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Formation of Metallic Iron Shell and Its Mutual Cohesion
during the Reduction of Iron Ore Pellets

Synopsis:

Kiichi NARITA and Masahiro MAEKAWA

An investigation has been carried out on the behavior of pellets during the reduction in the lower part of

blast furnace.

Pellets samples taken from an industrial blast furnace werc large and very hard masses,

whose section showed a zonal structure;a spherical envelope of metallic iron was formed in the external part
of each pellet and unreduced core remains in the central part.
When pellets become such a large mass with unreduced ore in the blast furnace, this core must be reduced

by direct reduction in the liquid state after melting of this mass.

In consequence, the blast furnace per—

formance becomes undesirable, with an increase of coke rate, for example.
We have studied therefore, in the first step, on the properties of pellets samples taken from the blast furnace
and, in the second step, on the condition on metallic iron shell formation and its mutual cohesion in order to

obtain the fundamental data.

The results obtained are as follows:

(1) The chemical analysis and microscopic investigation into the pellets taken from the blast furnace shows

that the shell consists of much metallic iron, a little wustite and slag.
the other hand, the core consists of much wustite, and small amounts of metallic iron and slag.

ing point is 1 360°C.

Its melting point is 1 560°C. On
Tts melt—

(2) When a pellet prereduced to wustite is reduced by reducing gas containing 30%CO+70%N, at
1 200° —1 250°C during 30-60 minutes, a dense metallic iron shell of about 1.5 mm in thickness is formed.

(3) Strong mutual cohesion takes place among pe

llet particles, by heating pellets having metallic iron

shell in the atmosphere of N, at 1 250°-1 300°C during 30-60 minutes under a lord of 1.0 kg/cm?.
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Photo. 1. Macrostructure of massive pellets taken

from blast furnace.
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Table 1. Chemical composition of pellets taken from blast furnace.
I T 5
T.Fe | FeO | M.Fe | SiO, | Al,O;| CaO | MgO' C Mn P ﬂ S (+Si102)
. \ 7 i ]
Unreduced core 69.35 | 70.48 | 4.02|2.89 | 1.60 | 3.65 | 0.62 | I e - —
Metallic iron shell | 80.04 | 8.80 ‘ 75.24 | — - — — } 0.20 ] 0.16 H 0.036 | 0.149 ] 1.56
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C : Slag (dark grey)
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Photo. 2. Microstructure of massive pellets taken from blast furnace.
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(x20/23)

Photo. 3. Melting point of reduced pellets taken from blast furnace.
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(1) Fe:99% Si: 99%
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(3) Cayp in Caro(PO4)s(OH):
Fig. 1. Change of intensity of Fe, Al, Si and

Ca-K, on the section of pellets taken
from blast furnace.
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Fig. 2. Relation between reduction time and
reduction degree.
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900°C i EoiEIcHifE X 0 DIKL £ 5. X STl
BEAR1230°C 7% LRTHEEIRVWH US LS L 7

D, 1250°C TIEm®I3 50 min ¢y 109 rign,
50 min AR TTHRIIE & A EZHbE P5RITrm A o
5.

Fig. 2R LARTTEBROER, D, Ry hd wu-
stite—metallic Fe ~@# 2E75IE 900~1200°C nig
BT S WTIREEORE & & DItH#ET L,
Fe oAk E T BT BMML TV L A3, 1230°C 1)
LOBETCHWCE, Ruvy FONEROSESZ R
YEYTTHEEDIT, 2T FEXT wustite FHDEK
Bz X3 E bz X 2T, Rvy PASB~NETHT ZAGE
WLIZK K7L 7%, EXHERTE IDEHEZ bh
5. AL XD ERERHEITEAES TR WHE

metallic

90
Reduction time (min)
Photo. 4, Macrostructure of reduced pellets.
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SNHZ B EFELILNS.
FeO(1)+C(coke)=Fe(1)+CO(g) ----- (1)
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Photo. 5 I3 2 DEM T TIELI N L » F OB
DN FRRHBRIME R L2 DTH Y, RL vy hOst
AR CIIER{LERIZIE & A X+~ T metallic Fe iz & T8
TLENTV DA, Hihld wustite QERPEIZ 5 & & 332
DHNDH. Fic Photo. 5 1z X%k, BLBENEL L
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Photo. 5. Microstructure of reduced pellets.
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DTIFEAEZESLT 2.4~2.6 THB, 1200°CTix

Apparent density

Fig. 3.
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3.0~3.2, 1250°CTix 3.8~4.0 17y, 1200°C D)
ETRAPTREDCBERFEIVWH UL LI AEL L
5. ZOZEEI12000CLETRVY bDY L&Y L&
DEENRKEL, TOERERL» bBEE{LL, SILR
BPTHZEEZRLTWS. 4 Fig. 4 »oEECE
LT B5BE, (U y FOBRPITHEILNSTREAE &
B EDEDT/IEI BT EHbrb.

3:2.4 SBEREZAETHRLy FOFSEERER
EEHEFREFTEy MORBERIIULOERGE
REDLEILT, wustite FTCFHETLARLV Y b %
CO-N; IREHF R (CO:30%, N,:70%) % 151/ min
LT, 1200°C - 60min BEEL, X4 1.5mm

DEEFBEFTEHvy FRERLT, 2oLy b
R THTho.
EEGFREATHRLy MY 100g #ANFE 60mm ¢
DIHEAFIE (SUS 42) oFmERIcAh, N, ZHE%H
TEDHE, BERSICHMEOL LcmELx. 2o
& EDFERBREME Photo. 6 ZRLI-ELYVTHS.
Photo. 6 I3 ERDLERB ONIEFE <V y FORIEHD
ERMEREZ R LALOTHY, Zhic X5, ME
0.8kg % 2T, 1200°C ¢ 30 min finZh L7184, ~
Ly b ORIFEOBREI/INXL, £EHFEETENSD
WA DB T Y. L LARLHE 1 kg/cm? 0 3
&T, 1250°C ¢ 30min jnzh Lasaicil, &Ees%

Experimental condition : Atmosphere : N, (%20/23)
No. i 3 4 5 6
Load (kg/cm?) 0.8 0.8 1.0 1.0 0.5 1.0
Temperature (°C) 1 200 1200 1250 1300 1300 1300
Time (min) 30 390 30 10 30 0

Photo. 6. Zonal structure of pellets after cohesion test.
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Fig. 4. Shematic reduction process of pellets in
the blast furnace.
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4. & #®

Ry FOBFFERIC K 5ETARE, Fig 4R
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SREED AR AN U E 5. wustitesmetallic Fe ool
BRI P EY T HVITEDDT, DOHFECEWT
1X wustite OFESBERILTWSE I LIZED, ZDOXD
BAREBIZ H B Ly MIZ OB I NLEHIT I DT
SEDSEDBREERLWENENSE L LN D.

(1)
W LTHETL, (Vv y b OLYERS—FRizmetallic Fe
FCRITEINDD, metallic Fe ~DRROBEICH
BLRE ECRELTBML, B2y
T 5.

(2) wustite OEMNEE TS L » A wustite k5
LIRS yoRAT TS h, vy FPRED
wustite 35X OWIHAR 5 V¥ 2SBRLLC, €B&FER Lk
LTHEHHRETS. 2nXS5 LT rvy b LoH
L7z wustite 5 XU FeO 2L BREHTHPR T &
Wi — & RAEREFR T+ Mz metallic Fe [0 2 TiETE
ns.

BILH ZiC X 5 wustite—metallic Fe 0358

1451
(3) wustite DENEFTH vy FBESL, P
ETTCEBHBRPRE L TREVEREZERTS. -0

BAE, £y hOEGERO wustite 3 X UR T 7
BRIL7cE LT Ry ORI TE R VDT,
EHIRDO RV P REXBRMT S T TRERITLINL V.

Fig. 4 (b) (1), (2), (3)ixtko (1), (2),
B oHEEHERNCERLALDDOT, PRI Frd
EH L VKD DDOTHD. FFETHE LAEHRIKRDR
Vo b, BHRICOBFRERSERE b Lt ThiE, (3)
BRERTERLADDEEZILND. ZOHEVEF
BECSVWTRDIEALMBELIL DY, ERETHELOL
7o vy bOEBIRILEH  (wustite £ TPET L
Ly b%& CO-N, BE&H A (CO: 309, N,:70%)
I & 9 1200°C € 60 min 850 L &BEFRE AKX,
ThiczoRvy bEFHWE 0.5~1.0kg/cm? 03 LT
1300°C iz 3T 30 min Eihndhd %) 1EEFEENICH
LNBEHIDTHBEDT, by bOBETHEE, PRSI
R X 2T, XLy POEEFEFNCERIK LTS
REEOH L LETRTHIOTHS.

L LMo ZOHRITR L v b EEEE & DR
ANV y FOFARASHIOHRE, SSCHRCE
WORTGEREZRI LKL WX 5y bOILERS
(BPlxiE MgO, CaO/SiO,) 2FET L L7 ik D
ik cE s &FE2 505, T7dbb Photo. 7 32 Ly
b LR DREEAC X SHEETLERICI VED
NHBONEER LichDTH B2, Zhic Xhids:
B EF T vy MR BB ILORF O RET
5DT, by MUTHEORMBEIECHELI LOTWD.

Fherrvy VEBFREATSSER, 7—~v FTL—
FEtSRERLTR Yy FOFERNTOREZ LT
W, ERbERCZENTER LEZLRD.

Reduction condition®? :

temperature 200~ 1 100°C
gas CO 30%+N, 70%
18 1/min
Sample pellets 5095, sinter 509

size 10~16mm

Photo. 7. Pellets and sinter mixture after reduction
test under load.
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DERTARV y MRAARET NI, HEBEVWIBEERS
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T, BHKILABE MM XN 5 T T, BihE T metal-
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ERTRIIRL LB LEZILNS.

5. ¥

LA EDOFARL SO EBSRIT LWEBFFANIZ S W
TE&BHREER LcDbL, & X 2T wustite i
ZEEFETHRETCR VY FOMERSENIRT b, Hf
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