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Improvement of Softening and Melting-down Properties of Iron
Ore Pellets by means of Two-layered Structure

Katsuhiko INOUE, Tsutomu IKEDA, Toshiyuki UENAKA, and Masaru KANEMOTO

Synopsis :

The liquid phase formation process and its effect on softening and melting-down properties were in—
vestigated in a synthetic quinary MgO-Al,04-8i0,-CaO-iron oxide (or metallic Fe) system.

The increase in CaO/SiO,, MgO and also in T.Fe was found to be effective to improve the softening
properties at the wustite reduction stage by increasing solidus temperatures and by reducing amount of
liquid developed at solidus temperature, respectively. Even at reduction stage of metallic iron, where
network of iron sustains the deformation stress, liquid formation in coexisting silicate phase was also found
to affect the softening and melting—down behavior due to subsequent increase in mobility of iron atoms.

Utilizing the topochemical nature of the reduction of iron ore pellet, softening and melting-down prop-
erties were found to be improved significantly by means of two-layered structure, where chemical com—
positions of the core and the shell parts are chosen to have as high solidus temperatures and also as little
amount of liquid developed at the solidus temperature as possible at the reduction stage of wustite and me—

tallic iron, respectively.
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Fig. 1. Experimental procedure to investigate the
liquid development process and its effect on the
softening and melting-down properties of the
synthetic quinternary briquette specimens.
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Fig. 2. Variation of the constituent mineral com—
positions during reduction of dolomite-fluxed
pellets.
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Photo. 1. Change in microstructure of metallic shell part and wustite core part of
dolomite-fluxed pellet during dynamic reduction.
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Fig. 3. Result of the reduction test under load of dolomite-fluxed pellets.
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Fig. 4. Effect of MgO and CaQO/SiO, on the
equilibrium phase relation in the synthetic quinter-
nary system at 1250°C in air.
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Fig. 5. Liquid development process in four re-
presentative quinternary systems at the wustite
reduction stage.
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Fig. 6. Liquid dévelopment process in four re-
presentative quinary systems at the metallic iron
reduction stage.
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Fig. 8. Effect of chemical composition on the softening behavior of briquette specimens

prereduced to the wustite stage.
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Fig. 9. Effect of CaO/SiO, on the softening be-
havior of briquette specimens prereduced to the
wustite stage.
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Fig. 10. Effect of T.Fe content on the softening
behavior of briquette specimens prereduced to the
wustite stage.
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Fig. 12. Schematic representation showing the

mechanism of improving the softening properties
due to the increase in T.Fe content.
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Fig. 13. Effect of chemical compositions on the
softening behavior of briquette specimens with
high T.Fe content prereduced to the wustite stage.
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Fig. 14. Effect of chemical compositions on the
softening behavior of briquette specimens prere-
duced to the metallic iron reduction stage.
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Fig. 15. Effect of temperature on the carbon
concentration in métallic iron formed during re-
duction under load of dolomite-fluxed pellets and
lime-fluxed sinters.
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Fig. 16. Effect of MgO and CaO/SiO, on the
softening behavior of briquette specimens prered-
uced to the metallic iron reduction stage.
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Tohs, AT VRIS — R Vv EREEN 5700, &2
RERET ORI DE 2 bh b, Fig. 16 KBER%S
BEOILFHBRKFLEYRT. MgO=0.5% Tix CaO/
Si0,=1.6 T RERAERE NBAL D Z L L
T, BUOEBDRERRLFALED2TWS. ZhidELK
X AP O TR IUES CaO/Si0, o EFMoER
BROLLI—FTS. T MgO=1.5%7131Ca0O/
SO, X LTHBIHE BRE L (€. MgO 11w
A s A b BE TRkt m L e b0, B
BEOBIEBREXET IS HEAYFS. ZLET
fili > 53 v B BEREEAE R R 5 MgO pghRmm & 3

B U CHBREEL .

AR AR 5 TTHRARIO iE2EENC BT 5 BB
K, EHILRE & HIBRFCHEMEE TR, Fhick
PEORCHROBHCABRRT IR DRBOL L, +
~DOFEHD BRHECILEYS <EL T35, Fig. 17
CEHRRRE & M—HED AIE<vy D l-pellet
T X5 AMAERTTRRER YR~ [NEHBRAKRE
TASA b, LEERTTEREE O PRI EE LIER,
BEETETCIY v 224 rRBCELULE, GE, 5
BICE T b IBSRETCEM CHEL UicBihart &
MRS, LK, BOBLRECHENS DD, &
FHEBXFRD X > WWRRICEATA40, REEBELO
RO EFIENIEELFEEE LTEL LR, 792
A4 FEROFERMB X8 shell Sh~DiHI & & e 5 R
I RBEEDOBRRIRTCTEELY 5% TR EL B
N5, LIEHOTEHEERTOMBIBEEDO= L, Dt
AL DYE I A0 < & L ERRITIERTEETH D =
EXRLTW5,

load = 500g, 10°C/min

T.Fe=60"
Ca0/Si0z=1.3
— Mg0=05%
~—— Mg0=15"%
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o
(=]
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Fig. 17. Comparison of the softening behaviors in briquette specimens prereduced to the wustite
and metallic iron reduction stages and spherical pellets reduced dynamically under load.

Table 1. Blending, pelletizing conditions and chemical compositions after induration
for the iron ore pellets with two-layered structure.

Pelletizi Chemical composition after induration (wi1%)
Blending elletizing
(%) T.Fe FeO MgO Al,0; SiO; CaO sciioo Dimension
3
Raw materials |Blending%
Core Peru PF 48. 4
art MBR PF 48. 4 54.3% 66.56 <0.1 0.41 0. 46 1.18 1. %0 1.61 9.1 mm¢
p limestone 3.2
2-layered pellet 0
She Mt. Newman LGO 79.5
part | limestone 20.5 45.7% 52.54 0.57 0.43 3.19 7.96 12.75 1.60 1. 2 mmt
Whole
pellet 100. 0% 60. 66 0.36 0.43 1.85 3.4 6. 55 1.66 | 11.5 mm¢g
Homogeneous homogeneous blending of raw materials| homoge- '
pellet | for 2-Tayered pellet neous 59.75 0.36 0.44 1. 96 4. 60 7.52 1. 63 11. Smme¢
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Contraction(®})

Reducing gas: CO/N,(30/ 0)
: 500cc/min

Heating rate:10°C/min

Load :500g/p

1

Two—lalyered pellet
homogeneous pellet
lime -fluxed sinter
dolomite -fluxed peliet
lime -fluxed pellet
acid petlet

A wWwN -

1
10300 1200

I 1
1300 1400 1500

Temperature (°C )

Fig. 18. Result of reduction test under load (I-pellet method) of the iron ore pellets with two-
layered structure compared with those of various kinds of processed iron ores.

Table 2. Chemical compositions of the pellets and sinter for reduction test under load.

No Processed iron ores Weight ratio T.Fe Ca0/Si0, MgO Al O3
2-layered pellet whole pellet 60. 7 1. 66 0.43 1. 85
1 core part 57.3 66. 6 1. 61 0. 41 0. 46
shell part 42.7 52.5 1. 60 0.43 3.19
2 homogeneous pellet with chemical composition near No.1 pellet 59. 8 1. 63 0. 44 1. 96
3 lime-fluxed sinter 55.6 1.91 0.7 1. 67
4 dolomite-fluxed pellet 60. 8 1.35 1. 49 1.41
5 lime-fluxed pellet 60.5 1.18 0.52 2.24
6 acid pellet 62. 44 0. 16 0.15 2.65

3.4 2EMEAL v b ICE B HRILRBHEONE P DINBEICRET 5. 2 BEILT X B SR LR

Bl X > wH—EIR T, vAxAL b, @BESET
ERPE v 365E L OB b e B i R FFE Lis w2 &k
BB Banted T, FARY I AACHETTERVy FOETT
B2 BEBREFA L, BLToBRLPOE TRy A%
1 BT, EETCSBHETBRECEY, BRRIETH
B oh—H v EEMT ARG BIRTERIE T, B0
KOMEKL, BFF%bCENALEHRVEE L 28
BE-r, FRREL, vy P OB O
EHh AL 7, Table | WREKHAES, BhELH, FRBOEL
AR ATRT. PO EMMESEEEE Ve =1 + X
T BRIR Y HER E Licb D% 9mm Z08E8 L i
%, BEERMY 1 PREREBKAZEALICLD
SR Lic. SMASTER 1L CaO/8i0, = 1.6, &
MgO, {& T. Fe %Rvr, EIE =SBETEBRERE
F L. v, SMNESO R, 1) FHHERDT. Fe
BB Fr=A bry b EFAKE (K 60%) &35,
2) AEBTLLIEE, SEHKY 224 P BTEMED
¥ ¥, EHSEECETSZ Lol X 5 INEEORE
ZEBHHL THIORER LE. TOFER, vy b
B 11.5mm CiNEHc T. Fe=58.8% O{EgkRAL
REFERITAI LY, MEROEZL 1.2mm
WLTHoENTE., CDELERAT IRYDIRITY

T, F—LEFEROB—EE v, t bR
fE L#-. Fig. 18 1= l-pellet iz X » REMERTR
BARE R A A MEPERSL (Table 2) DR EFFRT. 2
BiEES vy MIA—LEEROB —HES vy N
LT, F—ERLYRTRE T 30~50°CoHENLD
i TR ERCRAEMBEN A LI 2T X
D, B X AKILOMAER X 2R ITEROBNSZR DL
i, X LRANEHMBEROmEEEL, & T.Fe{fbiz X
DI HIRE I PEREL & R —KEE L igD7e, BERREED
BITHERD 5 b AR TOMRLBERR: O & HERE,
YR X b JEEEROEE ML ST A EHAEF
DT, BEEOBRTHEROFEFC L OB —EEDCE
2 IHERATRETH 5.

4. &

BLEW, U, ERLES, BOEL SRR
D EER TR CHEECEGR T L MKRAEREY MgO
-AlLO;-Si0,-CaO-F bk (X3 &EE) A S TR
T Beikee, MgO, Ca0/SiO,, T.Fe % JAHiC
X THEL, BeitiEes 388 o0nT
B LR, komRE¥Ei.

(1) wAxA RTERE T Ca0/Si0,, MgO X

o
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