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Sintering Mechanism of Self-fluxed Sinter with Basicity of
About 1°2

Kojiro Kopima, Kyoichi NAGANO, Tadahire INnazuwmr,

Tadao KisHI, and Koichi SHINADA

Synopsis:

Process of mineral formation of sinter with a basicity of about 12 was studied by specimens obtained from
the sintering—interruption experiment, re-treatment(re-heating) of commercially produced sinter and various
test—pan sinter test. Phase of sinter, which was fired well, consisted of magnetite and silicate glass. Petero—
geneity and deficiency of firing were reflected in the distribution of the calcium ferrites. The mechanism of
sintering was elucidated theoretically by using phase diagrams. Formation of liquid at relatively lower tem-
perature depended on a oxygen potential (Fet+/Fet++ ratio) of the condensed system; in the case of higher
oxygen potential, liquid of calcium ferrite (8) was formed and in the case of lower potential, liquid of silicate
(7) was formed. At initial stage of the sintering process (in the case of basicity about 1-2) more amount of
liquid of calcium ferrte (3) was formed than that of liquid of silicate (y), but at the latter stage, liquid of sili-
cate (7) increased by transition of Fet++ to Fet+. At higher temperature these two kinds of liquid reacted
cach other and interacted and liquid of calcium ferrite (3) tended to decrease. The proper phase of well-fired
sinter consisted of magnetite and silicate, which resulted in well assimilation of these liquids.

(Received Apr. 6, 1970)
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Fig. 1. Schematic skctch showing the location where

the test specimens were taken from a colum-
nar sinter sample obtained during the
sintering-interruption experiment.

Table 1. Average chemical composistion of
sinters used for sintering-interrupted
experiment (9%).

T. Fe' FeO !$i0,| CaO | ALO, | MgO [ Ca0/sio,

60°4 | 12:04 4-77 | 5-96 | 128 } 1-06 | 1-25

|
II 180mm >

Photo. L. Columnar sample of sintering-interruption

experiment.
Dotted line shows flame front.
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Fig. 2. The change of mineral composition during sintering.
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Fig. 3. Change of FeO (%) and magnetite
content during sintering.
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x 80 (3/5)
R : returned sinter P : pore of the returned sinter
F : fines of crude ore

Photo. 2. Microstructure of raw mix.
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%100 (3/5) X400 (3/5)
M : grey part, magnetite g : dark part, silicate glass

i . h : white part, hematite

Photo. 3. Reduction by gas before melt formation. Photo. 6. Structure characterized by silicate glass
and partly dissolved magnetites at the

initial stage of sintering.

H : hematite r :reduced part of hematite Q : quartz

fia® 3

x 100 (3/5)
R : returned sinter O : oxidation belt where is surface of
returned sinter P : pore of the returned sinter

X100 (3/5)

F : fines of crude ore .
) . . Grey : quartz, Whitish grey : magnetite, White : hematite
Photo. 4. Oxidation by hot air before melt Black : pore
formation. Photo. 7. Iron oxide dendrites precipitated in quartz

at the initial stage of sintering.

%400 (3/5) ) "
H : white part, hematite i
CF : grey part, calcium ferrite . x 400 (3/5)

Photo. 5. Structure characterized by acicular cal-
cium ferrites and partly dissolved hema-

Photo. 8. Coke ash observed at the initial stage
of sintering.

tites at the initial stage of sintering.
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X100 (3/5)
R : returned sinter, M : newly sintered part
Photo. 9. Contact boundary of returned sinter and

newly sintered part.

x 100 (3/5)

y @ structure from melt which characteristic is paragenisis of
magnetite and silicate (glass) matrix.

8 : structure from melt which characteristic is paragenisis of
hematite and calcium ferrite matrix.

Photo. 10. Contact boundary of two kinds of
structure.
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Table 2. Treatment conditions and mineral change of sinter.

Condition of treatment

. . « .
Quantity index of minerals Difference of

No |-

Temperature Time L Atmosphere Haematite Magnetite Ferrite O: (%)
1 1250°C 30 min N, b 205 600 — —1-57
2 1 300°C 30 min- N, [ 11-4 70°0 — —2-79
3 1 350°C 30 min N, i 1-7 } 73°3 —_ —4-34
4 1 200°C 30min Air 559 133 3-0 —
5 1300°C 30 min Air 53-6 10-0 1-5 +4-92
6 1 350°C 30 min i Air 54-2 8-3 15 +4:79
un-disposition 326 | 462 | 1-0 0
®  Peak height of X-ray diffraction
DERBEBITIMEE L. BeiiBoK ¥ X1315~20 mm
Table 3. Average chemical composition of sinter DO @ b O ZRAT. ERB O T 1 o (2R A

used for after-disposition experiment

(%).

Total Fe| FeO |$i0, | CaO éAlzoag MgO } Ca0/Si0,

61:0 | 9-02[417 /520|120 | 0:51 | 1-30
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After 1 350°C treatment

after | 300°C treatment

After | 250°C treatment

Structure of sample sinters

In N, atmosphere

In N, atmasphere

Well ossimilated structure

Coarse ore residue ( left part)

(4)

Photo. I}

Phote. 11 (3)

Photo. 11 (2)

()

Photo. 1

Structural change of sinter by re-heating.

1.
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% (Photo.12(e)). < OFERHIIEE(LEROTIEL JIITT I
11 350°C TR MR PR TTIMBMLIE U 7o R 12 0
pegkar DHEL E LB LT 5.

Table 4. Average chemical composition of sinter
used for fusion experiment (%).

Total Fe FeO SiO; CaO‘MgO‘AlgO3 Ca0/SiO,

59-17 13-37 555 6°95 0°94 165 1-19
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Before

After

(a) : Magnetite-glass-melilite
( ¢) : Hematite-glass

(b) : Magnetite-calcium ferrite-glass
(d) : Magnetite-glass

( € ) : Magnetite-glass

Photo. 12, Structure of sinter before and after fusion.
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Table 5. Mineral constitution of sinters before
and after fusion.
| before after
L dA) /1, dAy | 11,
i i
CF ' 835 2
CF
M, CF 4-86 15 4-86 17
H i 3:68 35
| 3-50 2
3-30 2
CF 3-21 3
C.S 3-02 6
M, CF 297 50 2:97 69
G 2:86 1
C,eS 2-80 1 2:79 2
CoS 2-75 7 . .
H 2-70 57+ X 270 3
CF 2-61 8
M 253 574+ X 253 70+ X
H
M, CF 2-43 3 2-42 3
H 2-21 27
CF 2-15 4
M 2-10 38 2-10 50
CF 2-03 5 2:03 2
H | 1-842 29
M 1-714 12 1-717 17
H 1-695 34
CF i 1-647 2 |
M 1:616 36 1-614 41
1602 7
‘ 1-527 3 :
| 1-509 4 i
M,H 1485 45 4183 | 49
H i 1-453 13 |

M : Magnetite
CF : Calcium ferrite CS : Dicacium silicate

617 %, 32— 2 ARAEIC X > TRHBEMAREL D,
BEEOLRVEE (3 %) T FEBRESTIC Lo Tl
PR D~ £ 4 FEMSEEHEINS. —HRN
ENE <7D EEEHEERIC I S TIRE S D,

WA BAMSE D BIEAE KA LI T ICHI R 5.

® Y7 » ks (Photo.13)
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Quontity index of hematite (peak height of X-ray diffroction.
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Fig. 4. Relationship between FeO (%) and quantity
of hematite in sinter,
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Fig. 5. Relationship between coke (%) in raw
and hematite content in sinter.
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Table 6. Magnctite content of raw mixes and chemical composition of their sinters.
Raw ore Sinter
Configuration ratio .
No 7 g (%) Dgg;g:nettlte ((Joke Chemical composition (%) Ca0/Si0,
Magnetite” Hematite | o %) - .
source ; source (%) T.Fe FeO i SiO, | Ca0 l MgO ’ 203
! 3 — 611 | — — 1:95 —
1 47:7 | 52-3 52'3 4 | 5975| 12:04| 582 | 677 + 082 | 1-82 1'16
| ' 5 | 60°71] 13:92| 506 | 572 | 083 | 2:00 1-13
j | ! 3 | 6064 449 612 560 08 | 1-9 | 195
2 | 410 59-0 48-2 4 | 6085 1042 538 566 08  1-92 1-82
| : 5 | 60°20 1275 565 589 . 073 | 205 2-00
i “ 3 5975 718 568 | 626 097 | 1-96 = 110
3, 409 591 52-1 4 ' 60°35 10°24 550 | 595 | 088 | 1-94 | 1-08
| 5 60028 12:75 565 | 605 | 077 | 1-91 1-07
3 | 6040 521 544 | 573 | 077 | 204 1-05
4 342 65-8 440 4 | 60°55| 907 572 | 576 | 071 | 1-97 1-01
’ 5 | 60°25| 1365 580 | 573 | 060 | 1-87 1-02
3 | 5905 512 58 | 614 ‘ 084 | 175 1-05
5 342 658 | 455 4 | 6053 1033 562 | 595 | 975 | 1-96 1-06
' 5 | 60°05 1428| 58 | 597 | 064 | 186 1-02
| 3 | 5955 620 580 | 662 ' 090 | 184 | 1-14
6 ' 343 657 47-3 4 | 60010 10742 594 | 618 072 | 173 , 104
| 5 | 6023] 1383 574 | 588 ' 07 | 180 | 102
| 3 6035 503 552 576 075 188 | 1-04
7 i 252 . 748 40°2 4  60°56 889 558 595 066 | 1-83 1-07
| | | 5 6025 140l 596 = 695 | 051 f 1-99 1-00
3 5970 404 567 . 595 074 _ 105
8 | 250 75:0 42-7 4 © 59°80. 970 6°08 | 633 073 | 2-02 104
| 5 5980 1383 653 612 057 . 200 074
‘ 3 | 6035, 3-28: 521 553 | 054 . 1.87 1-06
9 © 152 | 848 34-3 4 ‘ 6000 862! 578 614 ' 070 | 1:06
. ! 5 | 6077 13741 332 550 ;042 200 104
L | H :
| : 3 0 60°10 4041 552 578 | 061 | 1-9¢ | 105
10 © 131 84-9 356 4 60.70| 745 564 571 | 049 | 2:03 1:01
| 5 | 60°38 1194 563 , 595 047 = 2:08 1:06
» | 3 | 6067| 5750 488 | 548 | 050 | 192 | 112
1 0 100-0 251 | 4 | 60°70| 745 547 | 562 | 047 | 2-14 1-03
| 5 | 60°20| 13-56| 570 | 583 | 040 | 2-14 1-02

L. ZOXIMANY I L - T =54 SR
— 7 2B EOLI v (3%) BEHESKIE 4L A5, o
— V24 YDBHEGTII DI Y, 3 -2 R 5%Tik
FLAELADRIE . 3~ 7 AEEE 3 %—FE DR
COWTEBEEEL I 4 —F L L ThNL YL -
7274 PeELE5SHBORBREREL A F L~
T4y A7 —~UTCRIELDH Fig. 7 TH53. B
FHEHKEB/NELANT 24 PREBAOSVHDIFEHE
BRREV. ZOEME THBEERO &8 5L Tw
5. TbLILEBREHOS W E XTIz hrsy

& T =04 MEAES SR .

@ IT—URS%—ED L BE S NI G TS
BSZO VP AIC I OFIREAL < T4 R ELY
T MEAFIRZAZ <Y v 2R X LI MBGIC ST
5. RRRRHESEENS <5 b LUREEG hD < 72
A FORBERAESERRELLTWS. iz 5 4
DY (AT 5 F=1) OKRANDER L% DI
HLUHGoBER< 7% 2 4 DAR/PDEIIAD L5
<, EHE&&%
B4 FBREL TS,

DEVBERINE E S — ViR E L, Fu

(Photo. 14) — iz Bt gk =
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from different raw mixes and

Photo. 13. Comparison of structure difference of sinters
different coke configurations.
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Fig. 6. Effect of magnetite content in raw mix
on quantity of hematite in sinter.
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Fig. 7. Effect of magnetite content in raw mix on
quantity of structure containing calcium
ferrite in sinter.
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1 Magnetite content in raw ore mix. : 35°6% (coke 5%
g 7

x 270 (2/8)

(2) Magnetite content in raw ore mix. : 52395 (coke 5%)

Photo. 14. Comparison of magnetite dendrite size
between sinters from the mix of high
magnetite configuration and low con-

figuration,

€

White part : hematite, Greyish white part : magnetite
Grey : part : calcium ferrite

Photo. 15. Structure characterized with dendritic

calcium ferrite and hematite.
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R E B XN SO0, & DA TR IR T
U744 T oOIKEER O T, (Sl L2 R0
N AR T OHLEDEDIPLRAET S EF XL
% BUF Rl O A o 105 & ARAERIC X2 THRET 4 %10+

BB R L O FENRA &/ & Si0:, AlLO; I XU
I35 o 2 2 THE CaO & 2 T EWFEH & AR
s o sy £ ALO; OEBIZOVTIE
BT L E LT, WL TERNE LT Ca0-Si0, —

B LBRIC DOV THEET 5. B & 5 i b#ke &
DR CIIFTOEBRE R 5, BIROERITIE 2 iioogkA
FLoOBEMAELEEL, TOEWD FerF/Fet+t |
(B WVIEFDOEFTOBERF v v W) EEFRE LRI
B s, Lichi - T D% S KT Ca0-8i0,-FeO-
Fe;Op RiC 5. ZOIKRERIT L A AAKE L T5EK
i, Figo 812 4 TR O HARTE 4 A TR D
L7z [©id CaO-FeO-Fe.Op Fw il LC 510 %
TEE & LI 4 ka1 2 5 0 T & ZAKKICHY T
7. FiEbhoTwhwik Ca0-8i0,-Fe,O3 FHD,
CaO-S8i0;-FeO #1193} L SiOn~FcO—FegOa FID L
CaO-FeO-Fe;Oy T D — 72T CTH 2753, LEORES
ﬁ;yv+um>Cﬂyﬁogwﬂb&$m:juaw5ﬁ$
THOEMNTESB., (2L, WEEE RARRRIER

FézOs a

Olivine

¢
Ca0

CS : Ca0-5i0,, C,5:2Ca0-8i0;z, €3S : 3Ca0-8i0,,
h : hematite, m : magnetite, w : wustite

Fig. 8. The chemical composition ranges of low
melting point in GaO-5i0;-FeO-Fe; Oy
system. Grey part : liquid phase surfaces
of lower temperature than 1300°C.

Si0.

Si0: 5% constant

1
CaQ b Fe.0s

Fig. 9. Chemical composition ranges of low melting
point in Ca0O-Si0,-Fe;O; system.
Grey part a, B : liquid surfaces of lower tem-
perature than } 300°C.
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S TEIRDFEEITIE 2 D DFESE DS T OB RIEENC X
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HUZ LD CROBMAIEED EEXLNDLM, 53 %
EREREFEID X 5 kD4 v 0 FCiE CaO 5Lk
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a 7Tk CaO EF{Egk & SiO, (FEE) @ 3 2L s
HEITHEYT L. ZOHEI1ICiE iron-gehlenite }1X% o 3
n%, EAERG TR L, L SRR 4R T 5 25,
ANYD LT =54 DXST 2 EiFEMME S HRTH
HEDEOWRLMVL, FEIRI VI VEELS
NoH. Lo 2oTaRORML YL BZRORIEDIE D 55
FEA LRV LR T E B,
LIATIDIS s a, BHRENEA—FERLE L BT
LISV IRASE, BR{CLERA R L 2 ATV S MERE L
TE@%K%V&m%ﬁﬁ?%ﬁwmm%kﬁmbfb
. EOBRME CRBIRIEE LB R BT D,
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{I8%. ZOWE, BEE TRMED R ~ET Z A7
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7o HRARBEELEFOR, LTS, COEE»SLH
VYD b T =T A4 SRR B 05 BERLEE RS &
fEL2d v, Febb, —FRETHET 2 & 8RRl
DIEIDPa BRI DL X V& < DELEkEBE» L 2o
5. EREOR I MMLOBECIFEISEE, BILEEYE
LT hEL S nss, T ks intd, B

Table 7. Dissolved quantity of iron oxide into

melted slag a and 3.

- Chemical-composition
.. Temper- of melt
Basicity | ature : D*
°c) CaO Si0, Fe, O,
g | 1250 | 22 | 243 | 465 | 0-87
() 1 300 25'6 | 21-4 53-0 1-13
@ 1 350 mo@ 17-5 61-5 1-59
g0 | 120 210 | 70 | 7200 | 257
(B) 1 300 15°7 53 79-0 3-76
B 1350 94 | 31 | 85 | 7-00
. ‘._Q;E(y dissolved iron omde '-__‘:—iiezroa

#Quanuty of total slag without iron oxide = CaO+SiO,

w56 &£ (1970) %14-5
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Wb 72 T4 bOEHEE R bR AGEIRIC 7 D) DRI T THY, BEEV'2030TH, BIRTADIC
Lo CTHhOBFRD SiOy A #RILL TREE 1°2
OHERBNALTWE, FRNCE IV I L - T =
54 bEEELAVEIE(a) PR EN D EEXD
EMTED. Lichd-> TEHMANICITHRK 1 315°C i
XRTNED VD L - T = T4 bEREARBBORIT
BT ENTERNEVED.

3.2.2 BEERT Vv VOEVIEESORMED K
EROWER G T2 — 7 XOEE XY ELFAK
nikm L, CaO-8i0,-Fe;O55k L D HERFEX 7 v v oL
DIERVIREER Bk bl by, Ca0-8i0.-Fe,04 5%
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EEBERADbERLFHNS Fig.10 TH%S. LTI ORK
BER ) HEEERT v v MR L, TSRO PHEMILEEE

Si0.

b = Ca0/sip,

SiQ, 5% constant

/ ; S
Ca0 € Feuls BTy v VOREOFMEEETS. (T THEX
Bl enw e niobiciE Fig 10 OFATSIHREM B b
Fig. 10. Transition fof the chemical composition WHH L, FHTEmsh Ty, LI TINET
ranges « and f to r of low melting point DF — % L EEREEDDHID.)

by containing ferrous ion in the system

e I, : #1213 1 300°C LU T COER SRR (RRTR

of CaO-5i0,-iron oxide. )
a, B,7; liquid surfaces of lower temper- ) 1k CaO0-8i10;-FeO F T3 1 27 D iin 2TV T
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CRCY D)7 — FHRAN T, BixBDEER
FLL e WEFTHD. T4 4 - FYETREETK
VX2 EDEELERE LV HDOER T 7 7 ¥ 74 b
BRPADAT) DERL, Zhdid &ie>T
B ORI, 77 ¥ T4 bk CaO 2K 5
CEESRESL, rREBET 7 ¥ 74 oMK
S A B DT WA, Lichd Do TRIRE
THEMEORILER BB THDH. 2714 & -
F Y ECFRAT FEEBRCERE S ECEIPLAT A
S HLORE L H S, Ty REMEORE
BIERETIIAS LD TIFEAER TR ZA M E
YU~k HI2OMMICED. B2 ORME
LChve YL 7=54 bR BOEIHITEARR
FLvr VOKRT & EHICH LD LN S ER

~— AlO; Si0;

S :Si0y, CS: Ca0-Si0y, CsS: 3Ca0-28i0,, €3S : 2Ca0-Si0, i , h ]
€3S : 3Ca0-8i0;, F: Fe Oy, F//F: Fe3Oy, C: Ca0, D: 2Ca0-FeyO; HDH. PWERTHNY T L - 72T 4 MERITZ
M : CaO-Fe,03, H: CaO-2Fe,03, "' T’ : CaO-xAl,0;3- (3-x)Fe 05 . . .

CAS, : Ca0-Al,0;3-25i0, 4Hnyn -y — hoWl&EE CaO-FE{L

Fig. 1l1. Chemical composition ranges of low melting point BOBORIZ A HRBERTF v VOEKT & &

in Ca0-Si0;-Al,0;3-Fe,O; system, Grey part :

CHEAHNTD L - ) — hOFIGRIRPIED
liquid surfaces of lower temperature than 1300°C. ® i - RNk

HLTECTWVWS., Lo TR A v D A
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Cal

FeO

$: 8i0;, C8:Ca0-8i0;y, C35; : 3Ca0-28i0;, €25 : 2Ca0.8i0;, C3S: 3Ca0-8i0;, §-CS: gCa0-Si0,,
(F'*,C)S; (2-x)FeQ-xCaQ-510;, F'’ : FeO, CAS;: Ca0O-Al,0;-25i0;

Fig. 12. Chemical composition ranges of low melting point in CaO-8i0;-Al;04-Fe; Oy system,
grey part : liquid surfaces of lower temperature than 1300°C.
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Q : quartz, CF : calcium ferrite, White part : hematite
Photo. 16. Quartz which was left unreacted while
melt was formed already.
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Fig. 13. Schematic diagram showing melt formation and reaction between liquids in
case of self-fluxed sinter with a basicity of about 1-2.
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Fig. 14. Process of mineral formation of self-fluxed sinter
(about 59, Si0O,, basicity near 1-2).
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(1) Mineral change of sinter (2) Strength of sinter
Fig. 15. Change of mineral phases and property of sinter with addition quantity of lime
(from G. Winzer and K-H. Scumrrz1D).
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Photo. 17. Structure of artificial sinter which is

formed by solidification from melt.

(SiO; 5%, Al;O; 3%, basicity : 3-0)
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