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Mechanism of Simultaneous Decarburization and Nitrogen Removal by
Blasting Iron Ore Powder on to Molten Steel Surface

Masahiro KAWAKAMI, Masuo INOUYE, Jeong Sik KiMm, Toshihide TAKENAKA and Seiji YOKOYAMA

Synopsis : In order to develop the effective way of nitrogen removal from molten steel in the electric arc furnace steelmaking, an attempt was made to

accelerate the reaction by the simultaneous decarburization. The iron ore powder was blasted on to the molten steel surface with Ar carrier
gas under atmospheric pressure. The melt was 20 kg. The temperature was 1850 to 1950K. The gas flow rate was 3.33 and 4.17X10*m>/s
(STP). The ore blasting rate was 0.167, 0,417 and 0.500 g/s. The results are summarized as follows;

(1) By the blasting of iron ore, the decaburization occurs resulting in the acceleration of nitrogen removal several times than the mere Ar
blasting.

(2)  Under the hard blasting condition, the nitrogen content decreased from 70 to 28 ppm for 1,000, while the carbon content decreased
from 0.55 to 0.12 wt%.

(3)  When the carbon content is larger than 0.09 wt%, the decarburization was controlled by the oxygen transfer and CO bubbles are
formed in the melt. When it is less than 0.09 wt%, however, the decarburization was controlled by the carbon transfer and the reaction occurs
only on the melt surface.

(4) Tt is concluded that the effective nitrogen removal is possible even under atmospheric pressure, in the ranger where the decarburiza-

tion reaction is controlled by the oxygen transfer.

(5) The effective interfacial area is 7 times at most as much as the cross sectional area of furnace.

Key words: acceleration of nitrogen removal; decarburization; iron ore powder; molten steel; powder blasting; under atmosphere conditions; reaction

mechanism; effective interfacial area.
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9.Protection lid
10.Sampling hole
11.Refractory brick
12.Graphite ring
13.Induction coil
14.MgO crucible
15.Melt (20kg)
16.Lance

1.Gas cylinder
2.Regulator valve
3.Pressure gauge

4 Float meter
5.Control valve
6.Powder dispenser
7.0re powder
8.Revolution controller

Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Chemical composition of iron ore powder.
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Table 2. Chemical composition of used steel S25C and

S55C.
o] Si Mn P S
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Fig. 2. Change in carbon and oxygen contents with time
during iron ore powder blasting under soft blasting
condition.

Table 3. Experimental conditions.

Run No.|Gas flow rate |Lance height| Feeding rate| ~ Steel Tempareture
(m’ss) (mm) (gls) (K)
Ar-s | 333x10* 80 - $25C | 1916~1929
ArH | 4.17x10" 50 - S25C | 1872~1875
S-1 3.33x 10" 80 0.417 S55C 1860~1875
S-2 | 3.33x10* 80 0.417 $25C 1881~1935
H-1 4.17x10* 50 0.417 S25C 1874~1929
H-2 | 4.17x10* 50 0.167 S25C 1875~1911
H-3 | 4.17x10* 50 0.500 S25C 1858~1920
H-4 | 417x10* 50 0.500 S55C 1861~1945
H-5 | 417x10* 50 0.500 S25C 1923~1953
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Fig. 3. Change in nitrogen and oxygen contents with time
during iron ore powder blasting under soft blasting
condition.
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Fig. 4. Decarburization plot according to Eq. (6), data
from Fig. 2.

Table 4. Rate constants for decarburization and nitrogen re-
moval and the estimated effective interfacial area.

Run No. kc' Kn /A by eq.(12JA by eq.(13]A by eq.(14)

(1/s) (1/%s) (cm?) (cm?) (cm?)
Ar-S 0.014 50.6 56.0 16.3
Ar-H 0.023 83.1 91.9 26.7
S-1 1.47x10° 0.074 331 468 173
S-2 1.11x10° 0.043 262 300 199
H1 | 1.40x10° 0.058 490 561 372
H-2 | 1.04x10° 0.043 308 360 208
H-3 | 1.88x10° 0.073 617 706 468
H4 | 2.33x10° 0.2 888 1,240 454
H-5 | 1.50x10° 0.064 137 162 94.2
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Fig. 10. Comparison of nitrogen removal under atmos-
pheric pressure of the present work with those
under reduced pressure of Harashima et al.'?

ZZOIREMENET 2 EEZO6NE, koT, HENIGA
e &4 % 729121, R RG2S [0]D BB RO K b 7.
DFEIK([C]1<0.09wWt%) AV ETH 5 EE L 6N 3,

3-9 BETEEETOLSE

Fig 102 I3 AEE & IZIFTAMBO R 217> 2 E 60
EREMEHE TR L 728D 45T, BHES WL
WENDOFH KT J11350.013~0015atmTH 5., £ 72,
HESD(1)DRERIE, FERPIREARML AVEAT
HY, (2)DRERIZO)PIIM L vk S ITREARML 7=
BAETHD, &k, (2)DVBCIEERIL, #02wt% T
BB, ZORKD, KREBRDH-5EFESD(1)D#ESIE
EIXFERRTH B Z L0005, 72, FELDRELTM
L7l ki, AEBOH-4DOR 156G TH 52 & 1%
N5, O, FHEOCDOFAAEE LD & HENIEE
REL 72HHE LT, OEETLD & COHAGIANnTEE
LR SMERILHYBES T3 H 2 - 4 2 L REHRAIN$

%, QCOHABENTAD[OIEHED LABHIZ NS,

QAT ZDERE T > TNBADT, WHARBHRINT
VB, BEMREZOND, £, HELO(2)DEERKET
RHCB U AINIGHEREIN L ppm TH 2 DI L, AEER
DH-51ZH T H[NIEHREIZHN 28ppm & EWVMETH 5, L
2L, KEBRIZBEWTEREORMRPLBORB R E 4174
E, HETEBWTIHERGAIGEL . BIENEHE
ICEETEDDLEZOLND,

3-10 BERICOERMDRECRERE

AEBETRD = HERKIBOREE B kLD, FIRIE
WIAIRE 413

126

A= N e (10)
k' (p)
TROOEND, 2IT, k)it
K (0)=0.97413/(1+28.4[%0]+5.34[%S])?-+++++cveerervvr. (11
K ()=3.16/{(1+286([%O0] + [%S]/2) } -+-+vrevrereeerenee (12)
K (p)=15.0£3/(1+ 161[%0] +63.4[%S])>-++-+veeveerneens (13)

DXEMG, 4&KD2, 22T, f[IIEXOBEEBKT
SCRRE 20 % F 72,
(IHRBEBENLBEDT, NESMMD V7 3 >
T % DIXITKIS00 g D #k A FEIIARR L, Ar & E IR
J72RBRIZES 80 TH 5, 12)REM0, HHFOIZL 5
BOT, WE3BmMmD VXY 7 5 DIFHNTH400g D
EAVRUFICTHEBL, IFIE, 2L KD Ar#f 2 40K %
AATEEBREIDRDZEDTH 5, HHRKERL LUK
W EFEZIME O R E O TREAMEFEL, 1)
ERHTD, IHRBFESLNZX2EDT, WE120
mmOY S 3T T A A Y TOFR TR 12ke % & E AR
U, WHE FTAr& REIZKFHT T3, 2O=Z>0R %
HOWTEE L 72 A Dl % Table 412577,
WFNOEEREFETE, 1)REHNTRDZ4R0S
FAKZEMETHY, DOTUDR, (12)RDIETH 5.
IhE, (13)ARDKD &5 h 7= EBRIZKE T TITbh T\ 3
728, N ZUIERBOFE N OBIZANE L, WHITA
RELREERAEG A0 E260%, £/, 1)K
DKRDENT=FEHTE A AAWERBOF S350 & Sh
T3, =8, 1)RADRD 5N -EEBE T, FOF5H
BRAOHREMENERI S W T 3, FESD— ANZEED Ar
SUdiZ & M=% A A BRI HE L U TR L 7219,
AKEERTIZ, OIDHELENTVE A5, KFKIGE
DHGEMETEY, B2 56<, KERIGE 7 2AHWEHR
HORABEREEZELDONBYEELOND, LizhoT,
ZZ TR ARV ADEARAT A Z 2123 3,
IFONE? G R S A FAMIERIZF 177 em? 2D T,
BRI T OB A, AT AR 1~715 L REEE &
Nb, =77, AtKIHTOBA, PR L 0 &/ & 7% 4
DIETH Y, ArAERFEBERERIZITEXE S TELD, #
A ERE R E &> TOBHREMAE L, VT T
O— 2N —= F T —DADHHKE NI LB EOT
REMARIEL TWBEELILNS,

4. £

(1) BETMZBWTE, SEOMELRST 52T,
[C1220.557%° 5 0.01 wt% F THERIKIG A Z D, [N]2 77 2
528ppm  THE S hi-,

(2) IFFE&H 2NN~ F 70— 1B ETLI LT, &



[CIEEEIZBVTE, KNEAEY S DRERIEE L&
T&E 5,

(3) [C]>0.09% DHA DRI BIL[O1D BB TH
D, BHEPTCOREMRET 5. [C]<0.09%DIHE DK
RISIR[CIOBEIEEE & D, RIMIBEMERI TEZ 5,

(4) [O)DREESELK D LOMEKRTIE, KEREHE
2B W T EMNENLHEENTEETS 5,

(5) FERRISHERFISFAMEEO 1~7f5& "ML 5
hs,

KEBRETIICH720, HHL TS AEBRCER, I
IR, REMNAR, AHC -KOBEB ISR EHL
T, 7, REDNEITIIZH 720 BEBRRFEFNAE
DINAEEREIZ, BREFRHSMAITS 126 72 DYIREE
MEHEERIC, BE 7o -7 K OBHFBRENRIZE,
ALVTAILZ b AL () OBRICEAEDS W%
WAL T SIS RS L 9,

X 73

1) T.Choh and M.Inouye: Tetsu-to-Hagané, 54 (1968), 19.
2)) K.Suzuki, K.Mori and Y.Ito: Tetsu-to-Hagané, 55 (1969), 13.
3) S.Anezaki, K.Simizu and T.Mori: Tetsu-to-Hagané, 57 (1971), 1109.

127

VASFTT OSSR ARIK & 2112 & 2 FIRBLR - BERIGD X 71 = X 4

4) K.Narita, S.Koyama, T.Makino and M.Okamura: Tetsu-to-Hagané,
57 (1971), 2207.

S.Banya, T.Sinohara, H.Tozaki and T.Huwa: Tetsu-to-Hagané, 60
(1974), 21.

T.Kadoguchi, M.Sano and K.Mori: Tetsu-to-Hagané, 71 (1985), 70.
K.Harashima, S.Mizoguchi, H.XKajioka and K.Itakura: Tefsu-to-
Hagané, 73 (1978), 1559.

M.Takahashi, H.Matsuda, M.Sano and K.Mori: Tetsu-to-Hagané, 72
(1986), 419.

M.Takahashi, M.Sano, K.Mori and M.Hirasawa: Tetsu-to-Hagané, 74
(1988), 69.

Y.Mizukami, S.Mukawa and H.Shima: Tetsu-to-Hagané, 74 (1988),
88.

M.Hirasawa and M.Sano: Met. Technol. Special issue, 8 (1996), 67.
VRt | RS, B, BOR, (1997).

K.Shinme and T.Matsuo: Tetsu-to-Hagané, 73 (1988), 313.
K.Harashima, S.Mizoguchi and H.Kajioka: Tetsu-to-Hagané, 74
(1988), 441.

K.Amano, K.Ito and H.Sakao: Tetsu-to-Hagané, 62 (1976), 1179.
M.Kawakami, K.Ito, M.Okuyama, T.Kikuchi and S.Sakase: Tetsu-to-
Hagané, 73 (1987), 77.

E.Kimura: Trans. Iron Steel Inst. Jpn., 23 (1983), 522.

Y.Ozawa, K.Suzuki and K.Mori: Tetsu-to-Hagané, 69 (1983), 753.

K Narita, K.Makino, H.Matsumoto and K.Ogawa: Tetsu-to-Hagané,
69 (1983), 392.

Steelmaking Date Sourcebook, Revised Ed., ed. by The Japan Soci-
ety for the Promotion of Science The 19th Committee on Steelmak-
ing, Gordon and Breach Science Publishers, New York, (1988), 22,
59.

T.Fujii: Tetsu-to-Hagané, 45 (1959), 1248.

5)

6)

8)
9)
10)
1)
12)
13)
14)

15)
16)

17)
18)
19)

20)

21)

421 ERER



