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Effects of Mineral Matrix on Softening Property and Reducibility at Dolomite Sinter

Masaru MATSUMURA, Masahiko HosHI and Takazo KAWAGUCHI

Synopsis

: Increasing permeability of packed burdens and decreasing reducing agent rate in a blast furnace process take an important role to improve

productivity. Especially, the softening property during reduction and reducibility of sinter are important. Effects of blending dolomite as raw
materials at low SiO, sinter (SiO,<<5 mass%) on these properties were examined by using variously prepared sinter samples. The softening
property was estimated by vertical pressure drop of sinter packed bed (70 mm?X 100 mm) during reduction with elevating temperature up to
1600°C under vertical loading force (0.098 X 10° Pa). The reducibility was estimated on the basis of the reduction degree obtained by CO/N,
(30/70 vol%) gas at constant temperature conditions (900°C, 1100°C).

Results were summarized as follows:

(1) Sinter using dolomite instead of serpentine and increasing MgO concentration in sinter with dolomite shows superior sinter reduci-
bility.

(2) Increasing MgO concentration in sinter with dolomite also shows both superior sinter reducibility and sinter softening property.

(3) Superiority of sinter reducibility described in (1) and (2) is based on decreasing silicate slag in sinter. Decreasing silicate slag is con-
sidered to be caused by increasing both Si and Mg concentration in calcium ferrite with chemical reaction between calcium ferrite and MgQ
in dolomite.

(4) Superiority of sinter softening property described in (2) is based on decreasing temperature range of high pressure drop. Decreasing
the temperature range is considered to be caused by decreasing liquid phase ratio at high temperature (>1100°C) with MgO addition .
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Table 1. Test series for examination of the influence of
chemical compositions. (mass%)
Series 1 2 3
FeO 3.6~8.4 - 49~8.4 5.1
Ca0/SiO, 1.8~2.0 1.8 2.0 2.0
SiO, 3.5~55 3.8~5.0 4.5 4.5
ALO, 2.0~2.1 16, 1.9 2.1 2.1
MgO 1.1, 26 1.1,2.0 12,2640 2.6
‘varying | ¢ (dolomite) | (dolomite) | (dolomite) | (serpentine)
materials)
-mot measured
Sinter size : 15-20mm
Coke size : 10-15mm
Temperature

- of sample

Shrinking level

Volume and
composition
of exhaust gas |

Pressure drop

=15 100

Weight of
dripping

Fig. 1. Schematic diagram of an experimental device for
sinter softening property test.
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Fig. 2. Experimental conditions for investing sinter soften-
ing property test.
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Fig. 3. An example of experiment results of sinter soften-
ng property test.
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Fig. 4. Effects of SiO,, MgO and FeO concentration in
sinter on permeability resistance(KS). [Series 1]
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Fig. 5. Effects of SiO,, MgO and Al,O, concentration in
sinter on permeability resistance(KS). [Series 2]
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Fig. 6. Effects of SiO,, MgO, and FeO concentration in
sinter on shrinkage temperature. [Series 1]
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I O MgO:1.1mass% Fe0:4.2~49mass% ]

84.0

O..'..

82.0 o
— .. -~
€800 [0 eany;
£ 780 |— Lo — O
2 ."..
S 76.0
k-]
¢ 740 F——

720

70.0 : .

3.0 4.0 5.0 6.0

Sinter SiO;(mass%)

Fig. 8. Influence of SiO, concentration in sinter on re-

ducibility. (900°C 3 h) [Series 1]

i TRABRIC B 2 RKFE A (P, ) &R T . BRI
O Si0, R DA IZRAIEIBRMEAK T ¥ 5, —

75, MgOBED it KIESIHBRMEIZ KIF 3 BIIFR L By,
3.2 m“"ﬁ
Fig. 8123 ) — X1 DBEREHARHIBE 9 5 900°C & TLaklx

126 % 180minFNEE TE AR T . HEE (Ca0/8i0,) —
TE T Si0, IRE DA 13 180 min EER THEKE LR X5,
Fig. 912, ¥ — X 3 DBERSSEEARHIBI 9™ 5 900°C 3% Ttk
BRIZH % 180min BER G AR T, Fa<w4 b TMgO
RIS % 2.6 mass% F T LA 872300 180 min BIEE TR
B ERT B, —F, "R TMORE 4 2.6 mass% £ Tk
S EH72FBHE 180 min FEE L RIIMK T T 5., /2 FeO



O using dolomite , FeO 4.8~5.3massh
A using serpentine, FeO 4.8~5.2mass%
M using dolomite , FeO 8.4~8.6mass%

84.0

82.0 ‘iﬁtﬂi
Rl “tea, A
z 780 iy,
§ 76.0 |
3 '
& 740 v

72.0 B

700 L L . L L

00 10 20 30 40 50

Sinter MgO(mass%)

. Influence of MgO and FeO concentration in sinter
on reducibility (900°C 3 h). [Series 3]

—o—Mg0:1.2 Fe0:4.9(mass%) —o—Mg0:2.6 FeO:8.4(mass%h)
R —— Mg0:2.6 Fe0:5.3(mass%) — —— Mg0:2.6 FeO:5.3(mass%)
& 100 — 1 £ 100
og 90 % g 90
S 80 / S 80
~ 70 y 4 - 70
% 60 , " 60
s 50 ’ $ 50 I
& &
b 40 & 40
T 30 /4 T 30 y 4
c y 4 5 V 4
S 20 S 20
S 10 I 3 10 ,
E 0 " L g 0 n i
0 60 120 180 240 300 360 0 60 120 180 240 300 360

time(min)

time(min,

Fig. 10. Influence of MgO and FeO concentration in sinter
on reduction rate. [Series 1]

Sinter composition before reduction
MgO:2.6mass% FeO : 8.4mass%

Mg Ca

peded 10 U

Si Al

Fe

Fig. 11. SEM images and several ion contents in samples
after reduction at 1100°C for 6h measured by
Electron Probe X-ray Microanalyzer.

PREE OREMTIE 180 min FER TR A ARICIK T 2 ¥ 5,
Fig.1012 3 V) — X3 DBk FEAAKHI B9 % 1100°CIZ I
LRI OBERETR T MgOliE Fu~4 b & L7k
BOMgOBEDORHEI/NE W, —F, FeOIRE N
5.3 mass% & 8.4 mass% & D BRI 51T, FeOREEH
8.4mass% O & FeO BERG#h1T, EITHIGA 5 240 min £ TD

177

Fu< A b EEREIL L

BT B GRS ERLEIRE L UBEET I RIT TR

1 : CaO+Fe;03 1 3080‘3(080_13Feo,57Mgo 15500 15)203
2 : (Mgo.38Cape2)O FeoOs 2: (Mgo.50Ca0.50)0* (FeossAlo.17)203
3 : Ca0+Fe,0; 3: 080'2F6203

4 : (Mgo43Cags7)0O* Fex03 4 : 2(Cag 40 Feo.40Mgo 200+ SiO;

5 : Ca0+3(Cao 14Fe0.75Si0.11)203 5 : Remained Serpentine

6 : (Mgo33Caner)O" Fezoa 6 : (Caoas Feos0Mgo.25)0+ SiO2

Case of dolormte)

pt serpentin

10 um  BEL <10 um  BEY

Fig. 15. Mineral formation by reaction between dolomite
or serpentine and SFCAM at 1200°C for 15 min
(SEM image).

MgO MgO

12% 4.0%

FeO FeO

coke coke

4mass% 4mass%
Si Si

Fig. 16. Increasing Si content in SFCAM by increase of
Mg in sinter with dolomite.

Si02
Aprmmeam oo Ty P,
Transition of chemical \\
composition of slag 10/ )90

\
A

during reduction

H
20/ 3 \? 80
/ y

2020~ S0z
3ca0-sidg:

08 J ‘
1125"080 90 |3sgrfe°

mass%

Fig. 18. Phase diagram of CaO~FeO-Si0,.!”

869 N



I 370

$ & $M  Tetsu-to-Hagané Vol. 92 (2006) No. 12

BICHIC A, F R LIFES 5 360 min DF| R TCE T
95 mass% & (EIEFEZE L XL TH B, FiglliZ, Fig.101Zm
L 728 el % DB (MgO ¥R /E 2.6 mass%, FeOIRE
8.4mass%) ZMEEHD L, ZOUMEOEEILRK (Mg,
Ca, Si, AlB K U'Fe) D% XM~v A a7+ 54
=T LR AR T, FeDFMANME & Fe IS DT
FOFAMEIHEIC SN TED, $k& 255Dk
BRI NS, EHIZATFIZDONTIE, MgBEREL
HaLCal KUSIABNEBHICKEL A SN TS,
Bl%, Fig l1HUZR L 72<M2IE, FeltE AR Bt X s
EBEHTHB, —F, Fig 1 IR L 72*S17k K U827,
FNEFNhMgIRE B L UCa, SIBEABVWZAF S TH 5,
Fig.121Z, “SI”B K O“S2°DFHFHR LR $, ZOBE1
MR A 513, “S171E MgO, “S27i3 3Ca0Si0, & [H%E & h
7.

3-3 @Y=

Fig.1312, MgO ¥ I X U'FeO R O BERESLh O gl &
EDBERERT, BRSO MgORE ORI L U FeO

D
o

|ms1 os2]

[$3)
o

E
[=]

Ratio(mol%)
N W
o o
]

-y
o

(=)

(o] Mg Al Si Ca Fe
components

Fig. 12. Chemical compositions of the slag of S1 and S2
pointed in Fig. 11.

BEOEIMIENY, N2 PESBP LT 224 &
BLERTS, /o, BESPOMOREDORHIMZLY,
ERARHANY T LT 254 b (SECAM) & HRIE 2 5
ORI T 50, BeAESLFeORED LA R AN T
57 274 b (SFCAM) & HfgIE 2 I 7O MO R
D,

Fig14iZ, ZARAINY D LT 2 T4 b (SFCAM)F &
UHERIE X 5 b DO Mg, Si, CalTREBLDOXH~ 1
U7 F o4 F -k BENEERT,

MgicBHL, w7224 FHOFELBEL, 2HSH
ANY LT 2T 4 b (SEFECAMYH DFEFEL KN, £ 77
HERIE 2 5 2 P OFAE IO TRV, BRSSP o
MgOREDHME L iz~ 324 b, BXUEES
RANLY T LT 254 b (SFCAM)HF D Mgl » EH T
5, —F, BRI FOREDORME L I3 44 M,
BEUBRIRHINLY Y LT 254 b (SFCAM)H D Mg
BEMET ¥ 5,

SiCBEL, HRRIEZ 7 S OFRIE LS, B4R
ALY LT 2T 4 F(SFCAM)FR DAL B EV, & 72
VIR A PP OLEEIERRD TRV . BEFESEH D MgO
REORME & 12, HBRIEZ 5 7B O SiRE KT
L, WZERARANLY T L7 254 b (SECAM)H D Si
BEZERT5, F, BRI FORBORME & &1,
HERIE 2 5 7P O SIREIMET T 528, SRS R L
VLT 274 b (SFCAM)H D SiREICKZ 2T &
WV,

CalZBL, EERARANTI I LT 254 b (SFCAM) B
K UHEHBIEZ 7 7P OGS, v 7244 PO

45 45 70

I i‘; P Y
= = o0
& 30 %- € 30 L] 6o | &
295 Py 8 95 g
b= | £ Py § %0
g 2 [ ] g 20 7 £ 45
K 15 u 215 2 < 40

10 =90 S, o < 35

OFe0 49~53massh jod )
5 | MFeO 84massh 5 & & 30
0 — ‘ 0 i 25 N

00 10 20 30 40 50
MgO in sinter (mass%)

00 10 20 30 40 50
MgO in sinter (mass%)

00 10 20 30 40 50
MgO in sinter (mass%)

Fig. 13. Effects of MgO and FeO concentration on quantity of each mineral.
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Fig. 14. Mg, Si, and Ca content in each mineral.
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Table 2. Distributions for Fe for each minerals. (concen-
tration in sinter [mass%])

MgO in sinter 12 2.6 4.0 2.6
FeO in sinter 49 5.3 53 8.4
Fe(1 )[Fe(I) | Fe(1)|Fe() | Fe(1)|Fe(IM) | Fe(1)| Fe(IM)
Hematite: Fe;0; — |27 — |20 - [182] — | 97
Magnetite structure 1.8 | 41| 24 | 79| 24 | 12762 | 168
(e, Mg, JO-Fe05 | ) | L
@ 0.89 0.62 0.38 0.73
Multi component calcium 275 — | 236 — 20.5 — | 238
ferrite SFCAM
Silicate slag 20| — 1.7 - 1.7 - 0.6 -
Total 38 | 543| 41 |534] 41| 514 68| 503
58.1 57.5 55.5 57.1

AR AMB Y BERSSL T O MgO R DRI L & & 122K
BRANY T LT x5 4 b (SFCAM)H I K O HEERIE 2 7
JHHO CalREME T 5. —F, BEASSLFOIRE DH
e & ITHERIE 2 5 7RO CalREIE EST 5,

Table 212, & D Fe(I) B ¥ & U Fe(ll) & % R T,
BERE ST O MO I DR & U FeO IR DRI PE,
ANTAAL N, BIRABRHIILY T LT 2T 4 b (SFCAM),
BRUHREZ 7 VHPOFEMMEFLT, w7344
FHOFENRERT S, w5324 FOMEBRIZOWTIE,
BRGSO MgOIRIZE DRINMNIZ & - T, Fe(I)DHEERT
oMK T35, —f, BERSHLP O MgO FREE 2.6 mass% (=
BT, FeO IR DRI (4.9—>8.4mass%) i k> T, aoflh
RT3,

ZLTC, FuvA FMEHIIZ X 3088 MgOIRE DM
ERY T — o ZREFEC K B FeO IRE DM KN R % iR § %
ELnThidw s 344 M BE RIS HTIE—HT 5
OO, fEEKAL - i FRERIC B 5 Bl PLE &
(KS)¥ L U 1100°C DEICABRIZ 351 5 240 min F TOEIC
BOMREIBRLES>THD, Fuv4 MEIHIZKL S MO
RIS & AU B TEE S h b,

4, EE
4.1 IBEESE O MgOIREDBNIC & 2 HE TR S

B
Fig. 9IIR L2 K912, BRSO ILER D A —ETH >
Té, Fuv4 b4 MgOWE UTHRL 72883, it
WA % U 7= ek 8 & Fbdg L -C 900°C T 180 min D #55E
USRI TH 5, BEREGOVERITTEA MgOIREIZ XS
FEIECRHE IR 5 DIk, MgOTEDBIERHEINIZ B
I BRISHTERG IR E S HEE RITT D EELILN
%, MO TREIFR B O KIS idaik & ORIETH D, @
e U TFRIBNZ ALY Y L7254 FRABHPLTH B &
EZziohbd, 22T, 0.063mmbBl T2t L 72 MgO WAl
Bk & MRk AR O E & AR 4 TEAR, 47
Loy b AMA A B AUF TR TS T 1200°C, 15 min B0
L, ZOWHA SEMBEXUXB~ A 2707+ 74 ¥~

Fu A MEREERIZB1T 5 ST ER LIRS L BRI T SRR
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ME A RS % HER L 72RRET, —H DO MgA Ca k&
BTEHILELRELVEERAL T 5,

—J, BRSO — 22T, BRARANY T L
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#EDT, BIKEOMMY? ETEL Tz, BIKEOMKIT
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DOFBEREBEOLOMEE K L7, KoT, TD27 -
2ETHE, Fu~vA AL 2RO ¥HE T
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TLEHEBEZ 7 7O AR Ehs 28 ThdeEL
bhsb,

R Fig. 9IZ/RL72&912, Fa~vA P& L Y
A, BERSIEH D MgO RIS AR W BEASSERE , BOETTIES B
FThb, I T, Fig.16lZ, MgOIRE BN T h T h
1.2 mass% & 4.0 mass% D BEFE §L00 SEM 1§ d5 K U XH ~ 4
207 FIA4HF—I2KBSi BENME KT S, SEM{E
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[=10N
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Fig. 17. Relation between Mg content and Si content in
SFCAM.
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