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Properties of Sinter Produced from Mini-Pellets Consisting of Coarse
Iron Ore Particles and Adhering Fine Mixtures Having Quaternaly Calcium

Ferrite Composition

Takaho OToMO, Noboru TAcucHL, Eiki KASAI and Yasuo OMORI

Synopsis :

A wide range of sintering experiments were carried out in order to use a large quantity of fine iron ore
for the sintering process and to improve the properties of product sinter. Modeled mini-pellets (named
duplex pellets) which consisted of coarse iron ore particles as cores and fine mixture, of which chemical
composition was specified to a quaternary (CaO-SiO;-Al,03-Fe;03) calcium ferrite, as shell layer were
used in the present experiments.

The effect of ratio of shell in pellet and of iron ore characteristics on the sintering process and metallur-
gical properties of the product sinter were examined. The results obtained are as follows ;

1) The maximum bed temperature decreased with increasing ratio of shell in pellet from 50 to 80 mass%,
however, the permeability of the sintering bed was not significantly affected.

2)Reduction degradation property of product sinter was able to be improved with increasing ratio of shell
in pellet as the strength and reducibility of product sinter were kept in high values. These were due to
both that the matrix was changed from glassy silicate to acicular calcium ferrite and that the amount of
matrix was increased.

3) When the ratio of shell in pellet was 80 mass%, reduction degradation property of product sinter was
improved by the use of fine iron ore with good reactivity with llmestone, although strength and reducibility
of product sinter were not significantly affected.

Key words : iron ore; duplex pellet ; sintering; sinter property ; microstructure ; calcium ferrite ; reactivity ;
assimilation.
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Table 1. Chemical composition of raw materials
(mass%).

Size (mm) T.Fe Fe?* CaO SiO; AlO; C. W.
Ore A 61.34 0.41 0.16 5.57 4.30 —
Ore B 0.8~2.4 57.61 0.28 0.13 5.12 2.60 10.85
Ore C ' . 67.64 0.42 0.22 1.16 2.72 —
Ore D 67.87 21.71 0.43 3.02 0.79 -
Ore a 59.35 0.24 0.10 6.60 5.78 —

Ore b 57.35 0.28 0.28 5.01 2.62 10.09

BT Si0, OEE LMK E L., chonFEELD,
WEADHEE T 4RI RV AL HF— (300 mmg) IZEA
L, BB S %255 (22 rpm) BREMBOMEE R T L —
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A, 72, ERTEHELMER SR TS A BHAXHEL
LTHEL, NaEe 4% 50, 70, 80 mass% & X,
ZOEBIOVWTHEF L., ZOKRELD, BRLEED
BA o 20358 80 mass% D&M4T, HMALDOB%EA
2R L FVBUAF TORSERYITY, #AatH
ROBEBIZOWTHRE L. L, ARSAIK e B
BAE*EAL-BAD*HEBE LT VEUNTF I DR
L BEAESL % Ae BEARSSE L £ ¥, Table 2 ICKISLA &
WS DA LEEICE S I =R L y F O
Rt., 23— 27 213 0.8~2. 4 mm 2B L, 4.0 mass%
—EOBREGELL, I =)Ly FEFETHHIZEEL.
2.2 JEREERKE

Fig. 1 KEBOME 27T, HBHEREIIERZE 105 mm,
B 300mm DMEHT Skg BEDOFEHIEATE S,
BEAE 1A > BERE LG - X A HBEH S DR B 1LY
B0, BE5#H 10mm O% ¥ KT —A9%47w, 25612,
FIGE DR BTV 3 F 7 — VI Bkt 2 2655 L IR
Mo ORBEBZ.

% 72, BB O L ICRE =R OFEIE (BXRMEN)
YRRELZ. BHEREORNERERE @A 5 100 mm

Ore c 005 6547 028 018 281 3.8 — (ER), 200mm (F/E) DB CEBANICHEN
Oree : 68.39 0.47 0.12 0.70 1.10 — BB A L ChF o 7
Limestone 029 -— 55.82 0.31 tr. — i 1To7-.
Silica sand 0.0 — tr. 99.70 0.15 — B . o
Bk 3 FEA L BRI Hi L, 9 600°C O F#ZE
Table 2. Structure and chemical composition of duplex pellets.
“ : Ratio of Moisture Chemical composition {mass% )
(’?)i: s€ ]:)lrl:ae shell fine content (excluding combined water)
{mass%) (mass%) T.Fe Fe?t Ca0 Si0; A1,03 Ca0/Si0y
50 7.3 56.13 0.36 7.95 6.16 4,90 1.3
A e 70 9.1 53.89 0.34 11.06 6.39 5.13 1.7
80 9.3 52.82 0.33 12.62 6.51 5.25 1.9
50 8.1 57.82 0.31 7.94 6.24 4.21 1.3
B e 70 9.4 54.97 0.31 11.06 6.44 4.72 1.7
80 9.6 53.54 0.31 12.61 6.54 4.98 1.9
a 10.2 53.43 0.20 12.61 6.54 4.98 1.9
B b 80 12.1 53.47 0.24 12.61 6.54 4.98 1.9
c 9.9 53.45 0.22 12.61 6.54 4.98 1.9
a 9.3 53.97 0.22 12.63 5.62 4.94 2.2
c b 80 10.7 54.01 0.26 12.63 5.62 4.94 2.2
c 8.7 53.99 0.24 12.63 5.62 4.94 2.2
e 8.1 54.08 0.33 12.63 5.62 4.94 2.2
a 8.6 54.02 4.48 12.67 6.00 4.55 2.1
D b 0 10.1 54.06 4.52 12.67 6.00 4.55 2.1
c 8.3 54.04 4.50 12.67 6.00 4.55 2.1
e 8.3 54.13 4.59 12.67 6.00 4.55 2.1
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Fig. 1. Schematic diagram of sintering pot.
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Fig. 2. Effect of ratio of shell fine in duplex pel-
let on the maximum temperature in sintering bed.

__1000 Sinter
Q Ratio of shell fine
T (mass®/e)
a:50

E 750} 2130
L
5 A
‘Z,: 500
a
T 250
[53
3
)

C 1 A L M

0 5 10 15 20 25

Time {(min)
Superficial gas velocity : 30 m/min
Fig. 3. Changes in sucked pressure during sinter-

ing experiments.



686 % ¢ #

% 76 £ (1990) £ 5

H : Hematite M : Magnetite CF : Calcium Ferrite S: Slag P : Pore

Photo. 1.

Typical structures observed in the product sinters.

Table 3. Effect of structure of duplex pellets on mineral phases observed in the product sinter.

Sinter Ae Be

Coarse iron ore A B

Fine iron ore e e

Ratio of shell fine (mass% ) 50 70 80 50 70 80
Max. temperature (°C 1388 1345 1336 1386 1352 1324
Urimelted coarse iron ore @] © © A @) (@)
Acicular calcium ferrite AN Q Q A O (@)
Columnar calcium ferrite O @) O A O A
Glassy silicate (@) A A O O FaN

© : Rich (= about 40%) O : Medium (about 10~40%) A : Poor (< about 10%)

Fig. 3 2445 @ % 50, 80% & L7: Ae BRI TOA 100 60
EORFLILERT. WINOBE bHEORKS, ¥4 ~ |a—28 |3 S
hHEEOEITICHEVWEEVETHEIAZRO NS, £ i : ®:Be
7 SVOBREE 80% & LIREGORIER 0% o%ha L 39

2 3 3 = - b (=} °
= HASOME <, BORERHE SR ICKEA L b kA 2 \.
TOBEMORTEROON LD 5. BT ool 4,0k e

DGR ED DB 50% TEMH 2.2mm THo 720
xt L, R 80% T 3.0mm &MLz L, BX
CHIR L 7- &) ZEAREVETICERT 2 LE 260
%.

Photo. 1 IZAEM 2 BERFHMMBE R . BERHIL 2 MK
T HEWHOREE I, BAHRKEB X OVNBRREEHED
FHIRONY, ZOFAEREIL Photo. 1 IT/RLA3
MHEICKWTE. $2bb, (1)K CF+EURA<
4 FH), (2K CF+2 kK H+2R~v 74251}
(M)+ 25 %7, (3)2kH+2RKRM+277H5HAH
BTdb, InSOFHWHOEAEEITD VTSR
FWCEHEMICEHI L 22#5 2 % Table 3 12777, Ae, Be
Bk S35 12 HRETE 50% T oML, $HR CF 4%
AHIAEIYr— L 2RI A FE2ERE LE
BThHsn, —F, R 80% TistIK CF % F:fk &
LB THA. BEBICBT S CF ORI oWT
DORBEHE? L, ARBECAERLZ CF &
1350°C HECHMBEMT AL FRADLNT VD,
PEo T, MENE 50% TORAREIRE X 1380°C 2

50 70 S0

100 75
\ :\: _.__g__g
75t “\\\\ . 50f
a

50

0

ROL* ()
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Ratio of shell fine (mass )

Fig. 4. Effect of ratio of shell fine in duplex
pellet on the sinter properties.
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Photo. 2. Optical micrographs of the sinters after RDI™ test.
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Fig. 5. Time dependence of relative volume
contraction of briquettes made from fine iron ore
and limestone mixture (Fe,03 : CaO=1mol : 1 mol)
and volume contraction of iron ore briquettes

at 1210°C.
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DEHFEBRAEEBECTHHI L He TR 2 M ELLS
MEMNIT-HHOLABETHA. ORI, EED
BLVEEGrBREEAIBHEATHY, DHEFIED

hEv, DEEATD 1300°C 2B HAHEARIIES
BEHOFHRE (1.6 mm) IKITIFHL L, ZORES
TRIFLAYAMLLAZWZ E bbb, —F, BEHA

DOBATIZ1300°C BT a0 ELLTwD L
BZxAh. 801, CHADHAINBBBICEEL -
IR Xy EMbEmA RS D, U B WA (b, c
WA) ¥EA LHEIMBOSA ICHNEILATEA TY
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Table 4 \Zh 80 O F iR EEHEE(T), #ETH(R),
BICHLE(RD) 2 DFo g cllE LR ERT.
T aABk :2.38~3.36 mm DR A 15g * Hiab o M
FJai2#AL, 22rpm T 200 BEE% DO +2.38 mm @
HERHEZWET .

R#AE:0.85~2.38mm DA 5g & CO # R

Table 4. Results of metallurgical tests for va-
rious coarse iron ores.

* TIron ore R(%) RD(%) T(%)
A 84.8 23.9 94.9
B 89.2 47.1 72.1
C 76.1 38.0 94.8
D 64.1 9.1 87.8

R : Reducibility T : Tumbler strength
RD : Reduction Degradation

Fig. 6. Changes in diameter of
coarse iron ore in duplex pellet
(ratio of shell : 80%) quenched

Quench temperature

- LCoarse iron ore : B Coorse iron ore : C|Coarse iron ore:D
£20 -
E
50 ‘\3::§§ i &$$sg
£ D‘ﬂ Fine iron ore
S o:a,abo:cve
O L [ L - A ] bR - 1 1 e
1250 1350 14501250 1350 14501250 1350 1450

(°C)

at a given temperature during
heating.
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(10.9 em/min) {2k 1 900°C T 1hET L, 1bF5H
XD BIUELRET 5.

RD #E% : 2.38~3.36 mm Ok # A 15g ¥ CO: No=
40 : 60 DRAESFT A (27 em/min) 12X Y 550°C T 1h &
T THEA T, —2.38mm DEEBEHAZMUET .

Table 4 £ 9, Ri3 A, B#AMBOSAICH~NEL,
D #HALEDMEY. RDE D, A, C, BOMEIZE 5.
T 13 B A Mo8AIC KL, A, C, D#ATI
ERREOShZW., ThoofRiE, $REaoBAE, kA
B LRFIREE, b RSrpETsLeE2oN, XD
e BRETEE NS,

3:-3 MEBESIVURESLRAEICIRETHIERMRD
-7 -

NEBRE % 80% — X L72E FVEMALIFIZ X D45
BERLTV, BEAEBXOBRELEMECRIEITHES
HROBBIZOWTHRE L7, ALK S X UL
B & 7 OMAEE LR Table 2 (7R L 72,

Table 5 12 & BEE IS BT ARBANRSEE, RKAKHE,
METMABRE RS L URHBEER L RT. wTho
WaEba— 7 ABEEE 4.0mass% —ETH 5B 05, &
AMREEEEIX 1300°C BEA 5 1400°C BEOM T
NEDOND., BAAFIZH 400mm H,0 A 5 700
mmH,0 BEOB TEHNFAD LI B A, @XM (JPU)
WCHE T AL 25.3 005 18.1 Th o7z, RILFIIER
Peikdh & 1ZITHE L Vv 30~40% THA. LHL, ThbH
DR LR MBEAHEE OBEFELERIR O
v, TI* ik, WTFhoBALEWEERLTEY,
Table 4 |28 L ZRIELHBROBEICRO b AR I
Rohzw, RI* 355~69% OEEATER I ZDOLN
A%, MBEO#HRL OWERBRBIRONT, T,
FEABEBKOBEIROONEERTIAO R V.
RDI* BERSAOHMEE /Sy —2IZXD 20~70% @
HWHECTOBMNRONS. MESODEATEE L

BETIE, NEAEKTORR L EFRCoZA I~
RDI*™ 3fEv. T hid D SR O R b2 E C @D
FERALTO, BRICKAEADREEN LW &
LB boEBEbns, T, MOBEEEE LEBA
TiZ RDI* (CEEFTOLNRL D, HMEREKETORK
BrofiERoonizv, £/, B, CHAZEE L
1BE, RIGHOEY a, e BB AXERA LBHAD
RDI* 38 <, BUCHEO B\ b, c MW A ZEA L2
4o RDI* BEWVWERLRONS. T, BeAiHEs
BREEIBELZBERICHH OIS 2 W,
a, e BB A YRS LHEICIEENK CF oS
AEL, b, c MBHEA #BE L 2BA 103K CF off
TEENEL 2AERAMXERONS. T/, BHA LK
E LA 3o 80 1 SR B R A DR EIE A
v, chid BEEAORE oS AELY Byvzo
LEZONA. LML, WThOBELHFTAEY ) F—

FE2KRATIA POEERBEO EARDSN DL
Loz kX, BERMME RI*, RDI* OBRERE
T2 &, RI* 38HK CF % k& U 7o Mk 0 BERS 81 0°
K CF % Ffk e LRSS Ic~858 . £/, RDIF
34K CF & 414R CF 2" ICH U BHFEET A HE LK
S AEEABR SRS, Fig 7 (CEEHHICHFET S CF
» EPMA S XA EEBSATRER R T. CF oMz
H5® 25CF #ilTh H & HE L7 Ca0-Si0y-CaO-
3(Fe, Al),0; M 12 ZIIMELTH Y, CF OMBIC
ZORRERLULAHEMICLIFEELZERITOORLZ W,
HoT, BHREOHENCF OBEBIZL - TRLAH
H% CFoMKIckosZ Lt IRETHS.

—#%(2 RI, RDI 1A} L3 & A -0l 3 EH o~ -
Vv 2 AWK CEFASET LWL EEbRTnAD, K
WgecuidiL & 51 RDI® ofRwWwiEkgo < b
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Table 5. Effect of structure of duplex pellet on sinter properties and mineral phases in the product sinter

(Ratio of shell : 80 mass% ).

Coarse iron ore A B C D

Fine iron ore e a b c e a b [ e a b c e
Max. temperature (°C) 133 { 135 1350 1365 1324 | 1370 1308 1350 1351 | 1391 1311 1296 1383
Max. sucked pressure (mmHzO) 520 688 572 499 558 496 438 515 506 444 574 382 659
Porosity (%) 42,0 | 454 414 38.4 34.4 | 421 3.2 31.3  36.5 | 41.2  31.7 30.6 32.2
T (% 98.5 97.9 98.3 98.5 93.2 98.2 98.9 98.9 99.1 98.9 99.5 98.8 98.9
RI* (% 68.9 64.2 61. 66.0 55.7 64.4 56.4 62.3 65.2 61.5 58.6 59.2 64.3
RDI* (%) 68.9 47.6 26.6 38.4 55.7 59.2 19.3 72.5 49.2 19.5 33.3 22.8 19.3
Unmelted coarse iron ore (@) A A AN @] O @] (0] © @) (@) Q Q
Acicular calcium ferrite © O @) O (@) (@) Q @) (@] @) Q Q Q
Columnar calcium ferrite @] (@) (@) @) A A O A A O O O (@]
Glassy silicate VAN A A A A A A AN A A iy PN PoN

© : Rich (2 about 40%)

QO : Medium (about 10~40%)

A ; Poor (= about 10%)
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Fig. 7. Chemical composition of calcium ferrite
observed in the product sinters.
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