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Influence of Mineralogical Characteristic of Hematite in Self-
fluxed Sinter on Its Degradation during the Reduction

Tadahiro INAZUMI, Koichi SHINADA, and Masayuki KAWABE

Synopsis :

From the standpoint of mineralogy, mainly morphology of crystal, hematite in self-fluxed sinter is clas—
sified into eight types, and it is confirmed that size degradability during the reduction of sinter intensively
depends on such morphology. Especially skeletal rhombohedral hematite, which has not been yet de-
scribed among natural hematite ores, has an extraordinary destructive force during the reduction. Skeletal
rhombohedral hematite crystallizes out at a falling temperature stage of sintering reaction when phases
of solid magnetite and liquid slag transit into a temperature range of hematite crystallization in phase dia—
grams, and magnetite changes to hematite abruptly. The more rapid cooling of sintering, the less such
hematite and so-size degradation during the reduction is improved. Intensive destructive force is considered
to be closely related to mineralogical characteristics, those are, skeletal form and locally generation of such

crystal groups in state of parallel intergrowth near open pores of sinter.

plied above principle has been introduced.
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Table 1. RDI of hematite ores, roasted magnetite PRI —RICREEORE X 1 Finic 50 HE

ore and fired pellet.

Kind of sample RDI Remarks

- Goldsworthy ore 26. 8 granular hematite
Hematite Blazilia ore 27.5 P
ore India ore 14,7 "
Roasted 900C 1h fired in air 22,4 linear hematite
magnetite  1100C 1h " 17.7 lattice hematite
ore 1250C 1h ” 10.3  granular  hematite
Fired self-Muxed pellet 3.1 porphyric hematite
pellet acid pellet 4.1 "

Table 2. Genetic paths of hematite and their
mineralogical characteristics (refer. to Fig. 1).

Mineralogical characteristics

Path of hematite genesis of hematite obtained

A¥ (oxydation of solid iron ore

linear, lattice or grunular he
during rising temperature)

matite

B ?recryslallized hematite in zone
o

hemalite and liquid phascy  PPrPhyric hematite

C (oxydation to hematite from skeletal thombohedral hemat-
magnetite during cooling stage) ite

D (hematite crystallized out pri-  dendritic or peritectic hemat-
marily from liquid phase) ite

E (oxydation of solid magnetite

during cooling stage) lincar hematite or martite

*

[0 hcmnt_itc or¢ ———— s granular hematite
@ limonite ore — s porphyric hematite

@ magnetite ore linear hematite or martite (intial
stage of oxydation)
granular hematite (final stage of
oxydation)
lattice hematite {middle stage of

oxydalion for only special brand
of ore)

Hematite

: Magnetite

: Slag phase

: Liquid phase
F: Calcium
ferrite

arnxm

(intergrowth la-

g A D 1 Ik FIR~= 2 1 b
mellae twin hematite) % 4ERT 2SR TEL S H 5.

THREFOHBBAIL LT r R EE D BT~ b

OIfBE| RDI fiti% JIE LA (Table 1), fk~= % o
MiX 22,49 EdTeh E BTFR~=x M+ 17.7%
EEL e, BER~TE A FIIRREA X Y SISEEE
B U7cid 5 23gesE ¢ RDI iz 10.3% & {Eu-.

Q@B vy tD RDIfHEZD~=x 1 b

(Table 1)

BERL SV oy bD~= & A TR IHABERTH S, RDI
{HITEEER Vv, T 4.1% BBV, +T 3.1% T
PR fe B 7o\ i SR,

L EDRER %25k OB DT OEBER L fa
TH%B & Fig. 1, Table 2, 3 witxsd. HER~=& 1
EERAR v, bR BESEEICE T haEEe L RDI iz
LA E DL LT ARBEMERZTTHLICR LTLE Lic
WM BTH D Z EDFERTE . FHEATORR,
BTFR, SEEE~<x 14 MIBAREINIEN 27.5% &
HEWE < TH 0D RDI {Ex 30%~40% w35 X
HILEWCIRTEIME R S T h Dk, Ui T 30
%~40% DIGETOIME T %R o T w5 DIEA # I
HTEMRREH ~=2 1 P LT ERER T &
.

H+L

H+CF+L

C : Chemical
constitution

T : Temperature == " H+
(@) : High basicity ¢

(®) : Low basicity @

l IR

H+5S

@) (b
Fig. 1.

@) —— )
@ @)

Schematic process of hematite formation (gray part : temperature zone of hematite genesis):
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Table 3. RDI of each mineralogical type of

Table 4. Experimental conditions of synthesis of

hematite. model sinter.
Kind of hematite RDI Remarks Chemical Si035%, Al,0;51.5%, MgO1%, Ca07.5%,
configuration Fe,0385%, Ca0/Si0,1.5%
Porphyric hematite % y Ret.5) <
(about 70% in sinter 2.7 ef. Heat pattern 1510 . .
(about 90% in pellet) 3.1~4.1 Table 3 (path C in Fig.1) room ‘emp~—)( 60 %in.(agmg for magnetite
Linear hematite . T .
(about 5% in sinter)  17.8  Ref.5) type sinter) —— . (oxydation from mag-
Dendritic hematite (about 90% as ore) 22.4 Table 3 netite to hematite) > quench to room temp.
(about 20% in sinter) 18.0 Ref.5) .
Skeletal rhombohedral hematite T:1350°C, 1300°C, 1250°C, 1200C, t: 30 min,
(about 7~9% in sinter) 46.5 Ref. 5) 15 min
Lattice hematite
(about 100% as ore) 17.7 Table 3
Granular hematite
(almost 100% as ore) 10. 3 Table 3
Magnetite
(0% in sinter) 0 Ref. 5) 50 }_
¢ ) : content of hematite in sample 1,9_'“'0\ duration
- F ! \ ——e 15min
2 g ©—-~-=-0 30 min
N ~ B
3. BERETA~TEA NERMBIOIHO 25 af
EHasst
= S = 3
TRREH ~~ 5 1 Mid~ 75 2 4 + RIS RBEAS O gz | o
. .. . el o L "4 -
RBEO | BIICERILIC L ) ~ 7% 2 1 b pi&fic~ B o b
R S
TEAMET B LRI VERT B LRECBE L 8% ,/»_qk\’
%o. (Fig. 1, Table 2 £8) © OBRTO~~x A b 2 F —
HE 10
EBUTBRE RS8O TEARRICIZBE OIS T b B 22l ===
N N ) = o b 22>
fEREED 2~ t v — A FRELTELLND. Kk B58 ol
00 c
VCbiB&i’ﬂEﬂ-J@Ef@A? £ 4 b 'ﬂﬁﬁﬁiﬁ X O‘EE% ‘ﬁ FDZJ‘ temperature

Wle—bRx—vavir—LRrb~wx1 D4
B %8 U CEART RDI EI4I & ORI b 4E
e O T RE L.
31 HAREHICLIBEBRTOHYEREE
BRI HSEAROREREYY S BV BTR 4
B LEFBROMEMIIRES % 21 (10mmg x 15 mm) 1= A
hd b CHMBE - BERIF PIc AR g Cnddg
HLi. GHEEHEIFNORESRYFIHE LSETE
WE -2 —TREBEZT LT L X0TIToN. S
ABHIFS IR DAL E U CEMEBEE L L
By oFmii i UXBRERE CHRYEY T L. £
BREHTHD e — bog — v (LM% Table 4 1=
AT AR TR~ 7% %1 r AERESOKEEED
BRCEYBF T 5= 25 2 1 + EE+ EHEES
ETIBFAE LR HAERE Lic. ~=24 04
FREFRIEE L 1350°C A5 T TR 1200°C ;58T o
DOEREMEANTERTS (Fig. 2). sarvva 7.5
A b0 AR 1250°C EEBETIILE D Fh L BEMN
ELILDBEERENPHE L~ 5 1 + OSBEEIEIT
5. ~=xArOERERREIR CaO-5i0,-Fe,0; %
RERYD Ca0/SiO; 1.5 @ Tuyy (~~=& 4 b-= 2%
21 MVEBRR) CRBE-HLTEYREBY EDO~=£x 1
FERHRERMIR T~ 7422 4 b D~< x4 HEXRERE

Fig. 2. Quantity index of skeletal rhombohedral
hematite and other minerals in samples and their
RDI value.

DT BEELXDND. ER LI~ & 1 VX TRCE
aRZEW T % DIF D LRERE ORI ET 5 BT h i
FOTERLTVI. BEBAIALYY AT =514 PO
LERBIOER AN T AT =5 FDER N A
TR~= 2 4 PGB EL» DR (BH 0
Photo. 5 (a) ToOMEELFAL) % LT\ 50O g2 X
Nic, ANY T AT 254 EDERRIET~<41 b
DML b DEEL RS, HEXh~=x
A OERBERIE Tum L TORETCH LYY &7 4
74 b EREEL Eo@BEE v B,

RDI i@ #t®m 20g © 1 = RDI 3 (FEHY21E)
b WELK. Fig. 2 0@ &L so% 135 %
B=g A4 9SG E RDI 3BT S, —Fhre
Va7 =74 DERETIZE RDI o2E it
BZHIEREDERDIA YT A7 254 PHERT
En= 2 A MR T L LD GH S 2D b
gAY T A7 254 V0 BB EILEB= 1Y
v 7 ABEDRPEL O EEL bR,

3.2 SHEENEPBER
AFERER DRER A IET 5 70 0% F OB R (F
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thermo-
couple

100¢
(a) schematic figure of (b) experimental
experimental heatg apparatus

patten of sinterin

Fig. 3. Test method of pan sintering.
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Cooling time (1375°C— 1226°C)
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Fig. 4. Results of pan sintering which was con-
trolled of cooling speed in the stage of falling
temperature during sintering reaction.

WEERE 0 AR &AL B LIRRAE DO &I D
B O X8 B ERYITo. REFkeE L Tk Fig.
TR TLOWEBIT7 — VAV T 4 A A=K —T
BB RAE*HBECX5 L 5@ L TR EHENE LARL
BOREAKECILOIRRTAH Y 7 4 AOBEXEZ
THHEEL S8, FRERIBERRLOR L
Lie. BEfEGfre LTI~ 7 % & A4 b BIEITRBERS A B4R
L ltchkda— 7 ABARIL 4% LEBI L. &H
A Ca0-8i0,-Fe,O3 FIRFER® D ~= % 1 b fhi
TR T 0@ BN TIRE 2 R TR EE L OBtk
#Hhiooh Fig. 4 ThHD. ZHT 53 LRTEHEEN
ElmuebtLim v, ¥Flo~<x 4 +EpEIIPhoto.
L ERT XA ERARAO~< 2 1 M ERBE
EMNPERDOT WS, 2 T~<x 1 PAEREEEITHL
E I EE BRI B b PR AE ORERFE OB HTEE T~
= x4+ DERYBLCRITMLCEE Y EX 5T &0
S0 CXd-. 7ok Photo. 1 I h~=2 A + DERES
100y A —F—Thh ZHIB#MAT /POB T D
IR % Fick OB CEHE LiciiiEE L A4 —
F=12 I —HL~=% 1 MLIXBROERBEEETH D
EEZBRhSL. ELEHLLA~=21 + DEFRERE

auoz @3T3RWaY

suoz s3Tieway

4

k : hematite, m : magnetite, s : slag

a) rapid cooling 1375°C—1 226°C 19,25

b) slow cooling 1 375°C—1 226°C 36.3s
Photo. 1, Mineral constitution of sinter which was
produced under different cooling speed during sin-
tering reaction.

- i "

i - inclusion in skeletal crystal of hematite ““h"’
h : skeletal rhombohedral hematite

Photo. 2. Inclusions in skeletal crystals of
hematite.

HEMEFEHEE, BAE#BECBRELLERYU TR
7.
QRILBUCEE D ~= 5 1 bR ICEDOTER
LTuw 3 (Photo. 1). AT hbiEMPOKRIIEN
T —E DL B CHEAMIE b H o5 (Photo.
2). BAEHS T CHAELTHHEL4 ORMHDOHEELA—
H LTk b Z OFERFRIEHFICE > FTERRTT
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DT A,

O« D~~x 14 MERRBRAR T 7251, v
VE— b HFA, AATYT AT 254 b FELSANICHE
LT3 (Photo. 1, 2). F#HEROAHBIBEY N %
L,

O ERICAED~ V244 tE~< 2 4 + &
DOEFINITE AT Z7HERNEL TS — R AL
(Photo. 1),

PEDRER LD ~=2 1 MIXEGDOBETH DEBEED
HEFECA LTI X BAC L TE O U BEY 7 L T4
BRLT WD Z &R AMBEADT D &
OBEROIEE & dbI~=2 4 PERLI-EEL LR
B, EIRRBERRD ORERIRES BB HET T4
BERERER YR TRORCART S 2 ENE LM
ENTEHY ~vx A OFERRRIEETH O E
zbhb,

4. BRREEATEA FOFHRICDOOTO
ER

41 EHANILICDOWTDER
LEEERERCESCTEERE ~~ 21 F D&ER
AH=RARERTSH, EREBYEET S LEHE~
FEA LA~ 2 A GEHBRER ¥ CRIE LR
CBEOHBE LD ~<x 1 MEABZ DT W52 &
i, =734 P H+BREXEBECBERT~=2 4

FEEHRER ¥ TTF23 0T 4 2 5 /EMLER R ich
TECRBESE LT RN EERRS 5 &
THERIGEELORD. ThbbAT V/BLENS
BERIREA L SARRECIL 0 D RERL — By i
Fed* ;BfAFURABMEE L = 0@ Tl H A ©
FEHTHE~7 21 P BRAECEHT AL HE S R
5. FEERDFEZIRICT B DI Z OBEFTREED BB X
5LEZLNIBEY. kDX s ~=a A bE=r%%
1 EDBRCIEMA S Z7EBNMEL T DA S
R Febt BTSRRI D TWBEEL LIRS, ik
BEREREFEL L TR—BREKAELE LBy EHT
b HDRETHA DRI b EARBELVBEEZE IS
LD ~=x A OBENEOSEREIRTC/RY 53
EEZX DR, TOMAS IBILECGRDOLE U AFT
LT HRREM S D H 0V RIE RER AR T OB R A
WMT5LEOMELHDY. RBIALYD A7 254
DR CHREMERIGDOARBEC~~2 1 X E KT 3
EDBEIR TV B0 EL LOER T, Fig. ],
Table 1 @ Path B Zir3 X 5 ICBER~~ & A b 25 4
B UBRRIC I Hiedn 2. Bk~ 4 i~
FEA DR ERTERTEIDEEL NS,
—HCFER Ly DB LEERY O L b ~=x 1 b FEH
BESG B s@E (Fig. 5) 25 /BLEOE
LD % U THARER ~~ 2 1 + DEREY Mg
LSR5 b DOBEE DORHFIH T Ll E R

(a) Control method by cooling speed during sintering reaction

rhombohedral hematite

5
2]
™~

Temperature

&
Sintering time

(b) Chemical control
falling temp

\

Temperature

Gerlesis temperature zone of skeletal

Sintering time

Genesis temperature of skeletal

: Calcium ferrite
temperature or

temperature of slag
solidification

rhombohedral hematite

On cooling speed(id ) (iid
condition hematite

Amount of skeletal i <
rhombohedral hematite AN
RDI i<

On constant cooling speed and
Tum (M) > Tun(s) ) Tem(n) condition

Amount of skeletal

rhombohedral hematite THuGOXTHH () THu ()

RDI TuMMDTau (S DTrN (D)

On constant cooling speed and
constant TeM and C) C’ condition

Amount of skeletal c< ¢
rhombohedral hematite
RDI c< ¢’

Fig. 5. Control theory of skeletal rhombohedral hematite in the method of high

temperature sinter.
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HAMCBEBTES., LHrLUREBEE Tum 2BHETIEK
d~n=wa A bb=r2a4DEKEND % o RY
(BlEg TiO, BifE) TREGOBER~~ % 1 b HiGq
THERELTCEOEEBFIATE v, BKBERSFT~<
ZA MY BEBFEART LR E A v IBERT B S DL
REH~~ 54 P THHH, HR~7x 1+ BAR
IOoTRERDSIELTVBLD0L DY AKRXOHEL ]
5t 1 DX IGEE & Righe.
4-2 REBTMILACOONTOER

~= X 4 FBBIEEN BRI R g OB RIS
AR LUEHET E 25% offiiEErR T EAEHL X
DEIBRTVWAY, L AMNERBITMERRSE G T
~= x4 PSS OEGILEFRCIIET SO TH
EORWCERITIE X BIZEENE LB D4 0RTE N
REATRIOTWS, ZZTCREMRER~<2 1D
BRILBILDEREBORRZH B 1R TEOHBKEOR
A Ui,

Photo. 3 WHZE XIS X5 BTIC X /IGILY

ERLTWBRABTNZ 55 7 3 E3RBEL TS,
N7 5, ZIIBUNRILERE X BRI L ) REhE X
UG R R REXRE L bDEE L BN D
(Photo. 3). FiEDOME TREGMREMTIZ~~
24 ERBYEOERIBANELL SV 74 A7 Ty
INRETHDTHLVEHRSRBIE B EWVIELERBERD
TC D, DO ~=F A FTIRZEESE S DNT Ty
7 MNIERETY BRRTHEE b oLV 5 A KE
REREEL bhs. X LE/KMTETERRCEI D
TWBDTIING 5 oy 2RNBTH ADBBIT L b PEREHLD
KQILED X D RER~ETT & Eh SR EA T W5 D
gz E b (Photo 3)., ~=x 4 bR D
TWBBHLNZ 5 » 7 DMEH DT 70 A% LI DR
%% (Photo. 4). —AHKIBEHD BLENHE~~
4 POERLTEVHEEEORITKZ 7 5 785032
TEDEIMBOKILCEBE LT \» 5 (Photo. 4). #
NGFENZ 5y 72X Y ~= x4 P FEBRITTHMOEERI
FHEERKECLEEIEDTWBEDT L — 2 VOELE

Microscopic photo

Dots show micro pore pointed by Edstrom,
Cracks occur after these parts expanded

w @-

surface

) / in the matrix. (g

surface

. B

=

RH : Reduced hematite

h : hematite

surface surface

m : magnetite s : slag

Photo. 3. Fine structures of the cracking in the reduced parts of skeletal

rhombohedral hematite.
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addition

> of burnt lime=>> sizing cokd
breeze F sizing serpentine
" 15 7T
“ \/-q\v/
FeO L T e .o-.,,«<m = [
e(%) et o i S e o TN e = Lgg(%)
4
: 16 e e e e 6.0
5102+C?Io05 Lo gt o mermyOm = OO g T \ Si02
Jo—
<m14°- Siby Smemgmo |5.5(%
A IS ST TN SN SNV U O (N SO S| N NS SN TN NN SN NN I N S N
Jan. Apl. Jul, Oct. Jan. Apl. Jul. Oct. Jan.
554 S55 S56

Fig. 6. Operation data of Oita No. 2 D.L.

g R
Photo. 4. Macro-photograph of cracked structure
of sinter after reduction.

bRECECBLZ 50 7B LTEECBILAED D
TRER = % v F — OERD ZRCIT b ERAE R 0E
ZDRBIHPBIRC D K2 5o 7 REIR-LEL D
hE WTFhb~= x4+ OESHIEE B8R, FT
HERERFOLEN, [ILRATL~DRERDORE) 1R
IEBRILHEAR LOENOFERE 22Tk, Zhnbg;
YRIDEET O & L OBNRIBMET X 5,

5. HEECHLIFZ RDL{EIFO—0
~DIEH

BdREH~~ % 1 + © RDI {HOREEII WY
CESSFRENBMETH O THIEL LTIZFD L 5
E~= s A P OEREIFTS Loy, Ll EOgR
REDVEFIMRFEZKPIL T3 20HENE 2 b h
5.
(i) =7%x 1 pBBERE T % (Table 3)
(i) vy bxAF~=x A rBBECT 2

421 ® former operation
41l (1979 Sep.1st — Oct. 10th)
O recent operation
40 | (1979 Oct, 20th— Nov, 30th
R 39l at Oita No. 1DL
(W]
w 38 ¢
o~y
VA 5
= 36}
a
= 35}
34 |
i I L A 1 i 1 1
5.0 6.0 7.0 8.0
’ FeO (%)

Fig. 7. Relationship between FeO and RDI.
(Table 1, 3)

(iil) RARETHA > EBEICRE Uikt T 5
(Table 1, 3) '

(1) IBRIESOBRFEETH L ~~ &2 1 I BN TEXK
WIS R s A P EET S HET () ERET
MILREBOBR~~< 2 1 b2 ER IR LEEBLRT
B CIHETH D ()X KRRE~~ 2 1 P ERIT~=
41+ 100% ;5T RDI{H 30% LIF & ELr <
CThH5DOTHRILKE TLOHREOHTREIT HETH
5. WOk L B OGN TRERY E—E
U EoEEcER Licd il bin\ B bk g Y a5 dh
REBLUAOWICEES S LEERNEEZLFHEL
TW5, 2T A7 (1) DBR~~ x% 1 b BBEEY O
B X RDI {HE @b &8 FHERAL ~T19-
10 (Fig. 6). BER~~< % 1 F OERSGHETHS Fig. 1
o Path B % B L EKREFEZECH D, BZRRER
~=x A ME~wzx4 F BHEBERCBESR TEK L
Tum UEOBEERE T~ 7524 PR DREL
(Fig. 2) fE2>TB VA DL OFid—FAERE 2 £
U SBERERTIRRESE X BB VS i SR
~=x A4+ DERENE L RDI {HELFE kB &
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o »~RDI1
2 — s N,
£ TN K \ PR Former operation
€ ) Y s A} 4 ~ . _Aarge variation
g Y, RDI '\ / RDI N/ RD1 “ 'C;n sintering bed]
3 ,/ High 7\ 7 High ¥ low ' Only C case’s opera-
2l ~ A 7N \_tion is stable.
<l ’ VN \
4 2 PN N .
g N S
2 | |
o 1 !
£ . !
& . .
c 1
]
{

-]

RDI —=

Result of pan test

(c)

(<) —_—

Recent operation
small variation )

DI (i.n sintering bed

low Both (a) and (c) case’'s

operations are stable.

RDI k

~ Thermal distribution in bed

ow Thermal level high —

Fig. 8. Realizing of low temperature sintering by
decreasing in variation of heat pattern in sintering

bed.

PFERR I TV 71999 (Fig, 8). & Z AR TLLF
AU Bk & % & RDI fEIZER L Z IRBERS AN O
BT K TSRO TR AL DB L < SN Licic
tEx bhic (Fig. 8 k) ZZ TRADIESD &2
LT v _AR Tl 2 AMABROBR IS IR
D flizgeE L (Fig. 7, 8). ~=x 1 + OHEBHER
LIE S B B ERRNRE L BRI BRI Lz &
PG H R CHRETEL. BRELOXERMEL L
THERUE OffIE (—1m/m 80%<) = — 7 AMKI{E
B (+5m/m 1%>) £ARKEM (1% #iig) OFBEY
fEo7: (Fig. 6).

6. i& =

OpeiEgio RDI {EAREEVEHREL UTES
REH~=214 OEFIBLDOTHY, TORER
T e E (BEaR, FEARE B 4L

B, RILBIRE) it bhs.

OHRRBH ~~2 1 X =73 24 b +EEALHR
RELTA=2 4+ GHEERCB Y BESINBRLTE
B R T 5. BHERIGII 2ARE R ER
RITEIXRENT 5.

ORLE T B RUMN O d R L RDI % L%E
X3 THELLT=/%2 40, BER~<x 4 +H#,

TR A OB D 5.
x [
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