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Degradation of Sintered Ore During Reduction

Synopsis:

Kinichi SUGAHARA and Katsuhiko SATO

The results of several expenments on the degradation of sintered ores during reductlon are summarized

as follows:

(1) The initiation of cracks takes place, when the reduction of hematite commences.
(2) Degradation does not occurs if hematite has been converted to magnetite by the previous heat

treatment.

(3) If the converted magnetite are re-oxidized to hematite, the degradation appears again.

(4) The changes of mineral phases during reduction are as follows:

a) The original hematite was quickly converted to co-existent phase of hematite and magnetite.

b) Accicular calcium-ferrites were coagulated during reduction. '

c) The original magnetite crystals were broken down. '

(5) The influences of reducing conditions can be summerized as follows:

a) The degradation did not proceed further after 90 min.

b) The higher the CO content of reducing gas, the greater the degradation.

Based on these results, the sequence of degradation of sintered one is discussed.

The stress which initiates the cracks is considered to be generated from the quick alteration of

mineral phases and shape of iron-oxides.

(Received Feb. 28, 1969)
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a : 30min reduction
¢ :90min reduction

b : 60min_reduction
d : 120min yeduction

Photo. 1. Cracks generated by reduction on the polished

surface of sintered ore. X200(4/7)
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a :400°C, 90min reduction
¢ :700°C, 30min reduction

b :500°C, 30min reduction
d :800°C, 30min reduction

Photo. 2. Cracks gencrated by reduction beneath the polished surface of sintered: ore. -
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Table 1. Results of heat treatment experiments and degradation test.

Heat treatment y f
Heat temperature (°C) 1000 ‘ 1400 I 1400 1400 1400 1400 i 1400
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ng\;z?iir:lts taking out (°C) treatment RT RT 1000 700 500 | RT | IQOO
ﬁ;trrggighere of N2 N N. N, N; | Air Air
Size +10mm 0% | 42'3%| 100 | 829 | 736 | 983 | 0 0
Results of distribu~ | 7~10 0 10°3 0 60 0 0 0 0
degradation tion (%) 5~ 7 15-0 15'9 0 0 94 0 0 9-2
test o 3~ 5 13-3 87 0 45 4+3 1'5 10-0 170
I~ 3 29°6 13-1 0 4:3 3-3 01 319 28:2
Mean size 2:2mm| 74 13-0 10-3 9-8 11-4 1-3 2:0
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a : 1400°C b : 1000°C c : No heat treatment

Photo. 3. Influence of temperature of preliminary heat
treatment on degradation of sintered ore.
%200 (2/3)
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a : No preliminary heatiog c : Taken out at 700°C
b : Saken out at 1000°C d : Taken out at 500°C

(Atmosphere : N2)
Photo. 4. Difference of degradation during reduction of
sintered ore specimens taken out at different
temperature.
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a . Before reduction

a) Taken out at room temp.

(Atmosphere : Air)

Photo. 5. Microscopic structures and degradation during

reduction of sintered ore
(cooled slowly in oxidizing atmosphere).

b. After reduction

Photo. 6. Microstructures of hipidiomorphic magnetite before

and after reduction (500°C, 15min, 959 CO).
X200 (2/3)
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Table 2. Chemical analysis of specimens.

T.Fe FeO Si0, CaO Al,Ogy (@] CaQ/S10,

Sintered ore by DL machine 5620 882 6-40 9-52 252 0-03 1-49

Sintered ore by testing pot 62'33 17-24 6°86 0-73 3-59 0-06 0-11
~ 50, A A3 — L s
Table 3. Time of crack occurrence. BlED X5, BEFEOMIRSF— 51, RRDE
THLIBETH ZOB TN X 2T —HEWCEETD>TL
Mineral phase EF5 X5 THD. EFRRBRMGEEL & HDITERIBILER
3 ] A N 5 7 B
Euhedral magnetite co-existing 921 min ETOEEZLZEDDRFLLTHTW S X5 I

wth slag

Diffusion bonded hematite Less than 5 min

Magnetite co-existing with slag

and calcium-ferrite 23 min

Acicular calcium-ferrite co-

. ; . min
existing with magnetite 8mi

min DL F O 8 BT D BIL R BT DR EEOTH
bbb

(4) KETETLEESEE, 30%CO OFEXD D
=h b&;}{\:@}%“v [EA A=A

Hbirvsd.
2.6 BEPTEILBILYE

2:2-4 OFERTIE, WHRFOBLIE X bETHILERE
LT XRH5nBL, £702-4 DFERTIE, BERsSERE
MOBPTATEA MBRELITHILLRT V. Zoz &
25, BHEABETOFHIPBILECEELZLDE WD
HBISTRETH 5. THERHEID S, HEBEELEIT
FVFEEAEE LT 2EACEESRE S Y, FOBb
e b U7z,

2-6-1 ZERFEE

Rk Table 4 WRTEASLL, ~HETDEE,
: A VIERD EHT T — PR, ZTO7nic60!
/min @ O, ZMLTEH L. b 2FHEHD
Befs D rp gt HEVEPZ IREX L, 2-5-1 R U
F4ET 95% REDCO ¥R TETL, BLHED
FERESMTRR L. BB ORS 13 Table 5
WY, Zhicdh, BEELCI>TrRVER
L2377 b, FeO RETLTC WS T L3465
no. PAMSHEMZ LS LT ZRIEEL»TH
h (Photo. 10), BEEEILIL IO TELL T4
4 FBEMLTVS.
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DR IE 2-5 TRWTOR Xt FABTH Y,
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THNORBRITE W THEFMTORLESERL
BRI X B EMBNE L LD TWS. L LEKD
{LEEA S WA cEND Y, BEELET
7LDo71EH 2% 400, 500°C OWBRE & T AEW
BiEEERL T3
2.7 BmEEEARNE SRR

b. After reduction
Photo. 9. Microstructures of calcium-ferrite (forming radial
structure) before and after reduction (400°C,

a . Before reducuon

23min, 95% CO). X200 (2/3)
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Fig. 1. Influences of temperature and time on degradation, when reduced
with 3095 CO atmosphere.
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Fig. 2. Influence of temperature and time on degradation, when
reduced with 959, CO atmosphere.
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Table 4. Blending ratio and chemical aralysis of raw materials.

Swaziland India Marcona Wabuska Rompin Lime stone Coke

Blending ratio 32 32 12 12 12 10 50
FeO 0-57 2:25 21-36 2483 4-12
Si0, 4-39 5:53 2:91 3:02 566
CaO 0-03 0-29 1-31 0-66 0-29
Al Oy 2:08 1-98 0-67 0-64 2-66

Table 5. Chemical analysis of two kinds of
sintered ore.

T.Fe FeO Fe; Oy CaO
Sintered ore
(Ordinary 67:63 1408 66:76 | 7-65
method) :
Sintered ore
(Og~addition to| 54-50 | 8-77 69°62 | 8°66
tuction air)

BIGHRY
H A -e90% 35 LT 30%CO (300cc/min)
- 20, 30, 60, 90, 120, 180min

2-7-2 #H

AEOREBRL D DB ITRONMESHDH % DD
TLTRH bR BT E 2 LR TERVDT, 2&¥D
R D {biEREEEL, ThiliEL.

Di— 3 Bo=a)
2

Dt = ¥ Fask

no KRR SHEREE mm
a; + HXSHERKE mm
it RONEEREATE%

ERC X D EH LR masB o tieloe Fig. 61
AT .ZORERIRE B L fERFEEOES BEROb O X
DIbERITLA VT b5, LI 30% CO H=
OBEX T OFEEEIRETH S . T oA Rk,
SEIDIES HBELBEOT VB, ZHIIEHEOMMIC
EVBTOELEBED LN TWERDEELOND.

3. & =

PECRBRRERBROL DAL ODEENTH EOX
DXHTLD.

(1) 400~500°C ODFETLTEREIIC S 5 v 7 93Fe4E
FTHDEANTEA PIBETLENIED BEH (30~60 min
—309, COEIn) TH5.

(2) 700 HB\Vix 800°C DEITLTHE, 759D
R »i h Bixo7b Db, HBRNTFEZID#EL
WRISy 2B TTS.

(3) BEMBCII~N=EAL P23 24 PCE

a, b :Under O;-added atmosphere ¢, d : Under ordinary atmosphere

M : Magnetite H : Hematite G : Calcium-ferrite

Photo. 10. Microstructures of sintered ores prepared under different atomospheres.

X200 (2/3)
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Pot-sintered ore

4. Effect of sintering atmosphere on degradation (reduced at 400°C).
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Fig. 5. Effect of sintering atmosphere on degradation (reduced at 500°C).

(%)

ite

Degradation r

180

100 T T 1
30% CO 90% CO /T
80 S -
» & | -
/ s 3 -
& S o
% & b oA
~ 7 | /
/ /7 &
R &7 // &
/
40 ; i / /2
’/ A o N
1 / 2
’
/| ’ ’
S p)
20 l - 7
At f
’,-0‘— ]
l o
¢] 30 60 90 120 180 O 30 80 90 120
Time {min)
Fig. 6. Effect of sample size on degradation,

— 10 —

4

*



e

LS DBRITBICE T 5B ERREIE >N T 1117

FELDb b s lns.

(4) BERNEEOSHZELEFAKI TR, ~
244 FEFOCGHEIES BERIT IS TS,

(5) S X o CTRITK ISMME /LT Th
HErd 5. ’

a) AT LIKFETHEHE I 5 24 NIRRT
PMbriez 5.

b) HEEEETHEANREA ML, =5 F 44 bEA<
24 FPORKIECALZTS.

c) BHHRA VT Y 6T =54 MABELITX D HEE
SIS, '

d) X35, ANy IhaT=54 hEeHBFETEHT A
24 MIER ICHEOZE LIRS,

(6) LR&EWIITLY 25 v 7 FARRIRELY
HEFEETH AL 4 PPRDEL, WWTHEHR D v
VUALT =254 NT, RSTEHRFETHEE YT R &4
by BEIORT Y, A9 a7=254 PG TE=
T rZA SIIEEE.

(7) L& BETTEEORMRIT, BHEgiOERIF—
I DIERROETHILITET T A ORTLHC LD T—5
HICEEDTLEY, ERHEIRIRELE & DI, BRY
IHEICET 5 RERLEEDHRERFELTHL. Thkb
b,

a) -tz Omin BETHILIXIZIERKEL
EL, DIBITEEAEEL L.

b) ZOHRKEALEIXCOHF ABENEVIZEEKRTH
5.

c) 400—-500°C NREZE®» S &, 0min DITOLE
W T OB LRSS,

(8) EEEAMETAL-OCEFHPEEAE (LT
LRI LT 5.

(9) FfEREUR SRR 2 RS &, BTEDIEFS 25
Bk L v .

PLEDOEBFEROL T, EBHEEOETHILOEBY
SRS B I H4S LV v, ETHILERER
FEBESTTCINGLOEREERTELE Fig. 7 ©X85
W5, ’

CZRBELEEREDORITDOWTRD L, BEGROGET

Property of sintered ore<e=—=> Generation of stress initigting cracks

Getting to degrodotion €==——> | Composition of gas
{Reduction time)

Rate of degrodolion<€===—3  Reguction iemperature crystals
(400°C ond 500°C)

(D Quick aiteration of
mineral phase of hematite

@ Breaking down of magnetite

B LB ITTRE L EEST ThHBMA S ST &
BTES. Tihbb, BEEROBREMINETICEIDVE
LR ZFLEXPBKRTHDLIIFIELNASIGH L 2> THIL
FEERITLEEZDLEPHRETHD. ZOBEE, &
TTHEECEETAETFIEOWTE LD &, BEESLOHER
PIHLRICHE, BT A OEE, RERS IOETEH (R
B R MEETHELTCELZH L ENTES.

BILEESKEVEECEERHLORNERET H0
V3 HIEOWV T, BEBTHEROMER IUEOA
EREELCD EDETEEERVEEELEIEZE LTS,

PR PO NOEEAN<Z 4 MIRDTHE 2
MESDEFHNNCY LT = T4 FDEWES TN
CEHAEELTENEHRLL Y T v 2 B3FETHHD D
5 EMRT, ~NTE A FUNTE I T v VBEDIBRIT
DO BTERTRBELTNS.

L L, FfOMBS IUCEOAENSFHOED LI
FRER D £S5 bDTH BT BIE, 74 400~600°C 0
HEHTOLER CO HRABTK BV TDLE L L fitE
FTHCEDLDH, LV AIKRE UTERBIROEERD
METHS.

PEAESROB/ICOWVWTIE, BEERETEREETR T
TN, SEM{LDL L CKREREBEH BT ErD, &
N SO LORRK L 5D TRAEVWSr LT HER
HH.

TERESE, Ry ey FOBEEER] oftmsits s

BEOIRED & ZDHEK SN, RT7ZOBRINNHLOTHD

THBE 2L DTREVP EVWSIE 2 2RITWS
L, $AUCLBHROWED TxtT 5674 - il T
JeX - EHHKOEMD ZOHEOREMZ R~ DTH
7.

LHl, 25 70BCERZKDZZ LTIl >0F
EHHB. Thid/E - RELOREP 0 X5, BE
W ESE RO 2 5 VRS bIE T L <
X5DTH5HHE Si0;, CaO, AlLO;, FeO Xz 5
TG RN LUICEE, BRIKETOIONRE{LLTE
PRATDEEELEGVIRED 25 FEBS X5 EHBIG
BFREEBITTHY, TOFBERESCEIZAST
TERV. LB OTEEDLIL, A7 VOENEEGE
T LICE D 2 &3 vweEx 5.

D FWIRIEED 2 A0 F D ,400~600°C
DIRER & CO ¥ AETLOEEITEIEEI
EDEVH EMSMEE I RER b

(3 Change of mineral shope

of a sort of Ca-ferrite V. ZOD2o0ILET S LI LIT

according 1o coagulotion

Fig. 7. Factors affecting the degradation.

H—EoHBEEGETH D7 LR
SOBIGEHEBPER TS WS BAET

—_ 11 —



1118 & &

s 55 4 (1969) 132

B CH DX, TDH—KAEEEHATSIEE LI
ERTWIEVWORBRERTSHS LS T EMBTED.

H — BRI OWT, ED5D 0, BRESEEL T
o TH - KAHRABRREEZHLEI L LRH D
2, 75y VB OTHEETCERALABLO DR
EXELEEONERE2TVIERWVERN, 1 —F 4
H & AREOBEENEGREEEL TV, —F, MERLD
i, @I L URENEFRCL2DDTHY
BT TS 5 v 72K IL3rop{beiE LT
Wb EBbns LR, Wity - Ko BEREH{LD
FREEFEZTWS.

LT, B{ERRCH - HoWHUPBEST AN E,ID
2 50T HbIrNELFTHEH, BE5LAEVETHE
EOMIGER ED L, BESRDENFES 400~600°C
Tho COBTOEHEIRED BEPORKTHS LTHH
BASITRUELED., TR OEDLSHLELXFLA
BETHD. Tibb, B X o TEHEB Lo ERIET
HERR DB D F NI ZE DL DTV, TORIDOZE
HOWHESEENCAT b THIDD 5 bIdfEMmZERO = 3 v
¥ BRI b, HHEMETCABUTHIOMIKZ
XD,

400~600°C DIREHETH»> CO BILDBEITID
X5 BB TFORBEEIRESRI 55, mERAITIRC
DEREREL ST T CHEHEN OMCEHRL TN &, He
TREBETHINI VDT R VF —ERB+H TR b
NEEWEEZXSD. LeLIDXS RHREEIETHZ &
REHIE S LCIEFICHEEETH D, HLETHHRD
MEHSZ LR THrALY.

DEICH — K oESBLICBEET 5 WS iGE &
DPETH, ELLOBERICI D2 T v 7 OB ITHTH
H— KRR LN &V S EIREIEES T Shvhliiisn b
v, B bkt L35 h — U HRORISIT2WT
W38k # — /34 K (cementite or iron-percarbide) @ faff
SRR RED L THUHS—-HDELS>THY, W. R.
Davis 59% Fig. 8 DX 9B EFNVERLTWAS. &
ORIGEFESELWETIRE, 25 v 20REEINE
TOERBERER»H(4) ETORMBTITRbNDS Z LWLk
L. LPLIOFEGORR Y5y s BEDENEETS
Bl ERE RS 2R T LIS LEbns.
7o & 2 ¥ FesC & FesOy O FEZ T HATE DT
5P, L L —F o HT G CO B O RIG
L L CTIE7e &, Fe-oxide OETE G AEW s
THERGELTELZ 5B, MircLiEmEE LB
BOTBHELZFLLFEBIILELRS. Thbb, &
—~RUMHEEZHES 135 5 Fe-oxide B HOETIIE

2Co

4co, 2¢O 'S s

4Cco 4
3Fe
FesOs 3Fe 3Fe FesC o

—> Time

Fig. 8. Suggested mode of growth of a carbon
thread (by Davis, SaALAwsoN and
RigBy®.

LAIMEENE DI THL 2D, BETBHENIKITK
LRTTHD, HELERLINILIBKRTHEEL2D L
HTES.

PLERASIHRE» 5, BEEDIY, Lkl bsr v s
FEERE TR, b~ KoM OMEEE L TOEEELE
DT, FEEGFOFEBILMOETITES EE Bk
UIE) OB ELic X 26 N0REER2ZORAEE 2
HAGEED.

LA L—FTRMEDDIEMHE LIz X5 et Lien —
FBRECRELWENIOOD L EDEELEZZLNS
DT, SBEFINLDH — KA HICBEhE X & i
BOMEBTELNELERD S5 .

4. £

BERESLDBICREIC BT B L ER B L ¢, S$E 558
INETEALORERBEREZBIEL, »ofthoWIRH
LERBELLOOMLBEEZR . EELRBRELS
TWH R, 77y 7 R3ERBILhoETCED85 8k
Wi (BXU) OEZR X > TRETAGHCLDT
U, Lo CTEREEHREREMOBRTTEE (&< 1Ty
D) K—mfbLTEB 255 ET530THS. L
PLA—FKoWHRIEBRED LS ST BT
KR E LTRBEATH Y, SEHOFELLTERINT
w5,

ol

X [

1) NE, B, &R, EER: Sk &M, 52 (1966)3,
p. 501~504

2) B¥, EE: g8, 54 (1968) 3, S16

3) EE: gk &M, 54 (1968) 10, S50

4) {0, Eik: # :$8, 52 (1966) 3, p. 488~-489
~281

6) Adk: gk, 54 (1968) 3, p. 275~278

7) d‘%: RE, BE: %{&.ﬁ’ 52 (1966) 3; p.498
~501

8) IR, FHE, MWI: gk, 52 (1960) 3, p.495
~498

9) W. R. Davis, R. J. SLawsoN and G. R.
Rigey: Trans. Brit. Ceram. Soc., 56 (1957)
Feb. p. 67~85

e

s



