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On the Permeability Resistance of Pellets Containing MgO
in the Softening and Melting Zone of Blast Furnace

Synopsis:

Kiichi NARITA, Masahiro MAEKAWA,

Ichiro SHIGAKI, and Yoshikazu SEKI

An investigation has been made of the permeability resistance of iron ore pellets and sinters in the softe—
ning and melting zone, which has large influence on the productivity and the fuel ratio in the blast furnace

performance.

The results obtained are as follows:

(1) The pressure drop in this zone greatly increases as the FeO-containing slag melts and flows out into

the void in the packed bed of pellets or sinters.

(2) MgO addition in the pellets is effective to decrease this pressure drop because, during reduction,

MgO makes solid solution with wustite called ma
(3) By X-ray microanalysis and optical microsco
and Ca—ferrite in the MgO added pellets before r
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Table 1. Chemical composition and reduction degree of samples.
S Chemical composition of samples (%) Reduction degree(%)
. ize
Kinds Brands (mm)
T.Fe FeO Si0, | AlLO; CaO MgO | 60 min | 90 min | 150 min
A | 10~15} 60.53 0.43 | 3.64 1.94 4.98| 0.70 48.8 59.1 76.9
Pellets B 5~ 8| 60.75 0.43 | 3.59 2.00 4.94| 0.73 56.3 69.3 88.8
¢ MgO C | 10~15| 61.30} <0.1 3.83 1.82 5.22 | 1.32 52.9 60.4 78.8
MgO E | 10~15| 59.63 0.72 | 3.97 1.92 6.40 | 1.45 53.0 67.7 85.6
Sinter F | 10~15| 55.43 9.77 | 5.66 2.44 10.45| 0.49 52.7 66.0 82.1
G | 5~10| 55.43 9.77 | 5.66 2.44 10.45 | 0.49 54.4 69.4 88.4
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Fig. 3. Relation between reduction degree and

maximum pressure drop at 1 300°C.
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Table 2. Index of permeability -resistance K of
several kinds of burdens with different
reduction degree.

. Index of permeability
Reduction !
Brands degree resistance

(%) 1300°C | 1400°C
48.8 4.39%105| 4.00x 105
St pells | 5911 | 3117 105| 2:285 105
mm 76.9 | 2.02x104| 1.16x 105
MgO added 52.9 1.64x105| 3.29x 105
pellets 60.4 2.56x 105 2.81x 105
(10~15mm) 78.8 2.68x10¢| 1.07 %105
. 52.7 3.34x105| 2.97x 105
Self fluxed sinter 66.0 1.74% 105| 1.69% 105
(10~15 mm) 82.1 | 7.72%10¢| 8.02x 10¢
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Photo. 3. Scanning images of characteristic X-ray of dolomite-
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mixed pellets.

Photo. 2 (8.Q), (Fe), (Mg), (Ca), (Si) ¥ Photo.
2(M)iz, F#- Photo. 3 (S.C), (Fe), (Mg), (Ca), (Si)
I3 Photo. 3 (M) iwxhFhutcT 56EDXMADE
Vil X O XMEE R LALLDTHS. Photo. 2z
IiE, Photo. 2 (M) orftic H5HKE (U) X T
Ffe (V) ofsicik, Fe ptt@p—icSmiLTw
54, Mg ZBBREDOHS (U) &, Ca BKEDERS
(V) it < 5H LTS, 7,080 Si ik
KEOES (V) w&ifilTwb. DEi, Photo. 31T
XNiE, Photo. 3 (M) OFE EFicHLNhLHE (W) &



Tl

BFERILBEREICRS TS MgO €8 <Xv ., r0B&E

1629

Table 3. Analytical results of chemical composition in the sample pellets by X-ray microanalyzer.

Color of S As oxide
Photo. No. ign
h
analysed phase Fe,03 | Fe;,0, | FeO | MgO | CaO | ALO, | Si0, | Sum
Light grey U — 72.0 — 1.5 2.8 2.4 3.0 81.7
Photo. 2 ) 67.3 — — 6.9 9.2 2.4 5.7 91.5
) Grey A% 63.9 — — n.d 13.6 6.8 9.5 93.8
64.6 — — 2.6 15.2 5.3 7.2 94.9
Photo. 3 White w 98.4 — — n.d- 0.3 2.0 0.1 100.8
oto. Light grey X —_ 73.0 — 16.0 0.6 6.8 n.d 96.4
Light grey v { — — 89.8 3.2 0.4 n.d 0.2 93.6
Photo. 4 (wustite) — — 94.7 1.6 0.2 0.6 0.1 97.2
Grey (slag) z — — 9.1 2.6 39.7 20.0 28.3 99.7
Ordinary A

Core

Shell

L i ‘

P e

BAIKE (X) offissA D < AKBRIKEENCZ, Fe 1x
B—icirfi L, Mg HKEOHS (X) ©daf LTy
55, Ca XU Si B ZOWSITIXTEAETFELT
WL LG,

Lt U, V, W X UXOESy o, XMA
TROWETTL O iR, |MEOEthosHFEER
Table 3R L7zt ThH5. Table 35BS 2
X 51T, Mg 13 Magnetite (U, X) =713 Ca-ferrite
(V) FizHFEL, MBI LXST, TOEHEAPRLD
Tv5. DIED#EREM 5, Photo. 2 (M) 35 Xt~ Photo.

Photo. 4. Microstructure of pellets after the experiments at 1 300°C.
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Hematite (Fe,05) TH D Z & #FERL7:.
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IE & BIRER T IR 5 B S L v b ORI
e k1 LB KT MgO oiRinc X v Gixhs &
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Photo. 5. ScanningZimages~of characteristic X-ray of reduced dolomite-mixed pellets.
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Fig. 4. System FeO-MgO in contact wit

metallic iron.

i, Mg X Wustite B XU J ZHEPIC IS —IC
S# LT, Metallic iron FZidi@ L AEFELT
Wiz Epbrs. £, Ca, Si kI AL Wzl
AERS FPCHELTWS. XMA S5 Ih
1¥, Table 3 TR L7z X 5T, Wustite (Y) H1op MgO
X 1.6~3.29, THY, 254 (Z) vfo MgO &1
2.5% THo7:.

P EDFER» L, Mg E@ERIC—HE X5 7ictg
fTL, —3prx Wustite 12 [E1E LT Magnesio-wustite %
ERRT 5 EE LS5, Magnesio-wustite (¥, Fig. 4
R LicikER > SEE S X iz, MgO &2l xiE
3 %t 3 LR TR 90°CH/< LS. LichDT,
MgO &H RV v FDFA, WL - BRARICI VTR
BITESERA, BEOBBME LYy MTHENT, RHEL
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AEOLFRCIDIDEELLNS.

5. MgO gF~L v Mo k2BIFRE

MgO &F v v POBEFEERGIT, VECEVT,
1969 ££6H »> & Magnitogorsk2? 35 X (X Petrovskii2® &

BFET, ¥R —F 2 FitWwT 1972~1974 4 Hu-
ta im Lenina® DEIFCEE N TH Y, EFFESIC
BERLy MEREEROBBESLV Yy b (MgO:0.1
~0.8%) % MgO /<Ly b (MgO :0.8~1.8%)
WiEM L7 R, Sigko4LEREOEM, 7~ Xt
B ST ERER o m B & RIFEEMABPEOhl -z &
PHELTWS.

YrTR, 1975 47 B Shnd)l 2 SEF (RARK:
3850m3) T MgO £F_Vvy FERHERALTEEL, Ll
TRRT XS ABEFLEEE IO EADREGHE
VR Ly MO 35%, BEREGREY 53% kX UMRSLARIEKY
129 &L, ZOFREGEEEZEZTICVy RO MgO
EREEL 0.3% 25 1.7%* ) E TRECHInE &
THEL, EERIEL MgO §F v v MERREDIFR
B e Uic.

ARETIE, FEEHRI(1)E LT, 1975 44 A 22 g
5 28 Ho 7 B, MgO &H~_ L v MEAMM(I) &
LT 1975 4 12 B2 A» 58 BECo 7 AfMloEES
—REE L. 1 RXO T ORBBREICEA Uk
KXy y FOFZERFMEE Table 4 IR L& ED
THD7z.

Fig. 53 I 3 XL iC B 5B FEF —
2R LICDDOTH DA, Fig. SickhiE, MgO &F
Rl oy bRER L2 I CRIFREENT 0EETxK
ELTED, V/PGERE/ERE) EELRM T D1.55
5 1.65 s b, EREEZEI LB TED, B
BEERBINLI. WoIES, Ly FOBRIENEWT
Lk, ERREZN 0°CHDL LB TEDT
a— 7 AthE FHy 440 kg/t (FHillL 53kg/t) o5
413 kg/t (45 kg/t) WK T 5 & LB TE 7.

PEDXSic, MgO £HRVL v hDEEIC X 2T,
Uy 7 MERORIRRE EMIT T, BRIETANE B T
KEWEF TEORIL - BRI B 285U E /NS

* JFRERC 1 min OEAENOELE | h wbioTES LIl

Table 4. Characteristics of sinter and pellets used in blast furnace.

Chemical composition (%) :
Periods | e ” L A
T.Fe | FeO $i0, | AlLO; | CaO | MgO °
Reference Sinter 56.5 | 8.50 | 5.97 1.94 10.56 | 0.34 87.8 —
Apr. 22~ Apr. 28
1975 Pellets 60.8 — 3.94 1.95 5.07 | 0.37 319 25.8
Test Sinter 55.9 7.80 5.84 2.09 10.43 0.46 86.9 —
Dec. 2~Dec. 8
1975 Pellets 60.0 — 4.38 2.01 5.68| 1.10 332 25.6

Sinter : Shatter index (36) Pellets : Compression strength (kg/P)

— 11 —
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Fig. 5. Results of the blast furnace operation
with MgO added pellets.
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