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Study on the Properties of Calcium Ferrites in the

CaO-FeO-Fe,O; Ternary System

Minoru AsADA, Yasuo OMORI and Koji SANBONGI

Synopsis:

~

The present paper describes microstructure, X—ray dlffracnon microhardness and reduction test of
calcium ferrites existed in the CaO-FeO-Fe,O; ternary system.

The results obtained are as follows-

1. In the identification of calcium ferrites, four calcium ferrites can be ldentlﬁed by the use of
the polarization by reflection microscopy and the use of some etchants.
2. On the results of X-ray diffraction, -interplanar spacings are computed by use of Bragg's

equation.

3. From the results of the measurément of the microhardness for each specimen, it may be used
for supplemental method of the identification by microscopy.

4. In the reduction test, it was recognized that the reducibility of calcium ferrites was good com-
parable with binary calcium ferrites reported formerly.

(Received 8 July 1967)
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Table 1. Etching properties by other investigators2>~+ for ternary calcium ferrites.

Etchants
Mineral Crystal habit Color
209,HCI(140°F) | 509,HC1(140°F) | HF alcohol
CaO-FeO-Fe; 0,4 Long rod Light grey 30sec Etched Dark grey
Long rod,Rod, 30~60sec
4Ca0-FeO-4Fe;0y Twin Dark grey Etched Etched
’ Rod, Twin, 30~60 sec
3Ca0-FeO-7Fe;04 Needle Light grey Unetched Etched Unetched
Ca0-:3FeO-Fe:0, Light grey
Table 2. X-ray diffraction data by other investiga- Ca0

tors for ternary calcium ferrites.

HoLmguisT® | PHILLIPS-MUANS)
3Ca0-FeO- 3Ca0-FeO- 3Ca0-FeO- 4Ca0-FeO-
4Fe203 ‘:/’_l_:'Can 4Fe203 8176203
d 1 d I d 1 d 1
11-3 25 | 157 20 | 1133 15
56 35 52 10 560 25 |4:92 20
3-74 10 4-9 25 3279 5 |315 25
2-99 30 3-11 20 3-00 30 | 298 40
2-81 100 2:99 40 2-81 100 | 2-87 10
267 15 2:92 15 259 15 {269 30
2:52 15 2:67 40 250 10 | 262 70
2:49 15 2:62 35 2-31 10 | 259 100
2-29 20 2-58 100 2:25 5 | 2'56 5
2-24 15 2:54 30 207 5 | 246 5
2:06 20 2-15 20 1-84 5 |[2'16 20
184 15 1'99 15 1'74 5 | 2:00 15
1'73 15 1-84 15 1-58 5 [1:72 30
1-38 10 1-70 20 1.5t 5 [1-52 15
150 10 156 20 1-50 10

148 20
CIrRICLI-BURDESE? | WATANABE®

Ca0-FeO -Fe, O3 | CaO-3FeO- CaO-FeO- CaO-3FcO-

_Fe20, Fe; 04 _FeOy

d I d 1 d 1 d 1

2920 dd [2'923 dd | 6.37 83 |2:97 37
2:774 dd | 2570 m 2-83 56 |2:92 29
2:475 dd | 2483 d 2-39 30 | 2:57 100
2:186 m 2-279 d 2:26 65 | 245 14
2°095 mf | 217l m 2:21 100 | 2:29 34
1965 d 2:102 m 2-11 49
1922 d 1'640 md 205 20
1692 d 1'564 d :
1608 dd {1519 f f
1-542 md | 1'493 d
1-521 d 1'457 d
1'505 dd | 1'397 md
1-395 md ;1308 4
1-328 d 1:296 d
1'312 md | 1'279 md

ff : very strong, mf : medium strong, m : medium,
d : weak, dd : very weak

HoLmQuisT® & PHiLLips and Muan® ¢ 4CaQ-FeO-
4Fe:0s DRIERBRICIE—FHL TVBEHhT T Ll
FMWbHD, TotDLEMIT OV TRERT S X ik

FeO Fes0s FezO;
CyWF, : 4CaQ-FeQ-4Fe; 03 CWF : CaO - -FeO-Fe;03

CW3F : CaO:3FeO-Fey; O3 C3WF; : 3Ca0-FeO-7Fe; 03
CF, : Ca0-2Fe;O3 CF : CaQ-Fe; O3 C,F : 2Ca0-Fe; O3

Fig. 1. Phase in CaO-FeO-Fe;O; system.
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Table 3. EPMA results of four calcium ferrites.

Theoretical value Measured value* Remarks
Mineral Fe Ca Fe** Ca*** n Fe-a Ca-a
4Ca0O-FeO:4Fe,03 61.7 8-8 61-8 7-5 10 0-6 0-7
3Ca0 -FeO-: 7Fe, O3 : 53-7 17-1 53-8 16-8 10 0-6 0-8
" Ca0O-FeO-Fe,O4 58-3 13-9 60-5 15-1 10 ' 1-0 1-4
Ca0-3FeQ - Fe,04 647 9-3 63-9 11-4 10 2-2 1-1

*  PHILIBERT’S correction

**  30kV, Pure iron for standard specimen

*kk  20kV, CaF, for standard specimen
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Table 4. Results of the etching test for ternary calcium ferrites.

Mincral E;gf:al Colér ‘ Etching test |
Reflected Transmited [209,HCI1(60°C)|509,HCI{60°C)| -HF alcohol
3Ca0-FeO-7Fe, O, gcc)gélg‘win, Grey Opaque Unetched %(‘:xzd Unetched
4Ca0O-FeO -4Fe,0;4 I"f'(v)\ﬁi rod, Dark grey Brownish %(:gﬁz d — %22?12 d
CaO-FeO-FegO;;‘ ' Long rod | Grey Opaque %(:gﬁ(é d — }lilzt(glizﬁ
Ca0-3FeO-Fe, O3 Long rod Gt;ey Opaque }15;2t2§2 (é — %22}612 d
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<, BERXETTROTFRLRERTH 55, 20%HCI(60

°C) Tik 4Ca0 -FeO  4FesOy 1CH L EHE AT &=

5 HF 7va— Wik X 5B ETiE CaO-3FeO-
Fe;O; 13 lmin @]ﬁjﬁ(%é L< ﬁéh%%é%%’?’
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CaO-FeO-4Fe,0; L THiME OBIERE RiITiT—%
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Table 5. X-ray dxﬂ’ractlon data by the present
authors for ternary calcium ferrltes

4Ca0O-FeO-

3Ca0- FeO. | CaO-FeO- |CaO- 3FeO-
4F€2’03 7F€203 Fezog FC303 -

d 1 | d 1|4 1 |d ‘17
5:62 20 5-22 20 6-32 60 8:35 85 -
3-74 10 4-86 25 2:819 20 2-955 25

26-249900 Mo d- 3013 . 20. . 2:676.. IOD +].2:605. 100 ..
2-805 100 2:970 30 2-631 2-576
2-665 5 2:683 50 2+501 10 2-535 20
2-492 5 | 2:619 40 | 2:384 5 | 2-500 35
2-296 10 2-588 100 2-254 20 2-474 15 .
2:244 15 | 2-544 30 | 2-207 35 |2-292 20 -
2-062 10 [2-155 25 2-111 55 2:269 50 -
1-838 5 1-992 20 1-973 15 2-218 20
1-736 5 | 1-840 15 1-937 5 12180 30
1-578 5 1-562 20 1-700. 15 . 2-154 85 .
1576 20 2-099° 30 -
£-530- 151205830 - -
514~ ‘-:"r 5297 20"
E-474: F5 ["I>S5EE 65
43 WBEHER

SEMORER—RCEBE, XREABAvsh Ty
57, BRIMERIC X B RIEOMBTFE & L CHEEMBAT

b TWS. 2R HNTY LT ETA FOBEICE
LTWHEFR2, 3OMENRDHNROOD, ZxF ANy

L7 T4 MZET REEE V. EEGIEERAENT
OV T B RM/MEER AV, FE 100g i GAlER
TV EDORRE X o - s '
CaO -FeO-Fe;0;3 : 420445,
Ca0O-3FeO-Fe,O; : 460415
3Ca0-FeO-7Fe;0; 1 755+40, 4 :
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IV : CaO-FeO-Fe 03

Fig. 2. Reduction with Hy; 100 cc/ min for ternary
calcium ferrites at 700°C,
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Studies on the Rate of Absorption of Nitrogen in L1qu1d

Iron Containing Surface Active Elements

Takao CHOH and Michio INOUYE

Synopsis:

The rates of absorption of nitrogen in liquid iron containing surface active elements, such as oxygen
and sulphur, were measured at 1550°C and 1600°C.

The transfer of nitrogen across the gas-metal interface was remarkably disturbed by those surface
active elements, adsorbed on the surface of the metal. It was also recognized that the rates of abso-
-rption in those melts were proportional to the partial pressure of nitrogen, when the metal contained
-more than nearly 0°039% sulphur or oxygen. Furthermore, it was observed that the rates of absorption
were inversely proportional to 2/3 power of sulphur (or oxygen) concentration in the bulk contains
‘higher than 0°039;S (or 0°0295,0). These concentrations correspond to the coverage of the surface by
:sulphur or oxygen nearly as FeS or Fe, calculated by the Gibbs’ adsorption equation. It becomes

( dc ) - K. Pyo
dt Ji=o (wt%S or wt%,0)?2/3
‘Consequently, it seems reasonable to regard that in those melts the transfer of nitrogen from gas into
liquid iron may be chemically controlled, namely it is mainly controlled by the rate of nitrogen adso-
rption. It is now accepted that oxygen or sulphur behaves as a poison on the metal surface. Behaviour
-of surface active elements at gas-metal interface could be explained, assuming that they were concen-
trated to the interface as ions, S2~ or O%-. The rate of reaction was also discussed from the stand-
-point of the absolute rates theory.
There is a linear relation between apparent mass transfer coefficient of nitrogen and surface tension
-of liquid iron containing surface active elements, practically no different between sulphur and oxygen.
The activation energy for absorption of nitrogen should decrease as the surface coverage adsorbed by
-oxygen decreases, and is approximately 20kcal/mol at about 0-0012, oxygen. This value corresponds
‘nearly to the order of the activation energy for- diffusion of oxygen in liquid iron. ’
(Received 1 July 1967)
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