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Evaluation of Coarse Ores for Sintering on the Basis of Their

Mineralogical Properties

Synopsis :

Yukihiro HiDA, Kaoru ITO, jJun OKAZAKI,

Minoru Sasaky, and Yoshinori UMEZU

In order to evaluate the coarse ores which become nuclei in quasi—particles and unmelted particles in
sinter, their mineralogical properties were investigated.

The granulating ability and the reducibility of coarse ores were characterized on the basis of the po—-
rosity of pores with diameters smaller than 100 y before and after rapid heating up to 1 350°G, respec—
tively. The fusibility of a nucleus particle was determined according to the recrystallization degree of
hematite grains after heating, which was related closely to the porosity.

Sintering tests were carried out by using some kinds of quasi-particles which differed in the porosity
of nucleus particles to clarify the influences of the mineralogical properties of coarse ores on the produc-

tion and the quality of sinter.

The productivity was reduced with increasing the fusibility of coarse ore as a consequence of the de-
crease in the permeability of the melting zone in the sintering bed and the strength of sinter cake. The
reducibility of sinter depended on that of coarse ores.
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(1) Ratio of breadth/length was measured from the projected
shapes of 20 particles.
(2) Raggedness of a particle was investigated by the observation
of hollow size (Hy, H;).
(Stereomicroscope of 16 magnification was used.)
(3) Roughness of the surface and grain size of hematite were

observed by the scanning electron microscope of 500
magnificant.

Fig. 1. Characterization of coarse iron ores in
raw mix according to their shapes.
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Fig. 2. Schematic diagram of method for mea-—
suring the water holding properties of iron ores.
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FoRTHCOWTIE, FHREEBFERBEFOSLDZ L
HBH LN TWBD T, LILOMENTEE Lcikio 100 g
DFoSABFENETH S X D FHE L
2-3 BHEHER

BEREHE D S BT & R EEME W RUE TR T SRR O S
OFERTER T 5 foddiz, B LT 2 FoT
BEREER AT L Lic. T, BRFOSER
RIEVY 2~5 mm, o FEHEAAHED Xv0.5mm BT
CHE L, %EFAFOR/BOEEIT 4/6 L1 Xb
R D REY 1B —FIZ 27z, KFfLT
SR OEEMENDERIKY > 2% HML THER L
fo. #ERENL—EE T, 2—- 2 A¥BRLERFO

center of (b) and (e) Ore Aweeer Group (1), Ore C
Photo. 1.

Table 1.
properties related to granulation.

FeO X s VA& — VY C 3.5% Wik L, =—7
ARENE S L. SiO, 1T 5.7%, CaO/S5i0, 1% 1.48
Eied X5 O AKE, BREARZIRIN L.
PERERER LT, ¥ PRRRIGHORGE TS DixT§
FE PN B DI, BEHWONEE 60mme /N UEEE
$x o T, RSO ENRL Y BEERCIE L, =
— 7 AR 4%, B2 450mm & L, BE|AFIRAK
2min ML T 3% ¥ it 1000 mmH,O, Foni%it 1500
mmH,0 g0t D¥wre, 4, #RTT W o 5F M
, BHE300mm¢ PR LTT o>, RB &M
i, =— 27 A 3.5%, BE 500mm, SKEORBIA
FEix 1800 mmH,0 ¢H 5.

ﬂ ﬁ)

(a) (d) Secnonal plane (b) (e) Scanmng electron mlcrograph (¢), (f) : Rounghness at the horizontal

Group (II) (Table 1)

Classification of iron ores according to their shapes.

Classification of coarse iron ores in raw mix on the basis of the mineralogical

Shape of particle and surface*!
Group Breadth — Water holding*? | Pore vonlume*” Granulating**
Length Raggedness Roughness anll'::msaltziie capacity (cm?¥g) ability
s 0. 55%¢ Plane Smooth Large " "
(1) (33 ¢Smally (No hollow) | (Few holes) (20~ 5001 0.233/3.07%° 0.030%° Small
() (4) 0.69 R clatively Rough Very small 0. 268/2. 95 0.025 Refatively
Rough
(m) (2) 0.72 Ragged (Few 1oles) Small 0.245/3.20 0.053
Hw ; 200~ 500 - Intermediate
H ;100~300x gne]la;;\}:ely Relatively
(V) (4) 0.67 with holes large 0. 278/3.09 0.055
of 2~5p (5~20i)
Very ragged Very rough,
(v) (2) 0.66 Hw;100~500z with holes Very small 0. 390/3. 65 0.120 Large
H, :200~500z of 5~ 10
#1 Measurement was shown in Fig. 1 *2 [Max. water content of packed ores (—)1/[Time required for vaporizing the water

of 1g(min)) ¥3 By mercury porosimetry

*4

*5  Number of ore kind *#6 Mean value of each group

Considered from the previous results1?~3),82~10> and experiences at sintering operations
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G ERF oW & EEBHEGH O KEF|% Photo.
1 WRd. SRARRFEC~<2A MERBIZKEL,
EEILFEBRCTHD. FRCHERTEECIARLD D,
INEfg~= s PREBRTRERRAEEYFTS. &
DY S5 ROTRIIEHC X oTESTW 5. 10 &
oA, Fig. 1 @Rl X 5 cERE, HEARIR
b Table 1 DZEL d 2D /-7 HTHE
MTER. “hb¥— LT Table 1 R3.

rr—7 (1) OREHEHEZRLAHE Photo. 1 ©
SRACRLNABDTHS. chi®LTsr v — 7

()~ (V) o#AI: Photo. 1 & HC (FAr—F
() o LIS DD, RFEERXZhbOBTIE &
AEEL LW, L L, ERPcERERETELDT
$bh, (II) Xvd (V) OFIMEME LY. (D),
(V) Fh bR A %A, BMEBERIRK TEV 2K
Z\» (Table 1).
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Pore volume of raw ores ( cmd/g)
Fig. 3. Relation between shape, water holding

capacity and pore volume of ores.
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Fig. 3-(2) &R\, RFELKFAEGOMITN
BRcBIEMERD b, L LZOR» B, K[ILEISE
Won—7 (1) OERTHEL, (V) TiEkE v
Ehbrnn. ¥R, Bfo (b) RKE, (c) &R
HE L GHESOBRE S hEETHY, BRTOD
KB A S HIZE T & B KILEIS CRHE LT b i2iEfE
EVITVEEL BRD. K- TR T HEFEKELS
KALEIE DOFHEL, B Table | wRELTHS.

UFwr, &£71r— 70K & LToBR M 2w
T, HROBEEEXSEF W LT LTAR . EiiEl
BF T, BRSO X 57, ERMCIIAREYHO
TWTC, FEICKAEE~ZZDHDHERT TR o35
Bi% <, RPEEADOFRE CRI S ThTHDY.
WEEIEROE (g ERL L0 T, FTFRIBRT
gl -7 (1) BBRFELTHE L L, —
FHEBEHIL TRER~ZZ2%FETH (V) ZERTH
BEEX LRSI TSR ER RO KR E
B 2O F BT BED, ZoRTh{klo
B HUARAEROBPAEACHEL L, #EhicdOEn
CThsn. Tihbb, -7 () ofEkHR (1)
XD BMICBL. FREREALEVIEE X RE
FTHOTYVY, Fa—7 (1), (II) X bHEKEDK
X7 (V) OFRFELL. ThbDERY F LD 5
L, ¥148 Table | OREOMDEL 74—F (1)
OBERMEEE D, (V) RRIFEEZ bhb.

3.2 ATa4 MOBFREREL TR

AR O E T ERS 2 INBBERIH TR TS &,
1BEAEEL LIV D (ARogEHEA) & Photo. 2
DISERELETZLDNDYD, ~~x4 FOHEE
PRI ASE TE L B b & &iibhol., ik
REHEA PRI S — A P EEDLONH AL, MEGE
DEBBEIFE TII~=x 4 + & ¥ —v1 +MOER
Eyichot., FEFOFADIL 2L SELOT L
dOTHb, 1200°C 3 2 b BiEME 16D,
DERROBTF L7ch. FoTrOBERER $ & D v
T, GFAYREKETHIZEAEEL LI AR Y 2
—7@, ADDZELLEDELLREVIDOE
r—7@& LT, FHE®, ©ODAF4 2D 7L - TIT
SEL TR, 15 oAy EERY Table 2 278
+

1~3 p'

KRELAPEFC L THMCTEND &, ~<21 +D
BiEMEIE~~21 bORKRELbOIRAOEE, #
BR L FERRBEEOR L b0 k. J o — FT@T
i, ~~&24 FO &KL 50~300p & KX, RAEIR
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Table 2.
of hematite grains after heating.

Classification and evaluation of iron ores according to the recrystallization

Group Change in the shape of hemalite grains after heating*! Pore volume after heating*! Degree of fusibility
@ (3)*% Large grains and no change 0.034 cm3/g*3 Very small
® (2) Small change 0.037
Change into small plate-shaped particles with agglomerate to some lumps
© (5)  F 10~20u(Photo. 2-( b)) 0. 051
@ (5) Recrystallization in the form of very small spheres of 1~ 2y in diameter 0.071 Very large

(Photo. 2-(d))

(Excessive)

*1 Heating up to 1350°C *2 Number of ore kind

(Q)OreC

(a), (c) : Before heating
(b),(d) : After heating up to 1350°C
Ore Ci+Group®, Ore D«-Group @ (Table2)

Photo. 2. Scanning eclectron micrographs of the
fractures of ore particles before and after heating.

FELAK T, 50~200p LILKHHK CTH D f. —
F, Z—FQTRY =1 FDREEL, ~~x1 D
BiI@ogao 1/10 U Thot. R85
T, ~= 24 ORMEEIED TRIT—HID A LT b
fe. =70, OXThbOFET, ©@DHEMiy —%
1 bR XU E . BT s ) S
AT230035H0, ERBEREITLEME - L X
i, Z—7@TlE, ~=214 PRI LRFEERKTH

D, BORLEEWHREOT, MBTHETCEHE
HauThrEELLRS.

i, EEETY =4 FEEDETAOHEINTEEST
BREDOBAPCHER L GAREL, TOHEDO—DL L
TR L8 & BIRADORIGERSE R i
M XZHERTHLRTW5SY. ThicXb s, gEA
DTEE “BEREE ~~ 21 P IIBEBER, 85
DnXx5ky =74 r RERIEERERE 3 h, £
EZBLILEH LB, CORFEIIERERTO~~
24 FrOBFRETS ST I —FKLTE D,

*3 Mean value of each group

fij#8 Table 2 iR LA &L, Zr—7@IERILIC
<K, QEichiz EWREIIEATS E W2 5. BERE
BT, BB PSEAA~NBAL, ~~& 1 FEERRIMN
BT Liedd DRME( L HE L. ~= X4 PO B B
ik, HHET~= &4 PRGNS L, ToRME
it CRIR AR LT WSS RS0z &k &L
HDT, BFRMEL IHETHHDEELLRS.
18 Table 2 (X MBEKFLUMEOEZ IV — F DI
WEHFCE L. fods, ~=24 r OFEREMIT Yy —
A4 PR SBEE BB - LA LT, nEE
KALHECRE Lo EN KR E SR TE i h Dk, ik
BRILEEE, EALEE L REETNEQO BB
TRKEL, @DMWMBERMEIA TII/NE W L2 b, Bl
b & Zo B KILHA ORI LT3 R o & E
zbhb.
33 HRTHEMLSORHELERDFTMH

1350°C m#UEBEOKILEE & JIS BLROBHRY
Fig. 4 wWR7. WMZHECR IVGERBGENARD bh, &
LoEmeftoTRTHECE ETAZ LT H B Th
5.
DFR, BEREEOGENTORTRIS b, BYTE

UV ¥ 1} L L] ¥

) e

S0 ///p ]

- QOreD

<

5 o grec 2 $ ]
SE LY
$9 sor 9 .
5>
32 40F 10 g =
g g reA | Reducing state of
- unmelted nucleus ore
£ 30} in NagoyaNo.1 B.F. |
=33 ® Small reduction degd]
é’ 5 @ Large

= 20 (N.umbers. accord to tholse in Ehoto.3)

"0 002 0.04 006 008 010 o0.12
Pore volume after heating (cm¥g)

Fig. 4. Relation between pore volume after heat—
ing up to 1350°C and reducibility of iron ore.
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White and smé‘ll spots; Metallic iron
(Numbers of unmelted ores accord to those in Fig, 4)

Photo. 3. Reducing state of unmelted ores in
sinter (Degree of reduction of sinter is about 33%,).
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B OEBHELRRED LS. BEPTHBO—FY
HBANIEEROB OB TR TH D, SBEHOLERRE
WNERBTHED ST X oT AKEL ED2TW5S. Tigh
B, Bl TIREBHIIZELALRDLRT, #iF2 T
PEBATLOEBTRICAER LTV B TE V. Thic
LT, W 3, 4, 5 TILETIZ AL 3 A A
TWABD, LI TLEBEMED b, BEFCRITIR
MEBRLT\D, BEDL, ALV TAT =254 O
Th LR RO O ERITCHEO RN TER TS Z &
AR TR LTV ALY, 5 3, 4, 5 OFE X %
NEFBRETETIEATED, BREGFICBRYEIET
PR IO HIXRIEN W EE L bR b,

SE W FiEo Fig. 4 T, LBROBRETH LR LR
BT RA—0BS ORT L, BETEORTCRI & nE
WBHEOSTILEEZ IS MG LTI D, EILH A LT
OEMIBFTHDZ EE2RBELTV5. TREPEMT
X5, FOBRETETLHERE L OBAMTIIRE
RIS REE LT\, SBEF AL BEE L
BOREYER THRIET 543535 % A3, Photo. 3, Fig.
5 OFEE» BT, 0.05cm¥/g LI EOMBEIFLE & %
BT HEATIRIFIORETTRENTER I NS LFEHR LT
BEERECITR L, OKILEIA IR T A B IREED
HEECKDLEDEEZL DS,

34 BRFOSEMENEBEEOEEY. RBEOMHMF

TS ESWTBER Y M Lich, FRE~

160 gy~ T T T ¥
(a)Flow rate of sucked gas
E | Before ignition 4
E140 I
= i
4 Lo
;120' Nucleus ; Ore A
| (O)reé ;Emalé fusibility
__4_" ' re ;'arg '
100 (b)Pressure drop (Nucleus ; Ore A)
[©)

10 h
£ st -
£
) OJF:, - . :

I (C)Pressure_drop
g (Nucleus;OreC)
- 20F 24" Lsintering A
4 i 27| bed
N gl
a SR B
< 15 é v
wof |¥: -
e
PR Y
sk RS PR
T
Time after ignition (min)
Fig. 5. Effect of the fusibility of nuclei in quasi-

particles of raw mix on the permeability of the
melting zone in the sintering bed.

BHT L & ARERE, RBERE EBIEAT CRH
LTHLDBEN D DHDT, UTORBRETON. Bhtt
CoTiE, SRKEMLEDOHREFEMNTTIRE B
TWBHMWND T, FioleERITTnL icho7.

3.4.1 HEHTE IIETEE

BB OBEM R TER T 5 oD, BT HBET
HHLEEZLNRTWBD, BEBETEFZ LSS T WO
FEOEER BRI, T THROSAEA (AR
My, $EHC (BEa) o—FxET, fhhixfE
¥y & LC/ RIS CRRE TV, FEBOFENIAL S HE
BRI HIE L. 0GR Fig. 5 TH5H. R5IAE
I EAEEDL LRV, BER/RIEHOBRIHCIIE L
WERDD, BRTOHEDKRELZ LXBEETHS.
Thdbob, A A OB T BRI CH
3 LI ENBREINE L, ZoREBE X
EOLLTHDORERT, M LTERNTF2E8ACIT
b EREREDEET BT ER LTS F AR
Z XD ABEOH TRKEDETEREIZEL Ie2THD,
SADER = — 7 ARBEC S BFETH Z LD,
X bie, ENREREROREREEEOFHER, i
o 1364°C iext LTBE ik 1318°C LKL, &S
RECIRMEEROEENERFCR R T, EJE%
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2 Larger fusibility

0' L T T
% 4 (a) Proportion of unmelted ores and
o O pores*tin a cross-sectional
g 30b area of sinter -
g 3
8~ T em
A ° L .
220
m S
¢ qof & -
< % Mean value of five particles o"i
Xk Pore slize 5 100~3q0 B
o (b)Degree of :‘etg;uction m
o

$ g} by JISmet i
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T T2 N
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& 64r g T

60 " Y %gggﬁ"irr"?). pOWde' P

(C)Productivity _
e N)_| (P
- 44r (4 | @ |OreA |OreC |
T T
> - Al
s E 40 [ ] D A
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_§§, 6l /P =6/ |
Ll S’
a4l t\\\i i

28 ] 1 L
.03 0.04 0.05 0.06 0.07
Pore volume after heating (cm¥g)

Fig. 6. Effect of the mineralogical properties of
nuclei in quasi—particles of raw mix on the quality
and productivity of sinter.

D & — 7 & B HEERS R O @ AT A B
T5 &, BRFHEEADEE TRAETABLE TOR
WEOIZE 3, SRCTIRINE6fEL>TEY, &
HNF OB IERCEELRT E V25,

DECEA A, Ck X UEERMMES G D% #oTkR
SR X AP ERAER L, AN JIFTEEYH
~Nfe. BRI—IE LT Fig. 6, Photo. 4 wiF+4. ==
THEO b ) CINBAEKILEATERELT H 5 0
VL, B Table 2 O <, Rl [ILLE L
CHIG LTV b THD. BEEUBEREIEIGE IS
FLELEFBFEY B 5 LOWEA »ib v, KILBET
BEITAZC LR B DIB EEL NS, EEREITE
B CHIE LR THOEREY Fig. 6 o (a) xR
Loy, BRITF oS LEA AT 5> TR IFEE
BICiRA LTk 9, RifEo Table 2 iR LI-BEHED
FEOZUEMFE,LD SR BB TFAYEEA L —
ELL, EBOBMERELI LRI THEEE
PR & A E B HIc D & BRI,

DOFAEEM Fig. 6 o (¢) ok, BhT
DRILEAFNEEETLTWS. iSRRI
BREEOEHAIC X0, HSHYBLREEZBAREED

PR

(a) Ore A as nucleus particle
(b) Ore C as nucleus particle
N : Unmelted nucleus ore (Hematite)
H : Hematite, CF : Calcium ferrite

Photo. 4. Influence of the mineralogical property
of nucleus ore on the microstructure of sinter.

SR &SI BRI ORI (Fig. 6(a)) &#Fx bh
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