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Estimation of Oxygen and Nitrogen Absorption of Molten Steel
during Tapping from Converter

Takao CHOB, Katsuyoshi IWATA and Michio INOUYE

Synopsis:

The amounts of nitrogen and oxygen absorbed during tapping from the converter are estimated.
The mass transfer coefficient in the liquid phase during tapping becomes large as 0.1~0.2cm/s, due to
the violent agitation of molten steel in the ladle. Absorption efficiencies of nitrogen by air entrainment,
7g, and through the surface of tapping stream, 7, decrease with increasing oxygen content in the
molten steel. Although the amounts of nitrogen and oxygen absorbed during tapping are practically
independent of the tilting rate, the heat size, and the profile of the converter, they decrease with de-
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creasing tapping height and somewhat increase with increasing slag depth in the converter.

It is also

estimated that those amounts increase with decreasing tapping hole diameter and with increasing its

length.

A nomograph for the estimations of oxygen and nitrogen absorptions by the gas entrainment and
also through the surface of tapping stream was proposed. The estimated amounts of nitrogen absorbed
during tapping agreed well with the values reported in the literature.
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Fig. 1. Schematic diagram of model for tapping
from the converter.
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Fig. 2. Comparisons between the measured and
calculated over-all mass transfer coeflicients of
nitrogen absorption.
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Fig. 3. The nitrogen content in liquid steel absor-
bing the whole of entrained nitrogen and the com-
parisons between the measured and the calculated
nitrogen content for the selection of the mass tra-
nsfer coefficient in the liquid phase during tapping.
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Fig. 4. Effect of oxygen on the efficiencies of
nitrogen absorption by entrained bubbles and
through the surface of tapping stream.
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Fig. 5. Example of tapping of 200 t molten

steel : time dependences of oxygen absorbed by
entrained bubbles 4[ Ol and 4[O]s;, the tilting
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Fig. 6. Time dependences of nitrogen contents
4[N]g and 4[N]s; during tapping of 200t
molten steel.
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Fig. 7. Effect of heat size on the oxygen and
nitrogen absorption of liquid steel during tap-
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Fig. 8. Effect of furnace profile on the oxygen
and nitrogen absorption of liquid steel during
tapping.
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Fig. 9. Effect of tapping height on the oxygen and
nitrogen absorption of liquid steel during tapping.
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Fig. 10. Effects of melting weight and ladle pro-
file on the oxygen and nitrogen absorption during

tapping.
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Fig. 11. Effect of the slag depth in the converter
on the oxygen and nitrogen absorption during
tapping.
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Fig. 12. A nomograph for the estimation of amounts
of oxygen and nitrogen absorbed during tapping.
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OEERHEYTS. T b bO->@->@+ Fig. 12
(b) wittr7c HIX EHEA B 4[NI: %, ©O—-0—-®
D XS EOBMERE cEMciThS &, AR
5 A[N1g ¥#ETHZ N TES. LA T Fig. 12
X T 400Tse WHE F AN LRI s b3,
4[01E, 4[N1% BB\ X A[NIg D Dy B [y ~DK
it 3.4-1~3-4.5 THRARICFEGHOFE B L TH
EThDH, ThbbHEIIWNILS RSB L, A&
AL BTNV IERT A LRI G, L RO
s BRI BED 5 VIRERF bR L Bicw e B,

Fig. 12 R kiRyokFHMcBA Tt 5 L Bbhs.

4. = =

4-1 BERNEICEFHBETLORYY

¥ 8D XB IORRAEBBRE cHE L £=0.05
cm/s19 % (30) RICfRA L, Pn,=latm T kov ZHH
L-#s5, Fig. 2 wrRd X s itBEErEnE OR)
L X< —% Li. ¥7- Fig. 2 i [01s=0.23%, Po,
=0.21 atm, Py,=0.79atm D44 F¢(B0), B I X
VY (33) Ko HEME L kov IR LRI, ZOBAK
LEMHME (@) X LTI<HEL, KeFmiEY
febho LBbh%. fnls, KT UTIHEF OES) MR
e b B—5E L RGE Lichy, ERRELLTW3 L8
b, LaslLicss, Fig. 7~11 BB L7 X5
ww, kA 40~80cm DRICABLTEH 4[O1e ik 1
ppm BLOZE(L ULoniey. FHHMOoRE S P
B (9/10) -H 0@\ friEa s (3/4) -H LRI EE
LT%, 4[0J X 0.2~0.3ppm DEFARE LIS
B E fr .
4.2 RROMEBERANOFEFNLD#EH

FFHEROBLRIGE & 0 BT 5. RE ST
A7 =r=vH yREML I8 WRATFT 80t 2 HIH
L, =V vBIUOKREEE WA & 4[Mn]=0.02~
0.07%, 4[C1=0~0.02% %R Li. LdaLichb,
e{t4s MnO K X0 CO L LTCEHBIhSHBERER
4[0]1=0.0058~0.047% =1L, KeFAhb HEEX
WAMEE XD b REV. ZXEFAOBEH
HIF P b 2 5 70 OBREBINTA - L &R
L2, HERFOBRRINEY AT 7 L LG I THRT
5T LIRS TR, —HEFRAOBRMIA S 7T
Bxh, KE»boEREBNIIAHI TS, Lk
AT T-A ZNADOERORZ LI L E2 BhBD
T, BRENCOWTEREF VEFEATAZ LT L
7e2 U2 OB SR N DU MR ZR RS o FHilli 23 B E /e il
Lied. & TR TSR BEER] 28 Lisy

Table 1. Application of the present model to the
previous results by Y. ABg, et alb.
Y. ABE, et al. Present work
[CD, (%) 4[NJ, (ppm) [0, (%)  4[NJe (ppm)
0.6~0.8 10~28 0.005~0.010 10.3~17.2
0.1~0.2 2.5~12.5 0.015~0.030 4.1~ 7.6
<0.1 —2~5 0.03 ~0.06 2.0~ 4.1

Table 2. Application of the present model to the
previous results by H. OHOTAKI et all®,

Present work

A[Ng, (ppm)

H, OHOTAKI et al.

4CNT, (ppm) [O3, (%)

Composition

E 0.02%C, 0.05%Mn —4~4 0.08 ~0.10 1.2~1.6
A 0.09%C, 0.37%Mn  —2~4 0.02 ~0.04 2.9~5.6
B 0.17%C, 0.41%Mn 1~10 0.015~0.03  3.8~7.3

St LILERIN LT S B85\ ¥ & FECER A%
K¥, FALFMCOVWTRBECED S, BREE
REIRTWREWAIEER Tz LD iKF o C-0 B
{ZI0 0 BHETE L. fIEE 5 13 Table 1 1% XU
2% X 5w 70t ORBIEERILMR D KERRE &
AIN1OBR &R Lic. 2T 4[Nl B CHERET
B T HMEMEE T AH, Fig. 7 off R %
HEE 1T 4 [N]1i=40ppm #{HE L7:. RIE3IF|D
R EE S Lo Fig. 4 225 £1=0.2cm/s TD 7g
BELIY, #4700 A[Nlg ##HE L. Thitlh
EHEEI TR SoMEHBRCSS. —FHK
¥ 510 T HISRRFI. Mn 3 X O Al 24BN T, Table
2 #25DERD Y 2 F A& 50t HEB L, 35D
AIN] ®##HE L. 20 BEHE 3T 0 BERRRER
Fe-Mn ZODEAEBME X b {EVD T Mn O
ML Fig. 4 225 ge kD5 & & b, 4[N1E=40
ppm H{RE L, FERECEE S FIoHBEELRD .
FRRRL®IT 60t BN D 0.04~0.11%C DOFERL )
A FSZHE L, 4[N]1=1.6ppm %HIE Lichs, Rk
@ A[N1g=40ppm 2 LR35 & 4[N]g=1.7~3.8
ppm rk7ch. fiF v FEICE LTI EH LA 250t
B4F e b CHUGR ~ BRI 2R L, Wi &S RKo=
FiEEEE 5~10ppm %R L. Z OBEICITHEEALE
MRS T 0T, Bk FEiED 0.06%0
(ng=0.046) ¥ X 8 Fig. 7 ® 4[N12=38ppm » &
A[N]g=2ppm %, ¥ LHEFIBBEDMEL LTO0.002
%0 (75=0.68) ®{EEL, 4[NIg=26ppm % #5E L
foo WEZhDBERF¥HTH L A[N]e=l4ppm & 78 %
P, ZOERERIEX Y eE . ERCHE LY HlE
THHMRIC Al 3 XO° SRR & 1T 0 B A
A[N]=10~23ppm L#EI TS, WERIC R
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774 # &

%69 4 (1983) 7%

Rl dhic L LTS &, BrkiEEEE 0.03%
O (7£=0.096)~0.06% O (75 =0.046), 4[N]%=40 ppm
b 4[N]e=4~2ppm 7%, #H¥i3 Fkkc 0.002% 0
(7£=0.68) »°5 4[N1e=27ppm A REELh, FHHE
A[N]1g=16~15ppm FPEMCITE—F%T 5. KB
By D HEHE 2 RO ] 5 I BEEE §ii i o0 WS %0 & T RIS
D A[N]g REHZZ DT T I, 20X 5 kKbiEEs
T ORI O T A[N]1 OHEYRA -2, EHIfE
A Te DI ER HERE T 7.

5. #

P MR OMERS JOEERINBELHE L, Kok
BReBi.

D H#RO “cExoiE” kT 5EHANYER
ByREU £y =0.1~0.2cm/s fRiIc K & <, HAEDHR
SENEEI e DB BRIND L E2TRB LT 5.

2) SRR ORGEBNAE B S \ I EENEE Xy 2 &
ZRAABIA L THEOHEE L.

3) HiRo » ARINEIIEIFAERED 5 VIFRR
EAEERE L.

4) WP CNEEET D LA ARNERIETETFT
575, BSREREYZ RS LTHEEIZELS T, &’
WS AT 5.

5) ERIFNAT FBNEL Ieh ERIVEIZ R 5.

6) MWL ML, XEL kb ERIVEIIHENT 5.

7)) AEOHMILERKSIVEI I LRIIMERE R
BT 2BER IOCSERBINEXHR T 5B 2R 1.

8) AK=EFAOHEMEIERRINEIT 5 HEHEIE
E—F%T5 EAHELMER DR,

Bb D AR ZXITICH 7o b MR E EZW I B+
2 REM 7o BE Seh  SHRORTE 7 B ASRE (B S Susk
PR ARTERCHELRE LET.

2 5

%a:ﬁ%nmnz;w%szmxwzw&ﬁiﬁ
cm

Cos C;: WtH-SL 7 % X KM FRTE O P (mol/cms3)

Co: JMH-SA 7 & F¥ 5 )EE (mol/cm?d)

Dy : HigRFLER (cm), E,: EEH =% /L ¥ — (erg)

o Jo: BRI UBEOEEFRHE (cm¥/mol)

Fy: 5w (cm?), F,: Froude ¥t (=uji/(Dyg))

G: BEExAL T2 E (m?)

h:BEFNERER»>OHBAAODETOES (cm)

hie : SR DIESANIEME X (cm)

B BEofEdLE» SIEMERE oS (cm)

H:giFEE (em), ki @AY EBBHHRE (cm/s)

kookds - EBOREERESIVCREEEZECOREY
EBHE%HH (cmt/(mol-s))

ke : RIGHEEEH (cm4/(mol-s))

L BFEEE»SEXHFMOER (cm)

ly: BWIAES (cm), m: HhFo0EE (8)

i

anl

Mo : EFENARER (), My 2HWEE (1)
f, Rl EARARNYBEBEEE S X OCRE KIS &
(mol/ (cm?-8), #yy : #¥EEE (mol/(cm?-s))
A[N]1g, 4[NI12: 2SR ZLWHrLOEHEER I
BELSICEDOELETIEE (%)
A[N]sts 4[N1::: FHATHEERINEE S X OBE
mEECOLOE (%)

[Olv, [Ols: k- L7 OFERIRE S X O B HR M

BE (%)

401, 4[Olst: % ERAZ KA ICHEXE L &
THBERBEE (%)

Po,, Po,i: BBESIE L X OREHIE (atm)

R, : MifH¥FE (cm), R,: E5IFEE (cm)

Rc: 4 vF ¢ 22% (cm)

R, : Reynolds¥t (=p Dyuy/pe)

g, u: WAL Ok X PEMEZ TOFE (cm/s)

Ve: BBIFNAR (m3)

Ve, Vg: MEWRHRE I H5H8ETAST S o
HA%EZALEE (cmd/s)

Vi WEREEE (cmd3/s), We: Weber % (=ulpDy/0)

%yt R ER K S (cm)

Z, Zs: HE X L X ORME S (cm)

e, &: HEMKOE N &+ DHMWE (cm)

0, 0 GFESHAERSICEMAE HEIKE AN HE

(deg), 2: Eh o E (cm), p: HE (g/cmd)
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