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Effect of MgO-component on Various Metallurgical
Properties of Self-fluxed Pellets

Osamu 'TSUCHIYA, Takeshi SUGIYAMA, Mamoru ONODA, and Isao Fujita

Synopsis :

Effects of MgO component on metallurgical properties of fluxed pellets with 0.5, 1.5 and 2.0 of CaO/Si0,,
were evaluated from a laboratory—scale reduction test, high temperature reduction test, and softening test

under load with one pellet.
The results are as follows :

- (1)  Reduction degree at 900°C~1 100°C increases with the increase of MgO contents in pellets with
0.5 of CaO/Si0,, and with 1.5~2.0 of CaO/SiO, indurated at 1 200°C.. However that of the latter pel-
let indurated at 1250~1 300°C does not change or decreases slightly.

(2) Swelling index of pellets with 0.5 of CaO/SiO, shows higher values of 20~45%, at 1~29%, of MgO
contents, and that of pellets with MgO 4%, lowers to 10~15%. The index of pellets with 1.5 of CaOJ/

Si0, decreases with the increase of MgO contents.

(3) Softening properties during reduction test under load areimproved with the addition of MgO com-—
ponent, especially with more than 49, MgO than 2% MgO in case of 0.5 and 1.5 of CaO/SiO, respective—
ly, because magnesio—ferrite and/or MgO-contained calcium ferrite phases with a better softening prop—

erty are generated in pellets by adding MgO.

High temperature properties are better in the pellets that showed higher forming temperatures of pre—
liminary liquidus slag from DTA curves of wiistite powder of pellets.
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Fig. 1. Effect of MgO contents on crushing
strengh of sampled pellets with various

Ca0/8i0, ratios and indurated temp.
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Fig. 2. Effect of MgO contents on total- and
open porosity of sampled pellets with
various CaO/SiO, ratios and indurated
temp.
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Fig. 3. Effect of MgO contents on reduction
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Ca0/Si0, ratios and indurated temp.
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Fig. 4. Effect of MgO contents on swelling
value of sampled pellets with various
CaO/Si0, ratios and indurated temp.
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Fig. 8. Effect of MgO contents and indurated
temp. on softening and melt~-down tem-
perature by softening test under load
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Microstructures of pellets reduced up to 1300°C by reduction test during elevating tem-—

perature with 10°C/min of heating rate. (w : wustite, s : slag, M : metalic iron)
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Fig. 12. Relation between exo~ and endothermic
peak temp. obtained from DTA curves
of powder of pellets prereduced to
wustite state at 900°C, and CaO/SiO,
ratio and MgO contents of sampled
pellets (pellets indurated at 1300°C).

— 7 BEZ, MgO &Rk Tt CaO/Si0, H.o
Wb ETETOEAEF L, £ Ca0/8i0, i
FU T MgO BOBINCHE 5 B ERERO ©— 2
BEOZELRA—OEMCHS.

Fig. 13 3EE 1300°C TR LcX vy F OElRE
TRE IUERELTRARE OIMER &, Fig. 14 1IHE
BRAERRER X b 1B 7CHKILBRRTREE 3 X OY 602 BRALIRE &
FRBRREBS TR OEREMR S e — 7 RE H,
BE) LOBRERLIELDOTHA. MERRIXENRE
RHEBEAR bR, L oTERERETERBC BT
5 WA D& BRE AR L, RERSIIC X 5 RE
MR D ZEE ) b - OWHEERIRE L HEFTRETH 5.
4.2 BTEE~RV v MREMEOHERE

RCERBETLRECBTE v,y by B
IUA s Z o MgO Rine X 5 #RE Y EPMA 1@
XA EEDHHERD bKEIT 5. Table 1 3 Photo. 1
E—RVvy PEDOWTD EPMA HfERER LIz
DTH5H.
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» M MgO BoimcfeoT MgO 4% ¢ 5.8% ~
LETFLTWA., Uy AR BWTH Fif$o
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Fig. 13. Relation between reduction degree and
shrinkage value by high temp. reduction
test at 1250°C, and endothermic peak
temp. in the lower temp. region on DTA
curves.
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Fig. 14. Relation between softening temp. by
softening test under load and endothermic
peak temp. in the lower temp. region on
DTA curves.

BEE L EEEO ZHN HPTIh MgO 4% kT
FeO 6.5% o—HEc5.

MgO HHEO IV y MEBWT FeO EE®D
Bl 2EAERLTWA, ZhiIZKRO X 5P IR
5. WO TN X R, BERERC HET5< 7%
YA7 =54 bD MgO BEL 5~15% LRRET,
MgO HRINEOHIMTEE > TEFET LTI EE I
TEWEZRT. LihoT, MgO HingEo i
HiTit, BLRECS TR PECRE L~
RUFTAEAL VELSBOVAZAL VEERL, INFH
B NCIREDOEENAZ V. FEFOFEY)D~< IRty
AR YINDBAT IO - BWIREBIZ Y A XA b
LOFNCHRTE DD EEL DD, RIEDA
5 ZIHMEFeORE LY, BEDTIIIFFeORE L
7o) 2HDAS FPRNERTSH. FIINERIEERE FeO
BECKDDDEEZ BRAD, BILINEI» HET
T e, —BICILINEE & PR O RECEWTE
FeO BERS /RS BICHERTHDOELHEEIND.

DL 7o 48 OB & FIRRIC 2 OFFFER b miE eIk
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Table 1. EPMA analytical results of each phase in pellets reduced up to 1300°C by reduction

test during elevating temperature*®

Aimed Part of wt?, as oxide CaO C+M
MgO Pellet 30 S Phase
(%) FeO CaO | SiO, | ALO; | MgO | Total 2
Shell 27.0 | 37.5 | 30.6 0.4 1.3 96.8 1.22 1.27 SL
¢ 8.8 54.3 34.2 0.7 2.1 100.1 1.59 1.65 SL
0% 96.4 0.5 0.2 0.8 0.6 98.5 w
Core 3.0 | 62.6 | 34.0 0.4 0.2 100.2 1.84 1.85 SL
14.2 50.3 | 33.3 0.3 0.3 98.4 1.51 1.52 SL
Shell 89.8 0.8 0.3 0.9 2.1 93.9 w
8.8 52.5 | 33.5 0.4 2.1 99.1 1.57 1.61 SL
1%
89.9 0.5 0.2 0.5 1.8 92.9 W
Core 14.4 | 44.9 | 33.1 3.3 3.3 99.0 1.85 1.46 SL
9.1 52.8 | 33.7 0.2 1.6 97.4 1.56 1.61 SL
Shell 86.0 0.7 0.2 0.8 6.4 94.1 w
7.9 | 46.5 35.0 0.2 8.1 97.7 1.32 1.56 SL
2% 9.7 | 05 ] 02| 07| 22| o3 W
Core 8.8 51.4 | 33.1 0.3 2.1 95.7 1.55 1.62 SL
12.9 | 45.8 | 33.3 0.3 3.9 96.2 1.37 1.49 SL
Shell 83.5 0.7 0.2 0.7 9.5 94.6 W
5.8 | 46.6 | 35.1 0.3 9.0 96.8 1.33 1.58 SL
4%
Core 87.6 0.4 0.2 0.7 5.3 94.2 w
6.5 52.7 33.7 0.3 3.2 96.4 1.56 1.66 SL

(C+M)/S : (CaO+MgO)/SiO; W : Wustite, SL: Slag, * :Heating rate=10°C/min.

~HETAORT LS. HFMHOFERLZDT gk cEl
Uiz, &z Table 1 wR3THEHBEDOS O LHEE L
WHDEREL, OB ESV y P OIEESVHEE %
Hiz Fe, CaO ¥ X 8 MgO o ic DLW C 6 F 7ok
ST ROBT HBREBECEHEOFELERY SV y b
SN L P R E R O WTERT A, RL,y, b e
& LTOZMHEDFERESR RD D I DINEE & s &
DEIEERKRARI VEET5.

(UNERFeO% X A+ rh%iFeO% X B) B
x0.01x (O/FeO) _1 BILR

B~ vy +dh O, % T 100
T ZC, A(%) IR OEIE, B(%)=100—4 3
BHoglEThSH. D A, B DEFTIHTOWTRD
TEHOFERBC TN ThETH L X b HFHOERE
B2RES. Table 2 KFHOFER LINEH R L O
B o & 0B AR YR T,

INEERA Z 7 HHix MgO B oo fFEEEs
WAT5H, Fido EPMA X BB E» S
MgO EHENE L T FeO SFED RS 7L
£h. Fio, BEHA S SIS L OFEEREORAS Y
AL, XV b MgO 1% % Tit FeO 14.2% n =
5 Vi R¥%E, MgO 2% Tl FeO 12.9% = 5 7ii%

FEE HD, Ik MgO 4% Tt FeO 6.5% D&
FeO BDRA T FHOADELE LS.

Pl EDRILE ECAERT A WHORE, £8MHEoMH
BB O DFERCETARALD, <L,y FOEE
HeReEE s JiE3 MgO R OfEFIRKR D X 5 il
Iha. Tigbhb, ARETRECEVWTYRAZAL b &
A7 7HEDRIGC XD FeO By MNA 5 7FH~WERT
BT LR LD CDART FHHORR L T CHIBWAE 4
BTs., vAZA FHEF~MgO RERTAZ L0 LD
TAXA rHRD Ferr g LT MgO »E¥ Licy v
AxA4 PRENTAS 7~ D FeO DBE@BEIFA
THLDEELZBRS. Lichi2T, MgO owAxq
PO LB v A 24 L OBE—LOEER IOy
Az A PP MgO BER, FRHEEREER Lo

CEDERERTE L, MgO HRIMEDOE v, Mg X

RITAXVET7 =2 T4 P DERENRS T LB MgO o
VAR P~ DOIEEIL TR LT TS, RS
EOBWEE v,y MCEENERT AU D
AZA P DOEH—LET TBHD, AF Z7HH~D FeO
BRENED TS, DX 5K, BREBECEKIT 5
WHOERIRE . B & DItz L DEBREXRA T 5 1E
% MgO BT 5hc bic kb, BRMERS%ET
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Table 2. Calcurated existing amounts of both
layers and each phase in pellets
reduced up to 1300°C by reduction
test during elevating temperature¥.

MgO in pellet (%)
Layer of Phase

0~ 1.0 2.0 4.0
Shell (%) 39.7 69.9 70.3 88.1
Core (%) 60.3 30.1 29.7 11.9
Thickness of
shell (%) 15.5 33.0 33.3 50.8
Iron (%) 32.8 27.8 45.8 43.7
Wustite (%) 51.3 59.5 39.0 41.4
Slag (%) 4.4 8.7 11.5 13.6
(27.0) | (8.8 | (7.9 | (5.8
in Shell 2.5
( 8.8)
Slag (%) 9.0 4.0 1.9 1.4

(14.2) | (14.4) | (12.9) | ( 6.5)
in core tr. tr. 1.8

(3.0)| (9.1) | (8.8

Reduction (2;) | 56.6 54.2 68.4 67.9

* : Heating rate=10°C/min. ( ) : FeO in slag

2HDEEZBRS.
4.3 BV v bhEMBORELMER

MgO ¥ine X % miRtER 0B ki, Bl vy b
CHET AW L DBERHBREDHIDEEZLD
5. Fig. 15 13, B0 MgO HmINEEE~< LV » b
hOEEB OIS E, FYME—OERK{LE
B R RERB TR LD OTH % - SHAARE
WM oERGME% Table 3 wiRd. MEKERBRAEZ
BE® L R—Th B D THEWTS.

<R YHAT =54+ ORERCEEEEEEA T 7
(DY TRIFTHD. v a7=25414+(C)0D
fiEE b MgO 2 aF 5z Lk 1130~
1340°C pEEBICE W TREIHFEFEIND Y, KERE
EAT (AL ILEI MgO #E&FTHZ LT LD
FT%. MgO K 2% R THHEREERS 7 (B)
HEEEE A T 7 (A) X0 b TR RF T
BB, BE 1200°C Dk bAagcikk L, #1260
°C CHRELT 5.

Fig. 16 IR~V y» P HORKGYWHOFELEERL IO
BISILEE, *vy P OERERES LTHREE 10
°C/min D&M T CORERILRER X b R 1HkLER
BER IO 60% HLERE X DRIEBERTR YR L
TRLIEDDTHD, =RV FA7 254 PERITI N
VW AT =T FOERENSEL KBITE, ZESEMER
ENRIFE I HBERPREIN, ¥~ 3ot 72541
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Fig. 15. Shrinkage curves of hematite ore and
synthesized minerals.

Table 3. Synthesized conditions of sampled

minerals.
Min— Chemical reagent (wt%) Synthesized
eral . CaO/ |temp. | time
Fe,O;3| CaO | Si0, | MgO Si0, | °C h
H 99.8 1300 5
MF | 90.0 10.0 1300 5
A 30.2 | 24.3 | 45.5 0.53 /1300 5
Al 24.1122.5(43.5| 9.9/ 0.52 1300} 5
B 15.3 ({41.7 {41.2 ] 1.8 1.01 /1300 5
C 78.4118.7 | 2.9 1220 5
(o 75.3 | 17.9| 2.8 4.0 1220 5
D 24.3 | 43.5 | 31.7 1.37 /1300 | 0.17

H : Hematite ore, MF : Magnesioferrite, A, A’ : Low basicity
slag, B : Middle basicity slag, C, C’ : Calciumferrite, D : High
basicity slag

FAOVEREPIEEREE A S S R EEER 5 S04
BhHA T %5 Ca0/Si0, HAs 0.5 35 X8 1.5 © MgO
1% wH\ T, HF SRETEN NOEL RLTLH
5. ZDOXOE, BEERAVy FERCHERCEORFR
BRIXVFAT7 254 VERIBIIAVYTIAT 254+ D
EREVPS I EERER S RIFL 70D, B—gPon
HHEME: &3S0 LBERE R T\ 5.

5.

b= =]

HEHEEE 0.5, 1.5, 2.0 0T MgO 458 0~4Y
(~8%) DI T4 FEL L7z 10mmg DLV, P HE
BRERC Bl L CAEHR SR s XiEd MgO iino
EELH LI L. BOhIHERIKROMBY THS.

(1) #®ILFx MgO ek b CaO/Si0, it
0.5 D=Ly b CizHik L, CaO/SiO, s 1.5 B X
& 2.0 DRV oy PCERBEREE 1200°C 085138k
TEHNBEREE 1250~1300°C OBAIIELA o\
EF3%.

(2) &< higguz MgO ok X b, CaO/Si0,
K2t 0.5 ovy b Tk MgO 1~2% i\ T 20~
4% LRWERZRTHENE L, MgO 4% BT
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Fig. 16. Corresponding relations between high
temperature properties, and open porosity
and existing amounts of each mineral
phase in indurated pellets. (H : Hematite,
MF : Magnesioferrite, LS : Low basicity
slag, CF : Calciumferrite MS : Middle
basicity slag, HS : High basicity slag)

BHT 10~15% ~EL{ET$+%5. CaO/Si0, H:at 1.5 @
vy FTIHETERL, CaO/Si0, [k 2.0 D2V,
| C1E CaO/SiO, At 0.5 D21y b &R MgO
1~2% ThThie ml s @RCH 50, HhiEK
i3 107 DA &f&u-.

(3) mEELHRIE MgO oFEmc X hHEI RS
HAe b5, BEEERC XD MgO Hinozh R
%. RIR#EE 5°C/min s\ Tk MgO i OB
CAE O TR ERILERIIRF & 7255, AlREE 10~20
°C/min = #\ Tk CaO/Si0, kit 0.5 Tix MgO 4
% DIk, CaO/SiO, Has 1.5 iz MgO 29 M L&
HLTHDTHEZFCHEINS.

BERL~ vy IR HBLT 5 SRR o T EEK L 25 B) Dl
E b, MgO RFIEREHT5 & Lic Xy irEkbM:
ROBFR=7 %47 =54 P ERiEMgO 2E5F L
FeANY T AT =54 b OAERS SR THRERD K
EXNLDEHEINS., =7 X2 Y+ 7254 D4
AT, MEREOCEWEEREEAR S 7k LU
EEEAS IEE ER LNV, PERBWTHIRER
BILTERIENEZRT.
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