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Effect of Mineralogical Properties of Iron Ore on Pore Formation of Sinter

Jun OKAZAKI and Yohzoh HOSOTANI

Synopsis : The effects of mineralogical properties of iron ores on the pore formation in the sintering process have been examined from view points of

partical size, combined water content and structure of iron oxide .

Quasi-particles consist of nulear ores coated with limestone (—0.5 mm and the ratio of CaO to ore (CaO/Ore) was 0.1 and 0.2) have been

made by granulating with water, and heat treated by the electric furnace that simulated the heating pattern in an actual sintering process. The

porosity of sintered specimen was determined by using the image analysis.

It was found that the porosity of sinterd specimen was increased with the increase in the combined water contents significantly, whereas

was not affected by the particle size in the range of 1.0-4.75 mm. However, Indian high-goethite ore had low porosity of sintered specimen in

spite of high combined water contents. It was presumed that the martite was converted into the dense structure and the melts penetrated into

the cracks of goethite during heating.

It was concluded that, in order to control of the pore formation of sinter, the ratio of CaO/Ore should be determinted by the combined

water contents of the iron ores as nuclei of quasi-particles and the sturcture of iron oxides.

Key words : iron ore; goethite; agglomeration; assimilation; iron ore sinter; pore structure; ironmaking.

1. #S

RIEDOHROEASIELRT, A - 507 (FM)
O HRISS%, 77 PN ERIR25%, 1V FEGAH
13% Th 5, SMMTITEFY — 94 bELIEENIML T
W3, £/, BRAY# 4 MEAOMBLIZE R0, @
TR UNNGRORARPERIZIHE > T BRNIZHB D, <
T NHAOITERSAKE Smass% BEER L TWAD T,
GROBEFB O [HaKkE 2L EG6T 280 OBE
IBHEEIZEML T L HESEh S,

—7, BRI TEEEAF LTSI, B
REBDFRFHO A e 69, BB R E 2| L ¢
ZUENRDH B, FRHIBE, BEII OV, BESHOKIL
gL BEELBERSS Y, TOXRILSELEETH B Z
EAWMED N TWB . Z 2 THHADTIEMEH, B8
DFIERIZED LS IZBE L Th5D2»2KE135 2 &
L7,

2. REROME
ek &, BEREHLO TILRIZBI L TS < h

TW3, FlAIR, RO KILERFYSILEL BT -2
2 - KR L OBIRY, JTHiE LTS AP D

KA E OBIRY 2ERL-MELEYLH B, £72, &
FidhKPE Z R A REOBREIN T, AR L 2SIk
K42 & DORFERS b5, Iz, $EEHDOLTL v b
BEHGAER 2 5, CaO L DML RIBEFIZ KT 5 K fLid, K
JCRTDFEADKILE TIRE S NS &4 SR & Mt &
NTB™, X500, FEOLEEE & IO K ILE
BOBRY, FEAHEBHND Ca0R T — 7 2RI % DR
MRy 2 =7 —FOEEBEICKITTHEY kLR
HENT B,

LA L, BRSO KILERIC KIET [#iA O SiEs it
DEBENEL 2HIED 50, SRR TCOSIEROE
K& LT, () iahosdfl FEaTIZICRIFTET 55
FLERSEARDOBEAIZEDER L 225FL) . (b) 72— 2D
B K DFHAET S CO, CO,H A, (c) FIKFATIIZX DR
T BCO,HR, KERBTFOND, TIT, giAPICHE
EFNSXAHDH 2, Fifa L CcODRHLRIBD @R T
BT BREPIZZO—FAMDAE Y, BEESLDORIL
ERICEET5LE1256h05, L2L, (b) & (o) i, FI#
AN ET 2 H A TH D, BRSO KILEBIZE
BRERLEVWEHEEI NS,

[IUERIZB 59 2RI, SEEOFOKILE, Ik
ORREICHEAZ T2 EMESA T IR, ZoOfic,
O OK TERHAEMK T 2BILBOERE Zh 6 2

SFRE 1248 H 24 HAZ{

TR 12411 H 1 HAZBE (Received on Aug. 24, 2000; Accepted on Nov. 1, 2000)

¥ B HARBGE (BR) SASBFZEAT (Steel Research Laboratories, Nippon Steel Corp., 20-1 Shintomi Futtsu 293-8511)

94




ABLIEELE I EE2ZIBEELONE. Thbb,
SR T RENNIVEERAEMIAELS D 26
LEEICENEC, 72, FHAbARBOKBRIZERT % %L
AN AL T —H A4 PORIR, FMITKE LA T
5EHEEL

Z 2RI T, BERESLT & b B BB BERS (A &AL
ERIZKIET BT ORI L LT, (1) $EFRE
(2) &E&K (CW), (3) Bt &+ 0 Y, 2h
b OBIZOWTHMM, T L 7.

3. KBRFX

3.1 #EZHEMBADMRK

FEERIIHR L 28 fid, BE 2 5 UM A e O PRI
DREBEDERAL, TIVLEIBIL, MEBEHOHA
A (HEBEBEIEOA) L 2LHDOEAB (APE L JLEE
AB) BEAFE., A=A FFYTEOANT I MIALL
T, 2LELELC (EMNELILEHAHC) L#ACK
DREFEERGAD (SINEEEEIAD) #BAS, EY
A4 MEARELTE, BET7ALIFOHEAE (&7 0L 3 FE
GE) EET7AIFTOEAEF (K7L 2 FHAGF) &EA
7o AV EENGIE, B —% 4 NEADEAG~T (F)
BETY —H A4 FHEAG~]) BEAL. BBILAOREIL,
1.0~2.0mm, 2.0~2.8mm, 2.8~4.75mm® 3K & L 7=,
Table 11280 A~T 0 2.8~4.75 mm A7 7D L EK 5 %789
BECWIZDOWTIE, Sih ORIl 2ATE 5 k512,
CW(mass%)/T.Fe(mass%)(CW/T.Fe) C#E /R L7z, T4 5 DN
KD DA & GHMEi$ 5 2 & T Bl RO XTI K
IR THMREOREAHEIC T Z & A ilA 7.
3.2 W FIEBRAER
REBIIME? SFCL, ihfikfiEHOEZET
JUHRLRE 112 & B v FesaRgsenk ([dfk) FEEE4 R L
7oo FEBRFEEE Fig. LR T, HORFIE, SREDOHA
1205mmBL FOHIKA % FER & L TKTER L TR
L7z, CaO/$ifiD Il (CaO/Ore) (3, FEHERIA RN
PEET01B8XT0202KEEL LA, ZOFEFIELK
FANE20mm, & X 15SmmD NigL Y FISHL£EL T,
BRI TI1300°C £ TEIRMP THMAELL 72, BERITHE
BEAEREO e — /Y a — VITEREE, 1100°0CH 5
1300°C £ T# 1 525 THIR L, 1300°C A 5 1100°C %
THEIGBNGTTHAIL 72, Z0#%, HH I 48 XUF
PHED ML THA L, EHEIRBUZ > TiE, LY R
26 SmmOME 2 VI, 65 LTIl L & & Blsg
L7, £25M50MmEMA™SES & mi{$ i 2 & 0 B AR S
D100 um Ll EDOKILE % K& 72, KL RS 1A it
(Fig. 2 AR B - 728B5) 123 5 &AL RO e THoR
L7,

b3 SHURDITEIN, 25 S, kS NI IR REIK UL NV HE 7

Table 1. Chemical composition of 2.8~4.75mm particle

in ores.
(mass%)
Ore | TFe Si0,  AlLO, | CW/TFe*
A 677 | 126 | 082 0.009 |Brazilian -
B 67.5 047 | 077 | 0.023 |ores
C 63.4 346 | 194 | 0048
D 637 | 393 | 203 | 0031 |Australian|
E 57.5 5.23 255 | 0.147 |ores
| F 58.8 4.66 1.06 0.140
G 60.4 3.62 2.11 0.077 |
i H 61.3 3.00 2.92 0.081 !Indian |
[ 60.5 395 272 | 0084 ‘ores |
‘N J | 602 ¢ 291 | 3.02 0.090 ]
%1 (=)
Air
-0.5mm Limestone l l ' 1c
. (PR 13)
g - |— Electric
] furnace
Ore size=1.0-2.0mm, n
2.0-2.8mm,2.8-4.75mm )
— Ni-vessel
Ca0/Ore=0.1, 0.2 (15X20mm¢)
Tmax=1300°C
1100°C—>1300°C=1min
1300°C->1100°C=3min
g | —Reaction tube
(Alumina : 42mm¢)

Fig. 1. Scheme of experimental apparatus for assimilation
test.

P:Pore U:Unmeltdre

Fig. 2. Microstructure of sintered specimen and range of
image analysis.
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Fig. 3. Effect of particle size on the porosity of sintered
specimen.

U:Unmelted Ore P:Pore

Fig. 4. Microstructure of ore A and ore E after assimilation test.
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Fig. 7. Effect of the ratio of combined water to total Fe on

the porosity of sintered specimen.
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Fig. 8. Microstructure of specimen before and after heat-

ing up to 1300°C.

(a) Before heating

(b) After heating

-

Fig. 9. SEM image of ore G surface before and after heat-

ing up to 1200°C.
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Fig. 10. Change of the porosity of ores before and after
heating up to 1300°C.
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Table 2. Degree of decreasing the pore volume of ores
after heating up to 1300°C.

(ce/g)
i Particle Before After AV (%)
\ size (mm) | heating (VO) | heating (V1)

‘ 0510 | 0.131 0.056 -57.3
t OreG | 1.0-28 0.082 0.051 -37.8
: 2.8-4.75 0.095 0.061 -35.8
i 0510 0085 0.056 -34.1
| OreH | 1.028 0.105 0.095 - 95
28475 ' 0.097 0.064 -34.0
0510 0.099 0.040 -59.6
Orel 1028 : 0088 | 0051 | -421
{28475 0110 0.091 -17.3
! 0510 0098 | 0.062 -36.7
{ OreJ | 1028 0091 | 0.069 -24.2
‘ 28 475 0089 | 0.074 -16.9

AV (9 o) ((V1 VO)NO) X100
Pore size : under 200 £ m

(a) Before heating

(b) After heating

g0} Ore G | f\/
60 |- /

Pore distribution (%)

100 10 1 0.1 0.01

100 10 1 0.1 0.01

Pore diameter (1m)

Fig. 11. Change of the pore distribution of 2.0~2.8 mm ore particle before and after heating up to 1300°C.

(a)Before heating

(D) After heating §

M:Martitué’ G:Goethie P:Pore

Fig. 12. Microstructure of ore G before and after heating up to 1300°C.
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Fig. 13. Behavior of the assimilation of the Indian high

goethite ore.

Fig. 14. Microstructure of ore G after assimilation test.

F—F A b AWET S, (b) MEUZ & 0 SEADBE LA

3, () ERULZANY T LT 2T 4 bCF) RELED
A PFEBROEEL 2 EISRET 5D T, %FW
AR CHY 5N 5, (d) SR ESOBELIS
w%mﬁtmﬁmﬁwwéhé,&t#@@abf%z
5hiz,

FIEES — % 4 b #hA GO EHL &A% Fig.14 1289, “E
B U 7B S ICHNCIE L TR 6, IREITIEO M
FlzAns L7 x4 FAERL TSRS
oo ZO®ERIE, FELO (), d) DHEEE B —HL T
5,

Bk, BMEL XV T 7 VVEHALICE, Eﬂ@’f—’o‘%
MR K 9 A ERAL SRIEE & H DS I3d &:A/E@Rﬁ
o, MBS A HERSTR O S RIZ 8 & K iﬂ‘

@MW%?~#4%%E@%&T%D,%@%@
TFekD i RKENVEWVWAS,
4.4 SLASMDSSH-BREEATILFEEOHE
Bi2lT, SRS B AT BERE TR O LT O HIl NS
OwTEF%mﬁéu
B RO IR A SIS 5120, BT x58h%
EINLC, BOR TS ARG A Z e A E L, i
LK 7 D CaORE L BT REELEA LN/, Fig. 7D
K59 & CaO/Ore & BERE R KALEOBIRICEM LI L 72D

X Cw/

99

MRS S50 SRIUIRA T RIE SRR SIS E D 2 E
&
5 40 [Pore size: +10!
£ gl Pore size:+1001 m
3 F e
o 30t
[}
® B N
L 20t \ /CWfT.Fez0.04
= CW/TFe<0.04
— A
> 10t Dy g
2 CW/T.Fe=0.07-0.09
s O \ . )
& 005 010 015 020 025
CaO/Ore(-)
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tered specimen.
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