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On the Measurement of Oxygen Pressure in Liquid Iron.

(Study on the oxygen concentration cells at high temperature—V)

‘Synopsis:

Kazuhiro Gotd and Yukio MATSUSHITA

The following four measurements have been carried out by the oxygen concentration cells with the
solid electrolyte, ZrO,-CaO at the temperature range of 1000°Ci~1550°C.
(1) Oxygen pressure in the iron equilibrated with Fe,O by

Ni+NiO | ZrO;-CaO | Iron+Fe,O.

(2) Oxygen pressure in the liquid iron saturated with graphite by
Ni+NiO | ZrO,-CaO | Liquid Iron+ Graphite.

'(3) Oxygen pressure in the liquid iron of intermediate carbon range by
Graphite | ZrO,-CaO | Liquid Fe-C-O System at 1550°C.

(4) Change of Oxygen pressure in liquid iron during deoxidation by Al, Si, or Mn at 1550°C by
Graphite | ZrO;-CaO | Liquid Fe-O System.

From the results of these measurements, the following conclusions have been obtained;

(a) The standard free energy for formation of Fe,O calculated from the measured EMF agreed
very well with the data in literatures. This agreement suggested a 100% ionic conduction at least up to 1550
“C for the ZrO,CaO electrolyte (Pp,=10"8 atm at 1550°C). "

(b) The measured EMF was smaller than the calculated EMF for the iron saturated with graphite,

possibly due to some electronic conduction.

(c) This cell can be used to determine the oxygen content dissolved in liquid iron of intermediate

carbon range at steel-making temperature.

(d) From the very rapid decrease of the EMF after the addition of dleoxidizers, it was known that
the rate-determining step of deoxidation of steel was separation of the reaction products, such as Al,Qs,

S10; and FeO-MnO.

In addition, the solid electrolyte MgO was used to compare the performance as an anion conductor.
(Received 26 Oct. 1965)
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Photo. 2. Picture of the deoxidation production, Photo. 3. Picture of the deoxidation product,
AL, O3 after the measurement of the MnO after the measurement of the
EMF change. EMF change.
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Table 1. Calculated nucleus sizes and nucleation rates.

products iﬁzrgfj G 2;71 ?rlldClitsc lsei:E C/Cy supersaturation degree
tion rate 1°5 3 5 10 100
Si0; 420 ;* oo te0 10210 3x10-8 | 2102 oot
MnO 620 lr- * 5% %g—lge géé 7 f;ézo 2 f;gz'i 3 jlém
FeO-MnO-Si0; 700 7 0-0 3x10m | 1510718 | 2eio0 | 23108

r* in A, I in nuclei/cm3-sec, ¢ in erg/cm?.

ZDORID, HziE SiOy s C/Cs > 15 LIE
W 588 (EEICIX 100 DL ETR AW EFZD
n5ps) 59A, C/Cs 7% 100 DAL 7°4A LEME X
nons. ‘

F7c Table | X DbhrbTEL, BAKORE X
@ EFEE LR R DT XD THE D AE <Lk
Ltz &3 s, SiOy —&- 702421k 2°2A frc
BB C/Cs=100 DL T ATIE (7°4/2°2)3=38 {H
RD SiO: HF XD TETVD T Ebnb.

Table 1 OfZD4: FEE I (nuclei/cm3-sec) X Pope-

- L2 BRHoLLoMANO DR Z M L T T T L <3HE L
THRERTHD.
I = Ae— 4G*/kT
4 n'( o )1/2/—&‘)1/371 kT
kT 9rx h
A o) RO B 2 ovF -
n': FRFUZOFEE DRI ¥k
n: VL lem® OIEFEK
h: Plank OFE¥K

Ye®F, MR, FAFENE Si,Mn 75 EOREBRAIZEAL
7oA OBAIFIE C/Cs=100(Sin#4) & G/Cs=5
MnOEE)BEBTHD EFEZLTVDH. PIIT, WD
NOBATEH I >102 nucleus/cmd-sec &\ S IJEFITK
X R GRS DD -

THLDIEL Y, Si, Al, Mn 75 ¥ OEIBEREIN
WERITIRAING &, TNOLBBHBL T LERPT,
BEEE SRR END B DN,

@ 2 CEESAITIE Free OFEL L TARLTV50
BRI L, BRESEIIAEICTS. CZOIREE
RLTWAD2 Fig. 15, Fig. 16, Fig.17 @ EMF o
DI —TThHY, 2hd EMF Oon—7DOT0H
PB—HWP LR THD LS ThbA, Fig 13, Fig. 14X
DHLPETEL O% BIEFFAKRCES L TyS.

soo(-

B EMTF BEOEATT841% carbon fafliagk
DEEHEERE LD O% P Fok & a2EKRL, AER
TRz ZrOp-CaO EUAE BT HHICIRE T =4
VEERLELTENTVWAS L &b 5.

COEER, EHDOBESHERRISK TE (kL
DT LT E WS ER TR ), WV Y RNEE
29 AM L D HOERELEM LT Po, #5%< 72 ) EMF
MAGEENC D DL D H EH L & IX 2T 3L »TH
5.

—J MgO BWEEZRWHE EMF 569, £
724/ Ko7 EMF 23%7:% 21Ch EBR0EV SR
FHRTHOZT EL{Ez2BND.

(1) MgO @ 1600°C Zk\F b FHaEERy KT
10" BLEFEDHF — & —TdhD, T @ oxygen potentiol |X
CaO, ZrO,, BeO, ALO; ITHEKL Th 7n D EWET
5.

(2) UL, dLUEBEAIZAIL T MgO RE O
HLENRT 27 & FEdie < &3 10710 [UEREIET
BEFTHD. (FRLLE Po, ' TF5H & MgO &L
XNLHDOTFLAV) Wwxic Fig. 13, Fig. 14 OBSFRX
T Vb bT s EMF ROMRE2PTHRWVWIETT
5.

(3) FhAFLF, ¥72 EMF 2B 2cdEbin
WEEE L TELLNDDIE, &Y K OFES FeO-
MgO —tROMTELNTED, (L2 T Po, B
=) BEEEIRTRINL Th FeO OETICAV Hiv, B
EEERDEDTORVEFLZLND.

(4) —FEmoORETE MgO KE® FeO-MgO
¥E & BRI <M ET L TV D EEZLND.

(5) %7, MgO-FeO T CiIFlx i Si BLER D%
£, BiERENRINC X 0 —#BD FeO 238551 MgO-FeO-
Si0, =T L LT (—EOWEmA T /s L0 T
361, MgO oEH7 =+ Bk L T O5EEISRAE
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BELALTLESOTREVWSLEZEZLNS.

(6) DT EIX Zr0Oy-CaO K THFERTH A 5
EFEZBNDH, ZrOg-CaO R OHYMb A E 25
MgO r B W RBERD TH 5, FeO-SiO; 75 & D
FENRFE LA Wb n D RFHIC D E T EL TR
FE7 =4 UEERE L TOBRERZARL, EMF2AR
OB S EOHERIC LR DT, £EMF 4 03H
Tdh E2RLDEEZILNS.

RSV RAT R 2 AV CIHRERRI 2RI L 725
L OBEREFTh D O% & free oxygen @ Q% &1
PRI CREEREZHZEL Tn 5.
 VESROBIEEEE Z D X 51T free oxygen &R D
ErgE L 5 CRIR R {37 D 7o I i i SR 23 4 < B PR
ISR O i — 2o OB N ERES 2 Tw5 &2
Bhb. COETOMEILESE, 1 free oxygen
VIR TN 7R 0, Total oxygen VIAFEW) Doy
BLELERD2TH DL ETD2TWBH T EEZRLTY

EMF oZ8{b X b x 55 free oxygen O D 5
TR ORI L kX VR, Tk ZrOy-CaO RHOT
D5 THOCEHEENEDOT 0 & & BN T sk
Vs, ARFEORERE & BT OMRRER & ITERNT—2
LTWHDTRZWIEEZDND.

4. &

EUAE AL ZrOs-CaO &AL, B [ZrO;-CaO
EBRVE | VARG & 5 BIOBRRIRIEER Z vy, 1000°C
~1550°C OEEHEICT (1) Fe,O LFHL TVW5HEk
thOEFESE, (2) Graphite &L T 5 HFEkF D
BRZEAE, (3) 1550°C Wisly % R R SEIRBESIT D v ek
thOEFESE, (4) 1550°C DEgkrhic Si,Al,Mn 75 &
DR HIBLERRIZ IR L 7oy & DR EOZAL, ZHE
FH LTV TROT Ldbrotk.

(a) Fe,O LFMHL T\ 5k OMESRS EIHIREE
T B LI OTRICR D, EMFREIEE X bk
TR EL EVPESE O I T 5 Fe, O DIFH#EAFLH
M aVE—OEIVEE L 2 BESEE R —FKL
7z.

(b) FWHO—F»LEARERE ZrOq-CaO (34x
< rd 1550°C DFEIRE TRABRMRET = F »BEKRT
BhHEFBLIDLND.

(c) Graphite EFHEL THLHE PO BESES
EMFE:cRIZE U2 CO DRBREARE R A v — X
VEFEL BB E XL D RTHO.

(d) COEECEEIT2, 3%Z LRI RS AR

I

eJRAVE ZrOy-CaO EFPERE OVEFRAS Graphite &
IO TRAIEIL TinhDicd tEZLNS.
(e) WRFRREOWHSKHORESEL EMF THlZE
L, — % DUESkOBMBERY 2 7 oA vy v PEZE
WRETHHT LT EMF  LiAMEEE0oBBNE R

e X ORERAERTHWICREIRE B ORI K

TSR OEREE ORGES T IR S WhEE O B 5 2 &
Doz,

(f) &P Si, Al Mgk E sl 2 wm L 7z
L% EMF BARIETL, BECX>2TRADHE
TIETY, #% BEREIGKTHRE VY KRS 2
RE0mESRLED EMF BLAVWRELEWICS L0
{Hizd &0tz

(g) ZORBRIVHRMBEISORERMEEZELAEEL

- 7efiER, SLAL Mn Jx X OmERERRA 2 I LA L

D AT ERK L, free oxygen OEVIEFDTHE
INTIR S . P IR S DEFEEEFS R 2 b+ 2
v BN TEHER, B BT S EBFE Tid
WirtEZLNS.

(h) MO [EFEBMELZHWT Si 7% X O5afllkER
Flz A INT % & MgO iz MgO-FeO-Si0,
FROMBEIEL EMF HMETRT, Be&h7=4F
BERELTOBREZETLOTIRE|EN» EEZ DN,

(i) ZoX5REIBEEDCE LN, BRith%
ME7 =V ERERE L L THCTWAIED ST DG
LAREMEDS B B LBEE S L.

FARCAMRIT I\ CEZ2VARLE O R P IR SR 43T 1T #)
AT S DR R T ENA SR HE FLSIHE PR
WL ET.

F AR O — BB IS 3 FIREY — 2 o BHEERE
BlEC X oTREINIDIDOTHD, TTXEHEESKX
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On the Temperatufe and Strain-Rate Dependence of Low Carbon

Steels and an Ultra Low Carbon 2% Aluminum Irdn.

Synopsis:

Isao Gokyu and Junji KiHara

The authors measured resistances to deformation, ““ Ky *, of low carbon steels, with contained 0°C2~
0°09% carbon, 0°0~0°9% nickel and 0*0~1°5% chromium, and of an ultra low carbon 29 Al iron at
various temperaturés i.e. from room temperature to 1,000°C. The order of strain rate was of 10%[sec.
Deformation was done by a “ Counter-blowing ” type forging tester.

The results are as follows.

N

(1) Below 500°C., the strain-rate and temperature dependence of the ““ Ky » are large. The value
of Alog Ks/4logé is about 0°2. The difference of “K ;> between at room temperature and at 500°C.
reaches 25~30 kg/mm?2. It is concluded that this phenomenon has the same nature as that of yield and
flow stress of iron below room temperature at low strain rate i. €. 1074~1072 /sec. It is also found that the
temperature dependence of ¢ Ky ” of some 0°059% carbon steels containing nickel, 0°02% carbon steel and.
204, Al iron decreases between 100°C and room temperature. However, the reason is yet unknown.

(2) From 500°C to 600°C, * Ky’ -temperature curves show a peak in the case of carbon steel. It
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