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The Solubility of Oxygen in §-Iron

Synopsis:

Akikiko Kusano, Koin ITO and Kokichi SANO

Oxygen is one of the most important impurities present in iron or steel, mainly forming oxide inc-
lusions. Therefore, it is often desirable to know the solubility of oxygen in solid iron with a reasonable

accuracy, but investigations yield highly discordent results.

As shown by many literatures, this is

attributed to oxydizable impurities in solid iron, such as Si, Mn and Al, etc.
In the present work, we carried out the experiments in lowering the crucible very slowly under
purified argon gas, using the Tammann furnace, and the equiliblium between solid iron and liquid

was noted.

Then, chromium was added to liquid iron and the effect of it on the solubility of oxygen in ¢ -
iron was also studied. These results were summarized as follows;
1. The measurement of the monotectic point in the Fe-O system showed that the concentration of

oxygen was 0°169, and the temperature was 1528°C.

2. The liquidus line could be drawn by a straight line combining two points, i.e., the freezing
point of purified iron (1538°C) and the monotectic point (1528°C, 0°16%0).

3. The distribution ratio of oxygen (Lg) is 0-076 in the temperature range between 1528°C and
1538°C, independent of the concentration of oxygen in liquid iron, and the solubility of oxygen is

00129, at 1528°C.

4. The relation between the concentrations of chromium and oxygen was obtained in liquid iron at
the temperature of solid-liquid interface. It has an approximately good agreement with the calcula-
tion using the values which were recommended by Japan Society of the Promotion of Science.

5. The distribution ratio of oxygen increased with increases in the concentration of chromium, and

became 0°13 at 109 chromium.

6. The distribution ratio of oxygen in the Fe-O system has a good agreement with the ratio obta-

ined in the Fe-O-Cr system by extraporation.

(Received 9 Nov., 1967)
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Fig. 2. Tammann furnace used for experiment.
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Photo. 1. Macrophotograph of sulphur print (left)
and its specimen (etched by 12,H,SO,,
right).
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Photo. 2. Microphotograph of the liquid-solid interface.
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Fig. 3. The temperature distribution in liquid iron;
white circles indicate the extrapolated value.
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Fig. 4. The liquidus line determined by the ext-
rapolation of the temperature distribution
in liquid phase.
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Fig. 5. The effect of the holding interval on the
distribution ratio of oxygen.

4.2 HBOBEREER

EEREH (REREERR) 2 T&a L35 T5L
WIEEMS, T, vYAE ] mmFREL, 5, 7, 10
20, 30, 45, 60, 90min & WA ADOERIMGRTLE DX
EMEL, E-RRECEEIN T BMELIE S ¢,
HEORRE LS T TiE, VY F% 1 mmiSTREE5
EVHEBEZ{TR ST, EMEERIRECS JETRER
OB E 27, SRR W IRGRELEEE Tl v a3,
s mmODE X% x mmOEFRE BV TERR ST L
E£EEETs mm/x min £ LTCELTI EETH. &
DR E Fig. 5 Wind. Fig. 5 REMEE O»bD
W2, BEFEoRB-waiosiitt (Lo)

Cs
Lo= C, RN A D

Cs: BEMOBEFEIRE
Cr: BMROFHEZRE EREEBSIUCKTRD
R RIRE OFHE) :
e D, Lo tRfERERT & DBEGRETRLTW5. Kl
Fig. 51213 2 mmD TREEREEIC OV THBFRL 72
O L5 X5 | mm OTREEESOEAIC




B

O-BDEEBMBEIZO>VWT

557

1%, 10~12minORFHER T CICEEHIGEL TV &
LB, 2 mmTOTEIEAEEITNE, £920 min
L ERE LTS EEIGELRVEEPDPNS .05 mm
FODOTREEMICOVWTHITAR 2D THLHE. [HITIE
5o, HELH L WERME oM —RiBGRERo0
iz epTEnrofe. TOMME L T,
LWHEEEII X b ThTHrTHH, N FugkELT
THX¢sZ0ERTIE, FEC0Smm 2 TFEx¢d
CERTTFLLVEDIELEZALNS.

Xz, | O THEIEENEE 5B (Lo) & DBfkz R
WwizDH Fig. 6 THDH. MERHEE L THE, SOED
BEEET DTSR E LT, Fig. 5&2&FCL
T,

0°'5mm

1~3 mm 45 min
4~5mm 60 min
L. ZOZEnLERHEEILTD, 1EOT

FREER O KR E X L DR L 51, 2~3mmE TOT[E
BRSO K & X TIEFDBE I/ S WA, 4~5mmbé kb

10

009 //
/ '

L 8

s 008 .
pu— - st
(o074 ~3mm 45min
4~5 60
006O 0 20 30 40 50 60

Distance {mm)

Fig. 6. The relation between the distribution ratio of

oxygen and the one-step lowering distance of

the crucible.
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Fig. 7. The relation between the concentrations of oxygen in solid and liquid phase.
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Fe-Cr-O system.
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Fig. 9. The relation between the concentrations of
chromium and oxygen in liquid iron at the
solid-liquid interface.
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Table 1. The comparison between the present work and the other experimentations.

Experimental method
Investigator Solubility at 1528°C
Specimen | Atmosphere Equilibration time
E. S. TANKINS Spiral foil 1/4 mm B .
and N. A. GOKCEN- thickness ‘ H,-H:0 About Shr 0-032
M. T. HEpworTH, | Rod
R. P. SmitH and 1/3inch-dia H.-H,O-Ar 10~24hr 0.0088
E. T. TURKDOGAN 1, 5inch-long
Present work Liquid-solid equilibrium 0-012
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Fig. 10. The effect of the concentration of chromium in solid

phase on the distribution ratio of oxygen.

-2
h‘mm\\ ° P

s-or————— 11— 1 | T "=~--
g

08 ~ * Solid

A Liquid
. I
o8 02 04 o6 08 10
[°/u CI’]

Fig. 11. The effect of the low concentrations of

chromium in solid and liquid phase on
the distribution ratio of oxygen.

(1) EB{LEFRMIHSEETNTNT, Tk D20~30
ppm ORFOBEREZETTREESD 5.

(2) 1/4mm OEXOEXEFRICWHL THZWD
T, BEOTIN, BRI 5.

(3) ARICH~EOREMRBRTHEOT, HEE
BREE TV EESR o T A5 (R £
REOFEMENRDS.

HepworTH 5O {EIX AER L VK /x> Twb.
HEPWORTH 513 X b THIE DBV ERZHERA L T, Kk
HREA»SBELIBH ST TV BOIR L, KERT

Al, Si & TV SO BETIIE
HREETERWIZEDw, 2ol &
P OARERBRIC VTR, Al SINEBESRECEIET
HEILFLAERVWELLNS. :
AERITHEAR» DEE T EEZEE LD TV D753,
HePwORTH 5 DEEERIVHMEAF RIRE D DERR R AR S &7
LDTH D, L 1450°C, 1510°C o 2 HoEEE
225 1528°CIThME L 7B TH B DT, AEBRDOELD
HSURWEI D7 LB S .

1540 Liquid
(3) —
{ 1528 016
(1
& + Melt
;G 1500 5 2)
) (1)  HEPWORTH, SMITH,
‘El TURKDOGAN.
O 1460 (2) Tankins, GOKCEN.
/ (3) Present work.
30 ||
0 003 006 009 o12 ol15
(% OJ
Fig. 12. The phase diagram of Fe-O system to

compare the work with the

other investigations.
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