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Distribution of MgO in Constituents of Self-fluxed Pellets

Kiichi NARITA, Masahiro MAEKAWA,

Mikio DEGUCHI, and Takefumi SAITO

Synopsis:

An investigation on the distribution of MgO in the constituents of the self-fluxed pellets containing
MgO was carried out by means of X-ray microanalysis and optical microscopy.

The results obtained were as follows:

(1) MgO content in magnetite was not always higher even if the chemical analysis of MgO of the
pellets was higher, but depended rather on the FeO content of the pellets. Namely, magnetite contained
12.6~18.49 MgO and 4.5~7.0% MgO in the cases of FeO content of 0.27~1.459, and 2.60~6.74%,

respectively.

(2) Observed MgO contents in the four phases in the pellets (MgO : 0.3~6.5%, FeO : 0. 27~6.74%,),
were as follows : magnetite : 4.5~18.49;,, Ca-ferrite : 0.8~6.09, slag : 0~5.09%,, and hematite: 0%.
(3) The magnetite phase in the self-fluxed pellets used in the blast furnace of Kobe Steel, Ltd.
was proved to be a solid solution whose composition range was (Fe, ;Mgo.9) O-Fe,O3~ (Feo.sMgo 6)

O-Fe,0s.
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Table 1. Chemical composition of samples.
. Sample — Chemical composition (%)
No. T.Fe FeO SiO, Al O, CaO MgO |Ca0/SiO,
Plant 1 60.84 0.27 4.13 2.10 5.04 0.18 1.22
2 59.30 1.54 4.20 1.86 5.75 1.50 1.37
Pellets 3 61.25 | 0.39 2.48 1.07 3.60 3.90 1.45
Batch kiln 4 61.42 6.74 4.02 1.67 4.75 0.60 1.18
5 61.25 2.60 2.48 1.07 3.60 3.90 1.45
6 63.53 0.91 3.03 1.75 4.27 1.27 1.41
Kiln-ring Plant 7 64.94 4.66 1.94 1.48 3.05 1.30 1.57
8 65.32 15.66 2.14 1.46 3.00 1.11 1.40
9 55.23 8.88 6.44 2.44 9.92 0.33 1.54
Sinter Test pot 10 54.71 13.22 7.03 2.47 11.81 0.33 1.68
! “tp 11 54.95 6.64 6.92 2.29 10.45 3.96 1.51
12 54.66 8.90 7.44 2.25 11.09 4.53 1.49
Table 2. Comparison of microstructure of samples.
T -
Sa‘ig’pfegmem in FeO<1.69 FeO>2.69
(1) Fine magnetite grains are dispersed (3) In addition to the fine magnetite grains
in Ca-ferrite. in Ca-ferrite phases, isolated magnetite
Pellets (2) The size of slag phases is smaller than grains exist.
that of magnetite and the quantity of | (4) Here, slag phase is bigger.
both phases is very small. Photo. 1 (4) (5)
Photo. 1 (1) (2)
(1) Magnetite grains in Ca-ferrite phases | (4) In addition to magnetite grains in Ca-
are bigger than that of pellets. ferrite, bigger magnetite grains exist, and
(2) Slag phases are more developed than the quantity increases with increase in FeQ
Kiln—rin that of pellets. content.
g (3) Ca-ferrite phases are more developed | (5) In the same level of FeO content, each
than that of pellets. phase in kiln-ring is more developed than
Photo. 1 (6) that of pellets.
(6) Slag phases are more developed.
Photo. 1 (7) (8)
No sample comes under this case. (1) Magnetite grains in Ca-ferrite phases are
considerably big.
(2) The quantity of Ca-ferrite and slag phases
Sinter are larger than that of the other two, and
! the form is different due to sintering
condition.
Photo. 1 (9)
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H : Hematite M : Magnetite C : Calcium ferrite S : Slag V : Void 1)~9) Sample No.

Photo. 1. Microstructure of pellet, kiln-ring and sinter.
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Fig. 1. The line analysis of Fe, Ca and Mg in
the ordinary self fluxed pellet by EPMA

(Sample : No. 1).
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2.6% Ll kwcic s & Photo. 1(4)(5) whih k&
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Fig. 1 1 Fe—<A FMEHRMO<V, + Gk : No.
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O Mg oREZ{tz~T. Fig. 1 wiiui, Mg ik
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Mg——, "
— Cﬁl& M —>lS}eM -
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M : Magnetic S : Slag

Fig. 2. The line analysis of Fe, Ca and Mg in
the dolomite mixed pellet by EPMA
(Sample : No. 2).
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Photo. 2. Scanning images of characteristic X-ray of the unslagged part of dolomite mixed

pellet (Sample : No. 2)
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H : Hematite

M : Magnetite

C : Calcium ferrite S : Slag

Photo. 3. Scanning images of characteristic X-ray of dolomite mixed kiln-ring

(Sample : No. 6).

- DA5 7Tt Photo. 3 HbHiodnn L 5 Fe ks
XU Mg iz & AEFELTLIWA, Ca, Si kX
AL REELTVS. AT ZUSN0MIc kIt 5 TED
SIREET BIRD vy FOFEHLIZEAEFLTH
5.

BERESLCBI LTk, kD HELIZLALE LD
THHDT, BEHSNOFBERCOWTDOER KET BN
5.

3.3 EPMA [CX3EBFITHER

FFRL ., PROWT, ThTh 2~5 {Hfid EPMA
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Table 3. Analytical results of chemical composition in typical mineral phases in pellets

by X-ray microanalyser.

Chemical compo-
sition of samples Analysed As oxide (%)
(%) N
MgO FeQ | P Fe,0; | Fe,O, FeO CaO MgO Si0, ALO,
Hematite (96.4~99.7 — — 0.4~2.7 0 0 0~0.9
0.27~.1.54 Magnetite — 77.3~85.0 — 1.3~2.0 {12.6~18.4 0 0.9~3.4
) *“7 \Ga-ferrite {55.8~68.9 — — 14.1~22.7 4.0~6.0 | 5.4~12.4{ 3.8~.8.1
0.18~3.90 lag — — 29.3~.31.3(22.1~36.1| 2.7~5.0 [21.2~-31.9| 4.3~8.1
Hematite (98.4~99.4 — — 0.6~0.8 0 0 0~0.9
2.60~6.74 Magnetite — 89.4~93.8 — 1.3~2.1 1 4.5~7.0 0 0.9~2.1
: "% Ca-ferrite |61.6~74.1 — — 12.5~20.6| 0.8~2.3 | 5.8~10.1] 3.6~7.2
Slag — — 10.6~22.3(35.4~48.6/ 0~1.3 |26.1~35.1| 5.5~14.7

hematite DJHICHAT5.

(4) %7, magnetite i3 MgO o&HEIT
Akt FeO BLBR LTk Y, FeO Bz
5 #3 magnetite © MgO EFRIIEL eoT\\5%. T
ek, Table 3 2xBiosnd X 51 FeO gEat 0.27~
1.54% D34, magnetite b MgO €K E1r 12.6
~18.4% THHH, FeO B 2.60~6.47% Licz &
4.5~7.0% L{EL 7zDo T\ 5.

(3) wvwoirks, o MgO D LZEHITEL H
CTHHMPD MgO SFRISLTLIFELS 22T
eu (Fig. 5,7,8). ChEEMLI-Fe<A + O—i
DR Photo. 2 iR L X 5 e ke b oREE©
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WINE AT 57200 Clel, BEARK BT 5EE,
MR LOFER (bo,) 78 &E D FHo T Biosd
TELENRDS.

DEK, FAv) v B IOCHBREREOWTO
HFHE R Table 4 35X Table 5 wiRd&kn T
By, FHPOERYOHIRERR EXEBDO< v 5 b
DBE LI EA LR CERIIC /DT 5 F bR 7o stib
XEMET S, 7ok BRI O\ TRk OB gek
R~ Ly —FH LT 5.

3.3.1 magnetite 1IcBE3 % PSR

Fig. 3 12508 F D magnetite HHicBI34% EPMA ©
SFREREZ RS, Fig. 3 ©k\WTA,D (xH) zh
Fh MgO-Fe,0;, FeO-Fe,0, 1= 53 % dDTh
H, WikE AD 2 MgO- Fe,O; & FeO-Fe,O; D EEHK
DA A FES. AP THEE LA magnetite |3 CaO
L ALO; #4EEFLTW5 MgO-Fe,0O;, L FeO-
Fe,O; EY{E (magnesio-ferrite : MF) L # % 5
hn., Fig.3 @mix Fre=a11r_v,y, VBT 2 G.

25
PIS|K
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20 MgO > 1% ¢ |aAlm
@ G.Thaning
L5
) A
o ) N Fe0>2.6°%
= o
10 - o'~
ogag oYy
a o M .
~N
51 dos™.
FeO0 <1.6 %, ‘g\‘\
0 1 ] L Aa D |
50 55 60 ©5 70 75
Fe (°/o)

P : Pellets. S : Sinter. K : Kiln-ring.
A MgO'FezO3. D: FeO~F5203

Fig. 3. Relationships between Mg content and Fe
content in magnetite analysed by X-ray
microanalyser.
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2.8%, MgO :0.5~1.9% T» b KPR CHV == L v
FEDBEDNEL, 2T IENDI.
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(Feg sMgo 1) O-Fe,O5 LHE L TWWABDIK LT, EH
LORE L uE, FeO 828 1.6% LIFo<v, b
1% (Feq.1Mgo.5) O-Fe,O3~ (Fey (Mg ) O-Fe,Op L 7g
D, WMHEZTFE-HLTWBEEELLRSL. 0BG
MgO-Fe,O; & FeO:Fe,O; OB TFERMIER I T
DXBEWTI IO CEBHEERCRD B L3 TER
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AT A Bl 1726°~1853°C Lish, Mo
magnetite OFE (1591°C) Xy dREhENT &
bms. ek Fig. 3 widsnr vy v 7 L BEKOS
BFLRLTCOBED, MEELEIRVy FPOFFLIFERAT
HAER LT3,

Fig. 5 133kAdo FeO & & magnetite drod MgO
PEEE L 0BG RT. Fig. 5 75 FeO ofgmd
it magnetite DR FOHIMC & b 7> T, mag-

3000
AR
\N S
200"\ S~ _
N \\\ Liquid
(8 \\\
< 2200+ SWMWHL S
v N ~
= \\ \\
-
% 1800 IR
g =
g MW
& 4L
1001 MF+MW N
w?(
I | I 1
1000
0 20 40 60 80 100
Mgo (wtol) Fe03
L : Liquid. M.W. : Magnesiowustite.
M.F : Magnesioferrite. H : Hematite.
A : MgO-Fe 03 (1906° C)
B : (Feg.1Mgg.9)O-Fey O3 (1853° C)
C : (Feq.sMgq.s)()-Fe, O3 (1726° C)
D : FeO-Fe 03 (1591°C)
Fig. 4. Phase diagram for system MgO-Fe,O; in
air.
20
+ Pls |k
L Mgo<i%|o|a
lsLm Mgo >|°/° ¢ A
- e 9. G.Thaning
g B
S 10t
= A
° o
5 o
LIS
A 4 1 A I.
(o] 5 [0] 15 20
FeO (%)

P : Pellet. S: Sinter. K : Kiln-ring
Fig. 5. Relationship between MgO content in
Magnetite and FeO content of samples.

netite > MgO  OEBFEIMET LTV 5% 2 Lalion
H. TDX 5 RIS OBMENE L OBIFER R L
fo MgO-FeO-Fe,O, RIRREM® (Fig. 6) 2Bt
ha. Tiobhb, BRIRENFA—THIEEHPOREE
SFEDET & & 3 ic magnesio-ferrite thod MgO D[F
WENHA L, FeO 2 MT505TH%B. 2T 5,
KMEFOMES N FE— CHREREDS LR LICEAD,
Fig. 4 7> B 5% X 5, magnesio-ferrite 70> MgO
DEERIA 5. F7: Table 3~Table 5 DiER
P EhETEL % L, magnetite th MgO DOEBE
vy biD MgO BXh b FeO mDFE% 5
S5 TWBT E bk, WOIE 5, magnetite i
CaO, SiO, ¥ XU AlOs13, Table 3~Table 5 75

FeO_[70 80 90 Fe,0;
Fe;0, Wt%

M.F : Magnesiowustite. H : Hematite.
M.F : Magnesioferrite

Fig. 6. System MgO-FeO-Fe,O; at 1300°C and
different isobars corresponding to equili-
brium oxygen pressures 16).

20
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S
3 10F
=
B
5..
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0 AL A L
(o} 5 10 15 20
FeO (%)

P : Pellet. S: Sinter. K : Kilin-ring
Fig. 7. Relationship between MgO content in
Calcium ferrite and FeO content of
samples.
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Table 4. Analytical results of chemical composition in typical mineral phases in kiln-ring

by X-ray microanalyser.

Chemical compo-
sition of kiln-ring Analysed As oxide (%)
(%)
MgO FeO phases Fe,0, | FeO, FeO CaO MgO sio, | ALO,
Magnetite — 84.0 — 0.1 14.1 0 1.5
0.91 Ca-ferrite 63.5 — — 21.0 2.7 3.6 7.2
lag — — . . .2 .
| 1let.30 Slag 4.0 50.4 0 39 1.9
4.66 Magnetite . 93.0~96.1 — 1.3 0.8~3.7 0 1.3
"15.66 | Ca-ferrite 65.0 _— — 18.8 0.3 8.3 6.0
e Slag — — 12.1 42.1 0 35.1 9.8
Table 5. Analytical results of chemical composition in typical mineral phases in sinter
by X-ray microanalyser.
Chemical composition .
of sinter Analysed As oxide (%)
phases .
MgO FeO Fe,O, [ Fe,O, ’ FeO , CaO ’ MgO { si0, | ALO,
Hematite [97.2~.97.5 — — 0.6~0.8 0 0 1.1~2.3
0.33~4 536.64 Magnetite — 87.8~.95.1 — 1.3~4.1 | 0~7.5 0 0.9~3.2
OO ~13.2 | Ca-ferrite [62.9~69.5 — — 18.8~21.8/ 0~2.0 | 6.6~9.8 | 3.0~7.6
Slag — - 11.1~13.8/45.2~49.7| 0~1.2 |33.4~37.9 3.0~.5.8
20 L2 Liea b G. THANING® DFERTE 0~4.0%
PISIK BThy, AP EERCEYTRLTS.
[EO<I% ola
Moo>i% [ - &
o G. Thoning .
N BBV b, 1Y v 2k L0 HBEREEREE O
o 'or S@EWHFD MgO D4pAfico>T EPMA X b
= Tk LI, D& 0L 570s &5 basH b aic 7o
5p a 7e.
He (1) HBEMERv, roZBEHEFDO MgO &F
(o]
-o—ul A e —_— =¥, magnetite, Ca-ferrite, slag, hematite DJFi= 5
© > o B HLTHD, Lirbikiho MgO &8RRI LT
FeO (% )

P : Pellet. S : Sinter. K : Kiln-ring
Fig. 8. Relationship between MgO content in slag
and FeO content of samples

bbb Lo, FeO Bk X MgO 8i1ix & A Y%
72 FIFFA CEZR LT 5.

3.3.2 Ca-ferrite XX O'RA S5 ZDHWiER

Ca-ferrite FZHFEET S MgO &It Fig. 7 Rk
51 FeO BOMMME LSBT AERMEZR LTS
75, magnetite F#d> MgO Eo#) 1/3 THhBi,
magnetite DPHIF EBHFELBIR Tl 7o\ .

¥R 7D MgO ogF =it Fig. 8 iwmd X5
1. Ca-ferrite OBE LIZITFREDOETH 55, FeO &
N 1.6% LLTFDORUVy FOBAETIIELDOEAKE L.

LE 2T, CORRO—oL LTHEM L F
7 A b O—HBRIGE TR ORE TRE LT
T EhELDbRD.

(2) B#HME~<vy Fo magnetite fihd MgO 4
HE, REFRD FeO BAE g LEL o T 5.
3 754>, magnetite fiFd MgO 4H 813, FeO &
7 0.27~1.54% oL %1 12.6~18.4% &7 b, FeO
B 2.60~6.74% DL E 4.5~7.0% LicoT\ 5.

(3) B, YHoBRPrEALTwsaEESY,
Frhicit MgO DEEEN D (Fey.;Mgo.) O-Fe,O5~
(Feo.4aMgo.6) O-Fe,O05 D BIC Y3 % megnetite &
magnesio-ferrite DEFENEE L, FORLLIT 1853°
~1726°C THh 5.

(4) F vy vk X O HEMEERGEL O &8 i
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