I 256

$% & $R Tetsuto-Hagané Vol. 88 (2002) No. 5

VIR LERTWAAICE DA OBHERIC
T3/ XIVOEAEEE)
B BN R0 RE PR B EE

Behaviour of Nozzle Clogging in Deoxidation of Molten Iron with Injecting Magnesium Vapour

Jiayi SHAN, Keiji OKUMURA, Mamoru KUWABARA and Masamichi SANO

Synopsis : Deoxidation experiments of molten iron with injecting magnesium vapour produced in-situ by aluminothermic reduction of magnesia were

carried out. MgO-Al pellets were charged in the immersion tube, which was put into the molten iron. Several injection holes or thin injection
tubes were installed at the bottom and the side of the immersion tube, which was called as the injection nozzle. The injection nozzle was
often clogged during the deoxidation experiments.

Effects of material, shape and number of gas exits of the nozzle, pellet composition and initial oxygen concentration on the nozzle clog-
ging were investigated. The nozzle clogging took place earlier with increasing initial oxygen concentration in the molten iron. The AlLO,,
MgO and mullite injection tubes were clogged more easily than the ZrO, injection tube. The main reason of the nozzle clogging was deposi-
tion of the deoxidation product on the inner wall of injection holes and tubes. It was also found that the aluminum suboxide gas was formed
during the aluminothermic reduction of MgO. The suboxide gas formation can be suppressed by adding excess MgO to the MgO-Al pellet of
molar ratio of 3:2.

Countermeasures to prevent the nozzle clogging have been proposed in this study. Decreasing the partial pressure of magnesium vapour in
the injection gas, increasing the gas velocity through the nozzle and suppression of the aluminum suboxide gas formation are effective for
preventing the nozzle clogging. Countermeasures can also be achieved by dividing pellet charging to the nozzle into several portions.

Key words: deoxidation; molten iron; nozzle clogging; magnesium vapour; aluminothermic reduction; magnesia; gas injection.
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Fig. 1. Schematic illustration of injection nozzle.
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Table 1. Chemical composition (mass%), porosity and size of injection nozzle.

ALO, | MgO | ZrO, | SiO, | CaO | Porosity Size / mm Nozzle type
MgO 0.6 97.0 038 0.5 30% | 17¢ x11¢ xX60 A
Immersion
b AlL,O, | >98.5 0.6 30% | 15¢ X114 X60 A
tube
AlL,O, 95 3.0 Dense | 15¢ X11¢ X60 B,C,D
Injection
Dense |2¢ X1¢ X6 C
nozzie Gas Zr0, 93.0 5.5
Dense | 5S¢ X3¢ X6 (tamman) D
injection
tube MgO 99.0 0.1 0.6 Dense |2¢ X1¢ X6 C
Mullite 46 50 Dense |2¢ x1¢ X6 C
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SEM micrograph Q)

Pellet before exp.

Pellet after 600s

Fig. 2. SEM micrograph of pellet and X-ray images of O, Mg and Al
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Fig. 3. Change in reduction ratio of pellet and calculated
Mg production rate with time.

Loy POBRITKIDIZEWTIE, AIOY T FH 4 FH 2
(Al0, ALO, ALO, % 5\ 3 AIO,) ABAERL TV &nE
Abhd, KEEBMHSAIOS THFH A FH2ERER
RN ER T3 I L INEETH 5729, I Z T3 FEEHR
B TAFH A P H AR EABRBZLIZT S, 7
AFYAFHIADS S, REFEVENALO H ZADIBPA,

MgO (s)+2Al(1)=Mg(g)+ALO(g)
AG°®=558.4—0.253T (KJ/MOL) «--+vrereoeerrmeunmunrannnn. (6 )5)

KERH (=120 5)DWGA R A 2 D Mg 43 IE Py, & LT
0.97~0.75atm (Fig. 34 6 Mg &5 D 4 KEE D BERIZ 1L
KO, ERAZEIMgERDALREL, 0,=50x1077



Bubble formation time |

Fig. 4. Typical pressure pulse due to bubble formation.
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Nozzle clogging took place

(d) = 60s

(Nozzle: Type A (Porous ALO,); 0., =5.0x1077 Nm?/s; W,=W,=1.80 g; Pellet: 3MgO-2Al; [O] =444 ppm.)

Addition of pellet: W= WT =1.80g.

600;
Pé ‘.‘-.“-\\A .

Number
Type of hole
--A-- A (Porous ALO, ) 1

--w-- A ( Porous MgO ) 1

5 400 A —e—B(Dense ALO,) |

Q. - \\\

& RN Pellet: 3MgO-2Al

= ~ 0, =50x 10'Nm’/s
L-—.‘ gt

&= 200

3000

2000
t(s)

Fig. 5. Comparison of deoxidations with A and B types of
injection nozzles.
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Fig. 6. Relation between initial total oxygen concentration
and nozzle clogging time for various injection noz-
zles.
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Fig. 7. Photographs of type C nozzle after experiment.
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Fig. 8. Micrographs of deposited oxide in gas injection
tube.
(a) Cotton-like oxide (Fig. 7 (b)); (b) Farina-like
oxide (Fig. 7 (d)).
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‘H * Addition of pellet: & =0.60g, W _=1.80g.
150 ‘

! Type C ( Z:0,) T.[O] Pellet

4 A 4MgO-2A1
= Number of gas
E 1008 T UEE e
g 1000 injection tubes: 4 o 3MgO-2Al
= . 0, =50x10"Nm’/s
=

T. [Mg] Pellet

o) —A—  4MgO-2Al
& @ 3MgO-2Al
2
]
— : l ............. A | E—
£ L, sol[Al] sol[Zr]  Pellet
N~ n —A— —A— 4MgO-2Al
§ 40 ‘:. @ e o 3MgO-2Al
= 20p :
= | e
-I:.I &%%WA A;;;::::::::::::::@H::::::::::::::;;:é ------------------
8 0 A-A— A A  E— rw J

0 1000 2000 3000

t(s)

Fig. 9. Changes in concentrations of total oxygen, total
magnesium, aluminum and zirconium in molten
iron with time.
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Fig. 10. Effect of initial oxygen concentration on injection
nozzle clogging.
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Fig. 11. Effect of pellet charging method on injection noz-
zle clogging.
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Fig. 12. Effect of Ar gas flow rate on injection nozzle
clogging.

FEIZRITTNVL Yy FORMBEOREERT, MO, X
Ly PEIBNZHBEILTHRAT S Z L&D, YIHRERR
EMS50ppmDBAETE / ZLFAENEE LN LHD
Moz, TR, XLy FESHILTHRMT % & A K Mg
EROELZ HRNEL HET 5 2 LT, RBERYMO
I ZINNONEEDDHL B, J AVRAENIETE 3
HEEFEILLNS,

3.7 JAIRARICRIITAr XY UTP7HRAREDE
Fig.1212, Type CO H AWGAARE & AR 72/ A%
FIWT, 4MgO—2A1XL v b &35 #HI L THEML 7235
Bl T, 2 ALHABIIRIETF YV T HAHEQ,D
HEART, MED, 0,=166X107'Nm¥s&§ 5 Z &I
K0, VIHAES RS A 470ppm DB A TE / ZULFAZERE
Ehholz, THIE, ArF v VT HAWMBEKREL TS
CEHERMgESAEIRMEL kb &, /7 ANHODSA
TEFHEMNAKEL BB T LIZXD, HAWAARE DI
ERPIONEEFHRHITCES I LIZL S,

4. &5

MgO-AlOBE RIS EFMAL T, ZOHEEL 22 Mg

35

VIR LHESTWOARIZ K BEFOBBIZ KT B/ XILDEFEEE)

R L BBRGOBRBIZEBE T 3WGAAR ) XLDFAEEE %
HoEL, UToEREE-,

(1) MgO-AIBIOKIGIE, MgZBRAEKTH L L 81,

ALOH Z S BERT S, XL v FPIcfLERRILEED
LBEOMgO AHMT B Z LI2& D, ALOH ZADEKA
HwTE 5,

(2) 3MgO-2AIXVL v bOHE, 7 ANFHERHERLE
B K OER L 7z Mg B & ALO A X L DRIBIZ K 524
RYNZERTLELLbNDS,

(3) 4MgO2AIRVL v F DOBE, BERAERYD A 2K
ABENDREFN ) ANVHEOE SRR E &5,

(4) ZrO, 5 ZWGARE D 7 X)L ERIBHZE LI <
WZ kb orz,

(5) WBHHhOVBBRERESEVIZE, HBERYO
WOABENNDOEEN L D, J ANLHEFEZ DR
L& 5,

(6) 7 ZNBHEEBFSHRE LTL, #H AWGAAED
FEEZLTSB, S ANPNZRATENL y MZVETD
AL THATS, Fv VT HAFTREEZKRELTEHIL
BEIOLND,

AWRD—E13, AR FMREMEE (PR
(B) (2)11555192) Iz &k hifrbh/zZ %L, #HEEEL
9,

X 23

1) J.Shan, K.Okumura, M.Kuwabara and M.Sano: Tetsu-to-Hagané, 87
(2001), 635.

2) M.Sano, Y.Han, T.Sawada and M.Kato: ISLJ Int., 33 (1993), 855.

3) M.Sano and K.Mori: Trans. Jpn. Inst. Met., 17 (1976), 344.

4) L.Hong, K.Okumura and M.Sano: Metall. Mater. Trans. B, 30B
(1999), 1003.

5) E.T.Turkdogan: Physical Chemistry of High Temperature Technolo-
gy, Academic Press Inc., New York, (1980), 5.

6) A.S.Shalabi and A.M.El-Mahdy: Phys. Lett. A, 281 (2001), 176.

7) L.N.Kantorovich, A.L.Shluger, P.V.Sushko, I Giinster, P.Stracke,
D.W.Goodman and V.Kempter: Faraday Discuss., 114 (1999), 173.

8) J.Shan, K.Okumura, M.Kuwabara and M.Sano: Tetsu-to-Hagané, to
be published 88 (2002) June, 306.

263 IR




