz+Pdy oerveveeeeniinnininniii i (19)
T, vikKEOBE, P 2 OBXTOES, pe
BEREE, sxEIMEETHS.
BEKGIEZEATUEADRT Q)R &5,

dw=2nRT/[Po+ peg(Z—2)1- pogdz ------ (20)
cor, &l Eoe sk REGGER Tt
SRER X Py ZKKHE, ZMBEITHS. (20)
A& 2=0 T w=0 OFREMHLEO>TEYITHIEED
AEB5.

w=2nRT In [1_|_Z/14.8]........................ (21)
B, 1 s BohCHbiAThsKAES, N* %
2T,

N*w= (2Q RT/22.4/60) 1n [1+ Z/148]--- (22)
QLA AR (Nl/min) Th 5.
L7epiDC, RERARF AL L DOTH 2 bh 5= %
NEFEEOFIGHEE, &(W/ tsteel) IXREHIIC (23)K
Eits.

&= (0.0285Q T /Wg)log[1+Z/148] -+ (23)
T, Weg 3BRHEER (t) ThA.

Labie, WEEBZTWSHER EEF Gl A oK
ERRELDT, )R TEELLYADEEELEZEITC
IofkFEELFARE, EH=r A FOHRIER T
Ve WEER = X AFHBEOMGEEY & LB
THRRD LS5 HE 2 BRS.

éic=1{1/2(pguS)uz/ Wg}10-7
=3.72x10-1Q Mu2 /W,
=2.06% 10—17Q3M3/(Wg52pg) (24)
IR, SIPnLMERE (cm?) THB. 24)R0E
HICBR LG (2)RE 8B L.
R 23), CHRoMmE LTER X PIERE OB -
FNFEEOHBEEIRD OIS,
XC, gAY ABBR 53, RH, ASEA-SKF
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10001 T T T

(sec)

ook

ﬁ o 50t argon stirred ladie
F  ® 50t ASEA-SKF S~ i
| @ 200t RH ~~
@ 65kg water model

TIME REQUIRED FOR PERFECT MIXING

L P L

10 MR L
1 10 100
ENERGY DENSITY IN THE BATH (W/t-steel)

1000

Fig. 17. Functional relationship between time re-
quired for complete mixing time r and
rate of dissipation of energy density ¢ in
various steel processing operations.

TSrueAELEH T, LBloX S CFER I OTRE

% ¢ LRI X bR E BB EARHc ORI, Fig.

17 CARERD XS, B ERR (25) AEaLT 5.

P (s)sg()()é»o.u (25)
e, SEoeFAERO—FL LT 18 KL JH

P il e, Q=175Nl/min, Z=6.8cm, T=

300°k, Wg=4.1x10-3t /5% &M T CoOH—EA B [H

¥, (23), CHBIC@RILVERTS. TF(@23)K

B RRCEBIE LIckA

6=(0.0285 QT /Wg)log[1+X/1034] ---(23)'
Ly,
£=1039(W/ t water) seeesneeenees (26)
&= FVERTIIBROBIEL /NS, pg BEEERET

FCE D, OB, pg=1.29%10-3g/cm3, u=5.16x

103cm/s M=29g/lmol, $=0.565cm?, Wg=4.1x

10-3t Th%. OT, 2HXxkby,

éx=1222(W/ t water) 1))
&R, (26), @NREmRE L.
§=2261(W/ t water) ceeeeenneees (28)

(D) RRALT, 7=36.4s LRE 5. L2 5T
Fig. 17 AR TR LI 5k, BB (25 oBfRKix
i D DIESOENED. TOEBEERLT, WER
L35 6=2261(W/t) HT5H DXL DE D
BARDD E, ©=21~52s LkEDH. —F, SEOE
Eask (7) X v R % DH—BEBAFHEIL ¢ =19.7s THD
Fo. BEAGER-CRA X 5, SEOB—EARROH
%%Eﬁ,k&k&la7smﬂbfzuﬂs<mfao
xn55. D EOERID, H—REARMOENE 19.7
s LEMEfE 36.4s it Te ) DRI 03B B D5, HED
ELoxhEETHID, SEOEBRIVKESI.7
s (LR (25) X D R E BEOTRMECHH DT, £

LOoOXOHEANKEIEFDOTWEEARATIVTHSS.

EROREDT T, 230 t EF KT 2B —EARED
(23~25) 8 L O Fig. 17 m HHEERRE L 7eDoe. P
D&pEE LT we=230t, Q=700x 103 Nl/min(3),
Z=1%6cm, u=3.4x10%cm/s , M=32 g/mol, T=1873
Kig ERMA LT, (23)K X =91972(W/ t Steel),
R I D & =4188(W/ tsteel), Zh & INE LTH
Shn 6=96160(W/ tsteel) % (25)RWCRALT, <
=8.13s &3k % 5. —J, Fig. 17 X v iIso & oFiH
kdDH E r=4.9~12s L b, Tibb, 230t Q-
BOP Cil, AHLOEHRI & 58— EAWER, 8.5+
3.5s YELIEL, BADBH MRS bh 5 LF
B, b L—RERTIREIND DEMR E CORRMAHRE
LD HIENE LD THETH S EXRBT 5.

4-2 FRIEGEFWAOHI—REFFHE

Wk SEEME & LT A- 2 2 A OEBEREIN
F PR W R FERF T, B—RARE OB
BT e 00 L. £ 2 TR~ & 5w, B
YikEBEC, =, ZOBA» ORE L.

[EF 51013 200 t LD BRiF D\ TV O BLR K&
F AR T, 51, BRIRCBRREE? D, R
E 2 —x L LTEFARCE EhDFERNEMOMEER
FiE% 320t /min ELHEE Lic. & O OKREEMHILZ
vAEX, 150cm, 2EETE, Qo,=570 Nms/min, 7
VAR, 4F.x3.5cm¢é x12° I THBH. Thib
1 BB BT AR50, w11 38s b 52 bhb. &M
Uk 5cs—REHM, 7o EHETHIE, LEENER®C
P> T,

Ta=3r,;=1165 rerrreerieiiiniinnnnen
LBz B s EL).

—%, CHATTERJEE 513 6 t LD T v —ICAul®

G CEARM, s *HE LT, 2X¥oEXEL.

1-3—__;1255(30)
o DR ORI MT, Qo,=18~15Nm3/min, 7 VA
X 30~60cm, /e ThH 5.

FLINN B ERE S vAMBWDLDHF A - V= v P L
DERIBTE B S b L EREIREN L, FEEDR
WRR TR L.

h0=1.5(P0D*/h01/2)+1.‘5 (31)
I, ke Z~ZHREX (in), Py X/ AATOET]
(psi), D* x A m— ME (in) L Lo 117 VAFKS

ceeeene (29)

@ 3) CORRBI X b (2K o 2 fFE L.

(3 4) Leuner »58[f L7c Ellmans Encyklopadie d Thehn. Che-
mie, Bd 1, p. 2~5 Ti, BEERNOEHEMICISOCHFRTRERL
TR 1 &2 B DICET B & ERMNE ro QMK thi
Jre =In(100/i) WO E LTWE. ARLTERIhIL—EE
BRI T 1=Te s KIBMTAOTERICLD r2=03v1 &85
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(in)Th 5.

HA Lz bDOJEA DA (cone angle) % 2 0 L3

i,

tand =0.214 e (32)
tEZBhEDDT, BYREF VAFINLDL, BH L
TODHA+ Pxy b DIKKREFHETES.

% Z ¢ CHATTERJEE D DFEEESM1D*=0.61(in),
Py=107.3(psi), Lo=17.72(in) & TH%H. BT~
CHEHyEHAT OB TELTRE, UTOMEIE R
%. hy=55.4cm, 0V=6.28x 103cm3, V=8.57 x 105cm3
BIO 0V/V=0¢e=7.33x10-3, 7721, oV iz~=X
WO, V 322208 EY 7g/cm® & Lo
BOBRETHS.

FRECRE &0 200t LD ki) 5B &ML,
D*=1.38(in), Py=214(psi), L,=59.1(in) L7c3 oD
T, UTFD5 2 —-20380bh%. hh=143cm, §V=
6.84x 10°%cm3, V'=2.9x107cm® X V/V=gue=
0.0236.

LD BEF o4, B2 ¥ 12~ Z X EK oV e
FL, ThEMBHREY »ESehbirbi 5 0T, B
=R AFEEOBRKEE, ¢ 1LEUW oV/V a3
HERETES.

BOCOV/V=gp wenvnremneenninnniiniinninieniinn. (38)
Z & C, CHATTERJEE LOJHITE LicH—ESHERE 1255
ZEALT, @3)R» ORE o 200 t ERF TR 1R
BREEIAEE T, GHRoTELKF B,

7 =125(P6/h200)*49=78.3 s N €23

R 2EEOFETR D g—EARM 1, - (30),
(349K L, 200t LD T 7 =78.3~116s F\ Of{
LHEEIN. O, %o 230t Q-BOP oig—iE
A 8.1s @R LT, & 10~14 f2EL, SED =5
WEBRTE LR ER & LER X oMER & —T 5.
4.3 2SUBADESR

AZMBOBROBCERMLT, 27 7BOEBHL
EREDHBIHBNPCRETHS. Lo ATRUEKE
Th, 18 K RFOESD 5\ 138k | BEFI 0B
H, A7 7BOBBENARCREET S, T RILHIES CEE
WBITB XS, MIBHED, bl d UFEERNOREOE
BCEU LICIRBE SR E L, METHhiERS 7B 2
SEENARIILT DD TH D, ERKRERDL S
<, E@FRROWEMBS X RAIET 5HE T, ZoHS
CLHBEDHLD I, BRINTELI>THS.
144 RAS5T-AZIBOMEREH

FPRTEDHBENIEEYE 2 5Bk bEER AL, 2
BNy AT ITENENOBBROKERLILTEL B 2 5

-2 2 VEOMBERBEEOKREXTHS. (15), (16)
RTCHEBICE LD N IWEBEBERRY, kse OEK
FLEREEDOLR VLD, EREED kpe {E2S, [
CHAMBOEREERLD 2, SfgkEics & b
5. KRB, FURBEETY, BREEIYE 2 2
L, ERE RGO CO 7 ARTEECHE RS 5y
LZORKN LT, ERETIREZ 2 CHFETCE VDT,
FaliD> kpa ODEDOEITI DI AEXS L5,

(15), (16)Rwc X, EKRE, EkxxibImE
BEIBEBFREA T AMED SFECILFA LTHEMLTED
BUREGD, Fig. 14 o BB Xk 5, = ORI
RONICHAMEFTH CORETI L 5 Chb. ST
He I3 % BB AT Hos T,

D EDEZNGHEL X 51, ERXEFANOBEIT
FE LML, #8k LD BIFcED LR Tk 57 A
77D A Z AT HBEBILER, ERXEFOBEAE
HICEE L, A5 7/ 2 2 VO BEyENE, LD EIFE XY
LIk BB FR PR AHTICIE ST B TH S 5 &
&, BIUSBAORE—2REHd Th\ 2 e &M
HoNTHS.

5. &

2= ¥ - 2FARHCTER S EFAESES &,
EIR X ERIR L Lo ORI, 2 2B & L
TK%Z, A 7L LTCHREIAS 74 v, EFORAF R —
NERIE E%, R ELTESYH Vi, BEEEH
TI7YVAETHS., ERE, EREBELE LK 200t HiE
DRIFTORRKEE{ER 1/20 THESE THRR L
fc.

(1)  EREETIRLE 100~200s ZFF5 + L —v
DHY—BARRD, ERZHETIE 23~26s LEL, ER
EHARC L BRIz EHD T I

(2) HAnH, N, #¥AFE, Q(Nl/min) t¥H—E
AEE, © (s)EciE, © =41.80(Q/N)-0-33 7p 7 5B
ANREH IR, ChIviEAE, Po lRxBch on
AREBENETIZEEE S L8 b & ek,

(3) FoEMALRHELLY, HEBRRGIBELEL
35 &1 [BEOEBEB BRI, BH—
BERMOBERCAERTHS. ;

(4) 8K TIEPOEIOLS EOHAR LY,
MBI RE B~V — 7 TERT D L oY, BH—RE
AREREL s, o

(5) A3 7BADEASDS, ERXOHNERE LY
BB L, FPARBEOHEME L ICEAEE L EE
5.

[
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(6) WBI5 74 vInBK~NDB F 7 F—AOBHE
HEEEXRNT, 235 7/ 2 2 VEIOYWEBBEERE,
kpa BHEBL L. Bk XEokge 12 EkEHEL Y, [
—HARET2, 3FEREND. KTV AMEOE
b, TOEITIBRIEAD

(7)) B—RBEHREc LBR= A FEBERICEKID
FEER S, 175 Nl/min DEKR ZHEIZDOWT, 7=
36.4s rRE A, o oxHEETIL ¢ =21~52
s &feh. X hERE 19.6s IEBRADOTRMNT
TEHLDTELDXDHHNCE I EOTWSH EATX
V. 2T 230t Q-BOP 1@ ChFE T, X

£ 700 Nm3/min O F¢ ¢ =8.1s #5#%. —JF 200
tLD oW CHHEHEEL L ¢ =78~116s 7.
oL, AEFAKRBROEME X —&KT 5.

(8) HEDX>K, ERERFICHELT, KK
RN OBEIIRBCENTE D, AT 7/ X 2 LVEDE
T IR TN XU, Lo, RIREFERFICL B
ND Lol 2 AT B A S 7 OBMILERFE L
W o R SRS, JER ZEFF RN ORI o
T, kX &t Loofloscdfis 50, HAR
Bk FEEA OE DS, ERE LERECEITHFA
RIGEDESDOREBYZXHPL OB LS THS.

B =)
a: B+7b—AKMOREHE (cm?)
Cr:ERF 74 vHOBF7 b= VIREE
(g/ cm?)
Cp: kDB > 7+ —ARE (g/cm?)
Cp*:Cp LFETHKADBF 7+ —RE
(g/cm?)

D: AL (ecm) D*: y R0 Ar— & (in)

d : FRRE (cm) g BHMEE (cm/s?)

H:@ngs (cm) kB ~ZHEEX (cm)

hy: ~Z HEE X (in)

kp i KRB ED BEMEBEHRE (cm/ min)

L:5vamx (ecm) Ly: v AEX (in)

M: Gk4 T B (g/g mol) N=mmﬁ(wwﬂ

Npe i BEZ L — P (=)

N*¥: 1s ficEbEh bR (ﬂE/S)

n &l {Eox A%k (mol)

P :ExZToEN (dyn/cm?)

: k& E (dyn/cm?2) Py: 7 RAES] (psi)

G mE (N1/ min)
a1 Kb b oLk E (NI/ min/tuyere)

: SitksE%k (dyn- cm/ mol- °K)

: PR &K ERE (cm?)
CHExHEE (CK) ¢t o i (min)
P RN TORPTHE (cm/s)

Q*ﬂmmﬂzoﬁ

A REE
: A ZLDEEE (cmd)
DR T T 4 v OEFE (cm?)
s kDK (cm?)
t & 1 EoEE (cm3) Wy

(em/s)

D EWMER (O

w:EBlACroThIn5EE (erg)

9)
10)
11)
12)
13)

14)

15)

16)

17)

18)

PR AL 0B X (cm)
a*:
P~ B ERTE (cm3)
DR R L FBE Ot
3%@$*»¥%F®f¢@ﬂ“$ﬁ (W/t steel)

Br7tr—ro&EE (8)

B (W/t steel)

(=5V/V)

P HAY =y POIEBRD AD 1/2 (rad)
P AREE (g/cmd)  pp: WKREE (cm?)
: B—REARR (s)
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