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Study on the Mineralogical and Metallurgical Properties

* of Synthetic Calcium Ferrite
Kojiro KojiMA, Kyoichi NAGANO, Tadahiro INazumr,

Katsuhiro TARAGI and Kohichi SHINADA

Synopsis: .

The large perfect crystals of typical calcium ferrites were successfully synthesized by “solid-liquid
reaction method” from mixtures correspond to CaQO:Fe;Oz, 2C20-Fe O3, CaO-2Fe;0;, 4Ca0-FeO-
4Fe, 03, 3Ca0-FeO-7Fe;03 and 4Ca0Q-FeO-8Fe;O;, respectively. The mineralogical properties of syn-
thesized calcium ferrites, i. €., optical characteristics, reflectivity, etching effect, microhardness and X-
ray diffraction pattern, were examined.

Besides CaO-2Fe;O; compound, a ternary calcium ferrite compound proved to exist, whose chemical
composition is approximately similar to CaO-2Fe;O3 and is estimated to be one of the followings :
3Ca0-FeO . 7Fe,Oy, 4Ca0 -FeO 9Fe,Q3, or 4Ca0-2FeO-9Fe;O5. X-ray diffraction patterns of CaO-
Fe, 03, 2Ca0-Fe;0O; and 4Ca0-FeO-4Fe;O; were in agreement with the data of previous workers.

For determining metallurgical properties of binary calcium ferrites, about 2kg samples are syn-
thesized by solid state reaction. The conventional testing methods for iron ores were applied, i. €., the
JIS methods for testing reducibility, the rotation strength after reducibility test, the degradation strength

after reduction at lower temperatures, and the temperature of shrinkage, softening and melting. The
degradation strength after low temperature reduction of binary calcium ferrites is much higher than

that of actual self-fluxed sinter.

(Reccived Feb. 13, 1969)
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Table 1. Melting and holding conditions for synthesis.
Melting condition Holding condition
Sample

Temperature (°C) Time (hr) Temperature (°C) Time (hr)
CaO-Fey Oy 1300 3 1205 5
2Ca0-FeyOy- 1480 3 1250 5
CaO-2Fe, 04 1350 3 1170 5
4Ca0-FeO-4Fe,0, 1350 3 1170 5
3Ca0 -FeO:7Fe;0y 1350 3 1170 5
4CaO-FeO: 8Fe,Oy 1350 3 1170 5
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| — Capsule

| Synthesized somple -

Fig. 1. The schematic sketch of synthesized sample.
The position where single crystal is taken
from.

Photo. 1. Single crystals of the sample from the
mixture of 4Ca0 FeO-8Fe;0;. % 20(6/7)

oot i *

Photo. 2. Single crystals of the sample-from the
‘mixture of 4Ca0-FeO-4Fe,0;. x20(6/7)
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a) Under crossed nicol
b} Under open nicol (The arrow indicates scanning path)
X 160 (6/7)
¢ ) Results of scanning analysis by EPMA with reference to
Fe and Ca components

Fig. 2. Microphotographs at same surface of the
sample examined, CaO-Fe;O;, and results
of the scanning analysis with EPMA.
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a) Under crossed micol
b) Under open nicol {The arrow indicates scanning path)
% 160 (6/7)
¢ ) Results of scanning analysis by EPMA with reference to
Fe and Ca components

Fig. 3. Microphotographs at same surface of the
sample examined, 4CaO-FeO-4Fe;O,,
and results of the scanning analysis by

EPMA.
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a) Under crossed nicol
b) Under open nicol (The arrow indicates scanning path)
% 160 (6/7)
¢ ) Results of scanning analysis by EPMA with reference to
Fe and Ca components

Fig. 4. Microphotographs at same surface of the
sample examined, 2CaQ:Fe;O;, and results
of the scanning analysis with EPMA.
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2 ) Under crossed nicol (White phase : hematite)
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¢ ) Results of scanning analysis by EPMA with reference to Fe
and Ca components

Fig. 5. Microphotographs at same surface of the

sample examined, synthesized from the
mixture of CaQO-2Fe;Q3, and results of
the scanning analysis by EPMA.

RRHNS. .

FeO-7Fe,0;.

Fig. 6. Microphotographs at same surface of the
sample examined, synthesized from the
mixture of 3CaQ:FeO-7Fe.O;, and re-
sults of the scanning analysis by EPMA.
In the recording chart of EPMA anal-
ysis, “T” is shown tentatively to be 3CaO-
FeO:7Fe;0;.
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Acceleroting voltage 25kV
Specimen curr.  O0ISpA

|~ 3ca0-Fe0- 7Fez03 Eutectic crystal

Gk ¢ poispae e
The mix 4Ca0-Fe0-BFe03

No i

Accelerating voltage 29KV

The mix 4CaQ-FeQ-BFex03Line 2
Specimen curr.

1 3Ca0-Fe0-7Fe0s3

No 2

C-Ke g6 goispa oK

0015 uA

t&’f;

Full scale fe 1600 CRS
Ca 400 CPS

1600 CPS
400 CRS

Ca

Full scale Fe

a) Under crossed nicol b) Under open nicol (The arrows indicate scanning pathes) X160 (6/7)
N6 1), No 2) Results of scanning analysis by EPMA reference to Fe and Ca components

Fig. 7. Microphotographs at same surface of the sample examined, synthesized from the mlxture of
4Ca0-FeO-8Fe;0; and results of the scanning analysis by EPMA.
In the photo under crossed nicol, hematite is white, e eutectic crystal is in dark, and greyish
white phase is “T”* which is approximately similar to CaO-2Fe;0s.
In the recording charts of EPMA analysis, “T” is shown tentatively to be 3CaO-FeO- 7Fe203.
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. © 4Ca0-Fe0- 4Fe,0s D7 DI ITEE DO E VX TER b DRd,
2Ca0-Fe;0s Co0- Fe,0s R .
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pos BT 5.
25

Theoretical value . (%)

Fig. 8. Relation between secondary X-ray intensity and

Ca0-2Fe;0; & “T” OWRMAEIHD H v
Y AT T4 FEDDNET VO PEFETD

theoretical weight percentage with reference to Ca 5.

and Fe components in synthesized calcium ferrites.
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Table 2. Comparison of chemical composition between CaQO-2Fe,QO; and other calcium ferrites.
Fe (%) Ca (%) O (%) Fe.03(%) FeO (%) | CaO(%)
Ca0-2Fe;O5 59°50 1067 30 | 85 — 15
4Ca0-7FesOy 5825 11-94 30 83 — 17
4Ca0-FeO-8FexOy 60-33 10-19 29 8! 5 14
3Ca0 -FeO-7Fe Oy 61-69 8-85 29 82 6 12
3:6Ca0-0'4FeO-7Fe; Oy 59-64 10-70 30 83 2 15
Ca7.2Fc+ +g.3Fe+++30053 60°21 10°10 30 91 1 8
8(Ca,Fe) ,Fe;,0s, 7154 — 28 91 — 9
4Ca0:FeO-9Fe, 03 6122 9:25 30 83 4 13
4Ca0-2FeQ 9Fe; Oy 6187 8-88 29 80 8 12

B THH. OBV I LT = T4 PRIIHERSTE
I\

Table 3. Reflectivity of synthesized calcium

ferrites.
589-5m p 473m p
Wave length R, R, R, R,
¢ (max) | (min) | (max) | (min)
Ca0O-Fey, Oy 19-9 17-1 21°3 18-7
. 19-9 17-3 21-2 18-8
19-6 17-1 22-2 18-8
19-7 17-5 20°6 16-9
19-7 16-8
4Ca0O-FeO- 18-8 15-1 18-5 15-8
4Fey0O4 17-5 15-3 17-9 156
18-8 14-2 18-2 15-4
 20a20-Fe,05 | 164 | 141 | 184 | 151
16-2 13-8 17-9 15-6
16-8 13-7 18-2 15°4
R N 19-8 18-6 210 20°2
200 18-8 20-8 200
19-7 185 20-9 201
19-9 19-3
200 18-7
CaQ-2Fe, Oy 19-3 18-7 19-7 18-7
18-8 17-6 19-8 18-7
18-6 17°9 | 21-7 20-0
18-6 17°6 201 18-4
21-6 19-6
1) ““T"” : a ternary calcium ferrite not defined.

%9 30y DER OHEFZRITX CaO-Fey0; & 2CaO-
Fe:O3 W3 BAACTH D, DI VLI 6T = T4 IR
ZHTHS.
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DD TFPFEEINLT L, 4% 3 ¥ CidPhoto.
3(CO)ITHBEND IS, MEDEBBEIILY>THS.

PAEZEAR 54 FhilE o BBIEE T S Twinw
CaO-2Fe;05, 4Ca0-FeO-4Fe;05 kL U° “T” DA
MREPLPITTH LB TE .

35 wEE

YA 2 utyh—2BEOEIEER S Table 6 TR
§. 2Ca0-Fe;03 DEESFEDEL, THIEAELDD
EREGIC X2 THER LI VYD 5T = 54 bOBE

Table 4. Optical characteristics of synthesized calcium ferrites.

Colour &:ggﬁ?ggm Anisotropism Internal reflection
CaO-Fe,O4 Greyish white Very weak Remarkable Deep red
2Ca0-Fe Oy Grey — D Remarkable Light brown
4Ca0O-FeO-4Fe,04 Grey — D Weak — D
CaO- 2Fe O, Greyish white — ® Very weak — 2
“T” B Greyish white — D Very weak — 2

1) “T*’: a ternary calcium ferrite not difined.
2) —: not detected.

‘™
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Photo. 3. Etching effect of synthesized calcium ferrites.

Table 5. Etching effect of synthesized calcium

(A) 2Ca0-FeyO; is etched by method 1.
(B) 4Ca0O:.FeQ.4Fe 03 is etched by method 2.
(C) Ca0-2Fe;0; is etched by method 3.

(Note) H : Hematite

M : CaO:Fez0,
D :2Ca0-Fe; O3
4-1-4 : 4CaQ-FeO-4Fe; O3
CF, : CaQ-2F¢;0;
T : ““T*" a ternary calcium ferrite not difined
X 160 (6/7)

Table 6. Micro vickers hardness of synthesized

ferrites. calcium ferrites.

l‘ggt,}“’}‘licf Method 2 |Method 3 Hv

roo:n 509, HCl HF, H,O & -
temp 60°C alcohol CaO Fe,O; 610~680

- 4Ca0 -FeO:4Fe,O; Crushed
CaO-Fe;O; O O O 2CGa0:Fe O3 610~680
t(T!’ 1) O O X ‘(T)) 590,\’840
CaQ:2Fe; O3 O x ! X Ca0-2Fe; Oy 400~-720
2Ca0- FCzOs X X X
4Ca0 - FeO - 4Fe; 04 X! X X Load: 500g, Loading time: 30sec

1) ““T: a ternary calcium ferrite not defined.
2) Q! Unetched, x’: Slightly etched, X: Etched

LIBEL T3, 4Ca0-FeO-4Fe;O; IC0WTIERET 2
TV DRI RAIRETH D7
3-6 XERIER

CaO-Fe;03 ¥ X Of 2Ca0-FeoOg D EHEERI TRV HikE
En % FAV T RN IC X B OESED S OME LR WTT
TRHREINTE D, ZOEROEKAFICOVWTDHT
hWHOFERE—BHLTVWS.

Pt 4Ca0-FeO-4Fe,0; D FEERHE%E Table 7
RT. 2°67A i< OEIFHIT CaO-FeO3 H5 X
2Ca0-Fe;O3 n DD D EEZ HLNEHDT, T T THER
U7, BEEREEEE OICERBET 2778 2T

Table 7. The major X-ray diffraction lines of
4CaQO-FeO- 4’F8203.

d (A)| 565 375 3-00 | 2-81 . 2'57

/1, 45 15 13 100 ‘8

d (A)]| 230 2-25 1-735 | 1-502

171, 7 15 8 8

BETHTFETHS.

Table 8 I3 X ¢ Fig. 9 iRt Ca0:2Fe;04,3Ca0-
FeO-7Fe;05 ¥ L (X 4Ca0-FeO 8Fe;0; i HODR
B OEFHIEE G THS. ¥ 2°60A oRBENR
BOERPRBHC X o CTELL L EBFHMTHS. i
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From the mix CoQ-2Fe0s;

1 i 1 l 1}

MAZIZ X > T BRIOFEGPEROBE R X UL
DI OWTHRITLAEHER 1T & L —fE~~
24 PRGN EAEE-RRA B BREORTY
5. 727 L, Ca0-2Fe; O3 it DWW THRHATRD X H I
\ Ca0:2Fe;0; Wik WETLHEAI NS T LT =T 4 |

1 1 1
10 20 30 40 50 60 70 80

| ! | i 1 1 { 1

0 T g mE R TREMAE X HNBM, T
From the mix 3Co0-FeO- 7Fe,0s

Ti3 CaO-2Fe:03 & LTHERLI.

3-7-1 PEEMIF — 2 —

BEPMBEOBIEIH LI LT 254 b
) CONWT OB T — & —% Table 9 iRT.

10 20 30 40 30 60 70 80

0 372 wEEe
From the mix 4CoO-FeQ-8Fe,0s

JIS M 8713, ic X o TR & llE U, ek
RINTWHHE A OFEILEERICDH TIDfERE
Fig. 10 &ix+. Fig. 10 @\ CEBLEERD
LRDIDDTHY, 7oy PEIEAETHS.

10 20 30 40 50 60 70 80

‘FeAa
X-ray diffraction patterns of the samples from the
mixture CaQ-2Fe;O3, the mixture 3Ca0O.FeO.

Fig. 9.

7Fe;O3 and the mixture 4CaQ-FeO - 8Fe;O;.

HH 4Ca0-FeO-8Fe;03 Bia 2 5 OFEITlE Z DR
T 2 SOPRFIE — 2 ISR, —75 CaO-2Fe,04
HBWE 3Ca0-FeO-7Fe;05 ELa 2> b OB Clit e
EIFRSIEBAOTER D, ORIt 2, 3 OmEiEEK
DOEFBITHHBLTNB X5 TH5. EPMA S0
#5513 CaO-2Fe;05 ¥ X 18 3Ca0-FeO-7Fe;O; 2
20 DRBOEER1ICa0-2Fe,03TH D, 4CaO-
FeO-8Fe;O3 BLED L DB DEEKSIE “T7 Th 5
LHEFR S, EROXBEFBOZERIBZOIODILE
WMoOMHDERTIFEBNS. Tibb, CaO-2Fe04
& 4T ORIFFIZ X ATV 5%, CaO-2Fe, O3l
YT 5 EHRERII RS DTV T CaO-2Fe,O5 (3 fEEL M
NI HWEEIZBNE. 200{LE5MTOVTOFD
fh DI BEI T £ R 1T CaO-2Fe,0; 1Tt 2°78A, 1-98A
o ¥ OEHRSEEL, “T” W ThABEELEWE
LTHB.
3-7 AZOMR

BN T LT = T4 FPEREROBEMMENEO BN
VESRTDMLIR & EE IR & OBEM: & AFRE T 5 R 7 —
Z—RBHIETHY, DEmmIsEoMRRz T
WEKIE LT, LR TWI ErEEN TS
D BIERBERIRDEEIMEOMEEL L Tiitbh'C
WHKBIEABRAL, HiEMERSE DL THETL
TR E TGRS,

BBEHEAINCG T AT 254 FREBEBIRLS2TS
BlicbDTHDH, XEEH, PAMBEESICEP

ZDXHIEERDDH TEDITZ T CILRTTIER %
T HHTIERL, WETHEOEEMNERERY HIY
ELTW5. EERICERIE EE LT\ 5Fig. 10
D (DRI DWW Tsked 7R EEE S % Table 101077 L
IR K> THETTH 2 LK T 2 & BIAMEREREE (a) %
HHEIZ LT CaO-2FeyO;5 1 193 {2, CaO-FeyO; ik
1:32 £, 2Ca0O Fe;O5 13 0°37 {SOWETHEZTRT.
#HIEITLH X Ca0 - 2Fe;03—Ca0 - FesO3—2Ca0-Fex O3 D
JIZETLTE D, ZDHMIIEARARD, E. MAZANEKID
LOFERED—FHL TS,

3-7-3 @ouirERiRE ,

JIS M 8713 i o THiETHE 2 BIE L sl 0w
TEIRBICEDTIB Jc % DiRRE S Il E L cfiR%
Table 1IZ7RF. Ao AT7=54 F3EBIVHE
2/ VvTND 9% DLEDEVIRERMERLTED
Bt SRR R E O E R E A TH 5.

3-7-4 {KIRETHLERE

Table 12 244t DN X2 THIE LK%
PILEBERNETT. ANV D AT =54 MIEBEEE
FIEX D DFL B CEERBERLTEY, ZTFRY
VYD LT = T4 MIEBEEREEOERIBETTH LR
DUBLFESTHDOLHEESINDH, EEOERKEH
TREBFICAERL, Al X OtTcELFRB LTV S &

ABNDHANTYY LT =54 BRICEEETEhES

PIESERFTOULENDS.

3:7-5 B{LIARLIBES

Table 13 5 4 VMR X 28 LISRISE
DOHELE R %7+, Table 12 T3 EER{E L LT Pri-
L1ps & MUANDDIRFER X » #K{LIEEE & L T CaO-2Fe,O,
& CaO-Fe;03 IK2WTIHE OILWIEE, - 2Ca0.
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Table 8. X-ray diffraction lines of the samples
from the mixture CaQO-2Fe;O3, the
mixture 3CaQ-FeO.7Fe;O; and the
mixture 4Ca0-FeO-8Fe;0;.

Table 10. Velocity constants of calcium ferrites
synthesized by solid state reaction.
The velocity equation, y=1—e¢—#!,

Mix. CaO- Mix. 3CaO- Mix. 4CaO-
2F8203 FeO- 7F€203 FeO. 8F6203
dAY| L, | 4| 1L | dA) | I/
16-08 15 16-08 14 16-08 20
5-29 24 526 23 529 16
4-94 7 4-94 12 4-94 20
4-67 - 7 4-65 16
369 9 3-42 20
317 12 314 20 314 20
3-07 15 -
300 42 2-99 50 2-99 32
2-88 10 2-88 14 2-88 11
2-78 18 2-78 20
2-71 35 2-70 75 268 80
(2°64) | (80) 263 68
2-61 100 2-61 100 260 100
2+55 24 2-56 30 2-55 45
2-53 26 2-52 35 2:53 32
2-47 10
2:34 10
2-25 12 2-26 8 2-25 13
2-21 11 2-21 14
2-17 10 2-17 10 2-17 25
2-15 10| 213 12 2-12 15
. 2:00 12 2:00 11
1-981 7
1-842 11 1:842 14 1-840 27
1-745 8 1-751 10
1-731 11 1-724 8 1-724 15
1-696 21 1-696 14 1-698 15
1-663 10 1-663 15
1-647 10 1-647 8 1'645 0
1'592 7
» 1-567 16
1-541 8
1-512 12 1506 18 1-512 25
1-501 19 1-492 16
1-489 14
1-447 9 1-454 14 1-451 15

Table 9. Physical data of calcium ferrites syn- .
thesized by solid state reaction. ’

True Apparent | Porosity _

density? | density? (%)
CaO:2Fe;04 4-325 3-580 17-22
Ca-Fe;O3 4:603 4-252 7-62
2Ca0-Fey Oy 4:475 3-698 17-32

1) Measured with Beckman’s air comparison pycnometer
2) Measured with paraffin coating method

Fe:O3 w2y Tt 2Ca0-Fe,O3 & CaO-Fe,O3 DILAT
JEEEZ L0, BENBE X L CHIBROBE %R & o> THER
L. BIEERVFRD Ar Qi oE 5 BERHR LD
HEWEEZRL, Thid Ar &P TR FeOs OB
wEl X5 Wistit Q4RI L 50Tl #HES
B, BRI BBEIEE & ERIEOZ VISR O
RIVWERE L0 LEEZLND.

is applied.
Self- Self-
2053(')3 g:z(())'a %‘S:é):i ’ ﬂ_uxing ﬂuxing
sinter sinter
(a) (b)
‘& 1506 % 10-5346 % 10-3/97 X 10-5 [293 % 10-5|262 x 10-5

1) Reduction tests according to JIS M 8713
2) Basicity of sinter: (a)=1'2 and (b)=1"4

Table 11. Rotation strength after reduction®.

Strength Strength
index,+3mm | index, + lmm

(%) (%)

CaO-2Fe;O 99-5 99-7
CaO-Fe; 0, 99-1 99-5
2Ca0-Fe.04 99-2 99'6
Self-fluxing sinter (a) ® 99-3 99-7
4 (b)® 985 99-3

1) The samples after reduction tests with JIS M8713 are charged
into steel drum, with inside diameter of 130mm and length of
200mm, and screened after 30min rotation with 30rpm speed.

2) Basicity of sinter: (a)=1-2, (b)=1"¢

Table 12. Degradafion strength at low temperature

reduction.
+5 mrh +3mm
Index (9%) Index (%)
CaQ-2Fe,0, 832 85'6
CaO-Fe; 04 90-4 909
2Ca0-Fe, Oy 92:6 93-1
Self-fluxing sinter (c) 441 68-8

Test conditions:

1) Samples: size 15~20mm; weights 250g

2) Reduction: apparatus according to JIS MB8713; temperature
500°C; reducing gas CO 30%, Nz 70%, 7'5!/min; time 30
min B

3) Degradation: samplés after reduction charged into steel drum,
with inside diameter of 130mmg¢ and length of 200mm, and
screened after 30min rotation with 30rpm speed

4. & &

BNL T LT = T4 MIEEBE K EhDTEMETH
EFEDHANY T LT = T4 PLOWTDORAEIREZ L B
LEFEHIRT — 2~ EIFLL, EEHANVC T LT =
74 MEORESHZ DD . FEEXT, #E, SAAD
XD TEMRIGK X 2 8RERSTRbhDVY D A
7 =74 P OBWEDOKREPH LI DI BEMREIG
WX DA TR/ E RERESMEV & B,
BRIV D LT 254 FPOBNTRESITHELWE
WHIGEER BV ETHH EELLND.

Eenh R E {FEESE S D I EMTARIEER T
REBR L. COBBREERARFEL LTI

— 11 —
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V2 57"
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0 | 0 l | |
O 30 80 90 120150 180 QO 30 60 90 120150 180
¢ - t
(I) y=1-e* (1) ¢=401~-31-y)
25 100
90
CF; ® _CR
20 £ 80 |- p
8 ‘/ X
© 70 “—x~0—{CF
: / A
= 15 &% geof B
g VA IR A I § B Ly
n_l_ X/D ~ / /’X,/’
=10 £S0-a 40 | 7| -
// - - // ’/ a
e SQ-6 30 —= a o
-~ X | 9—|CaF
5 20 | 2’_//5 o)
T o
Z” 10 o
0 ’j—g-—(?""q—l ? 0 ! 1 !
0O 30 60 90 120150 180 0 I'2 I'4 v6 1'8 20 22 24
¢ ) log ¢
(m) ¢=4U-3/1) (TV) y=klog t+C

» : reduction ratio, ¢ : time (min)
CFz :Ca0-2Fe203, CF : GaO'FQOg, GzF :ZCaO-FegOg
SO-a : self-fluxing sinter, CaQ/Si0;=1'2, SO-5: self-fluxing sinter, Ca0/8i0; =14

Fig. 10. The results of reduction tests. (some reaction velocity equations are applied.)

Table 13. Shrinkage, softening and melting temperature. (°C)D

in Ar atmosphere in Air Theoretical

Shrinkage | Softening| Melting [Shrinkage | Softening | Melting Softening | Melting

CaO:2Fe;0,4 1145 1170 1180 1180 1190 1205 1205 1226
CaO-FeO4 1150 1150 1160 1180 1185 1190 1205 1216
2Ca0-Fe,05 1200 1385 1390 1270 1390 1395 1216 1449

1) Measured with Leitz’s heating microscope
BRTWD “7 5 v VA WL ETHDIE “E #STHDT EPBATE .
77 v 2RE Lvibh. ZOFETRAS mmicd KEODFREARE—F LK, BERR, UNEE
BORELANY T LT =274 P REEDARTEIL KOWTEFOERMBL LN, WAERESEC L5
7z. EPMA @54, MEEMSEBETRARTELE TAELLAShS. THLLEREOE VDI LR

— 12 —
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BRAINTT AT =74 OGPRYENL D T HREMNEIRITET 2R 681

B A 7294 b2 THIEL.

BN L TRBLEERELRDS. EHELLOBRDOE
WA REOEWC X 5B 5N MmO MEDERIC
X Z) D EFEZBND.
57}’b71\_ji%b‘%iaa%ﬁoyc%ﬁaa@ﬁb?mﬁg@%jg
n_ti%:ﬁ%‘f EDBEIEEZ Tz, KRz CaO-2Fe;03 &
CaO-2Fe;O3 D= R ANV I B 725 4 M T
WKL 2 T o7 R W & OERVPHERTE
7o. BERR, EFELERBVTHZOERDLTITH
LHEDBN, EF EPMA S OBREZE 2585
L CaO-2Fe;,03 EBWCII2HED ANV I AT =54 b
PFETDHEVS L EBRTES.

Ca0-2Fe;03 B X O “T” R HE WICEEBIATWBE R
XERIHF o, 0E — o EDTELLTED, Liahko
THEEELIEF TS EE 255, BrAaUN and
KWESTROO® DAZT ANV T AT =54 b DOAEKEEE

ERTORR IO TR X > THBEESE

B2 L 2TREBLTWS. Tib b CEihm
OREEBOIANBRH R HHEEEZ DI OTVDHEE XD
n5. Ca0-2Fe;0; & “T” @iEWE “T” ik FeO
BHELEATED, 2MMOkA & BRI E L Tidk
5%, Ca0O-2Fe;03 © C M OMBHENI72DT
2 EHBITES. ZORSHOFRERTELNIHE

Bz Ay, BEEESHTEDRFE 2T 2T 5.

5. &

THARRBEUETLHEINVI LT = T4 PEERKLE
@%%imﬁ%kxvéﬁm%ﬁ%ﬂﬁbfﬁﬁk®#
e L.

i

1) EPMA S X o TH—KERFBREIEHRS -

Nz L #WERL, {LEMED Ca0-2Fe:03 DT
i CaO-2Fe;05 & “T” 02 5DILAMMNEEL, T
O “T” 1% 3Ca0-FeO-7Fe;O;, 4Ca0-FeO-9Fe;Oyd
L it 4Ca0-2FeO-9Fe;O; DWW Fhud 1 DY T 5
LoEEZDND.

2) BLEAROLENRSETH DR AT VY
Ca0-2Fe;, 03 &
“T” ORI EREDHEERRD Shvic.

3) ZHANVI AT =T4 PEOWTRFHREET
WL, BNEESIOCBEBEMREZHES» L. Cal-
2Fe;0y & “T” ORICRFEZROERBRED BN,

4) CaO-Fe;03, 2Ca0-FeyO3 35118 4CaO-FeO-
4Fe;03 T2\ TG X HHFEERIFTVIERO|E D D
DE-FHLTW5.

5) CaO-2Fe;0;, 3Ca0-FeO-:7Fe;O35 L 18 4CaO-
FeO-8Fe; O3 iTHY T 5 Ela 2> 5 D4 B O Xiga it
MIIPE VEHTSH Y, 45X DM SEEETS
PEEEZLND.

6) EAMRGEISOTERLELEZ TR I VT AT
=74 b IEORERSHIEE % BIEH RSN & LB L 75
B, JIS #BHik CaO-2Fe;03>>Ca0-Fe, O3> BHiE
HEBEESL>2Ca0-Fe,O3 Th 1, FRIGETTHREIRE
e bIERICE L KEL L, KRETHILAE I
WYY LT = T4 FDOESHBABEEEHEEE D bl D

EVWEERR L. i%&%,mm%ioiﬂﬁﬁmow

THREL 7.

Kb D ICAME L CHEEW R W E gk &t
R AR EIEFEEMRL b I RERER
BERCHBEZONS & DI, HFMEEORER S
CREHEOBIZICO>WT ZHRE, THIIV R \WiaE
RARFTEHRRLERERSHBER, K¥ERFEE
THPBES S G EPMA SHTicowC CHl, T
Wie R W BRI R R LRI SUFTEUR KRR T IR,
TR 45 W92 B o — VR DR 3 LB T
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