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Study on the Activity and Solubility of Oxygen in Liquid

Iron-Niobium Alloy

Yuké SATO, Kenichiro SuzuUKI, Yasuo OMORI and Koji SANBONGI

Synopsis:

The equilibrium of gaseous HyO-H; mixture with liquid iron-niobium alloys contained in alumina
crucible shows that the activity coefficient of oxygen is moderately deminished by niobium. The oxide
in equilibrium with the melt is not including iron and aluminum and considered to be NbO,(s). The
equilibrium constant at 1600°C is [%Nb]:[ fo-%0]12=23-10-¢ where log fo=—0"06-[2,Nb]. The
deoxidizing power of niobium is comparable to that of vanadium.

(Received 11 Nov. 1967)
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: to Hg bubbler, U : to rotary pump.

. Bleeder, B : H3S0,4-K;Cr;O; solution; € : Condense bottle, D : KOH, E : Molecular-sieves Linde 3A,
: CaCly, G :Ca,Mg-furnace, H,I: P;Os, J : Mg(ClOy4)2, K : Flow meter, L : Gas holder, M : H; purifier,
: Sub-saturator, O : Saturator, P : Manometer, Q : Gas outlet, R : Reaction chamber, S : Induction coil,

Fig. 1. The gas system.
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Fig. 2. The reaction chamber.

: Alumina powder

: Supporting tube(Corundum).
: Quenching tube

: Brass bottoms

—-IQMETOW >
nAORQZE A

ao=f60"fbm'fE>Nb"[%0] .................. (3)
TZT a0 BEERREXER N~ v b TEDbL, £E
FBAMREERLTHEE, .8, &Y ixh
TNBEOBERRCE IIETEE, KE, =1 70%
HrRb7T. FEELD HO-H, BEE&F A X5YER
Fe-O ROEMHBIEFRERED, T b bBEEDREHEA (%
O1=0~0-04, JEEEEF 1550~1700°C iz 3\ Tt log
K| BBRRRECLILT—FT, logKi=logK, 3 X
JE, fP=1 LR Ss, 2EB BT
& fE=1LBEERTIETHS.

Hh Fe-O %, Fe-Nb-O FROEBREELThTh
Fig. 3,Fig. 4 1T, ¥7-2h 6% —$EL T Table 1 TR

1700°C 1650°C 1600°C 1550°C
o70 T T
060
L/
///
/
¥/
/
¥ 050
o
2
040
—==~ T B FLorDIS, . CHPMAN"
— — K. Sano, H. Sakac®
——w—_ Y. Omorn, A, Suzuki )
F. AraTaNl, K. SANBONGT"
—— Present work
030 | !
050 052 054 056

107
Fig. 3. Effect of temperature on the equilibrium for
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Table !. Iron-niobium-oxygen norsaturated melts.

Run No Temp.(°C) [9Nb] pu.0/ Pu, [260] log K, log f GNP
11-1 1550 0 0-0440 0°0099 0647 —
30-2 0 0-0436 0-0102 0-631 —
34-2 0-20 0-0440 0-0107 0-614 —0-026

-1 0-22 0-0440 0-0103 0-631 —0-009
11-2 0-48 0°0440 0-0110 0-602 —0-038
32-1 0-54 0-0438 0-0112 0-592 —0-048

-2 0-64 0-0438 0-0119 0-566 —0-074
33-2 0-76 0-0437 0-0117 0-572 —0-068

-1 0-83 0-0437 0-0118 0-569 —0-071

7-1 1600 0 0°0443 0-0129 0-536 —
-2 0 0-0443 0-0125 0549 —
-3 0 0-0443 0-0124 0-553 —

8-2 0 0-0440 0-0126 0543

9-2 0 0-0432 0-0121 0-553

10-1 0 0-0437 0:0129 0-530 —

-2 0-48 0-0437 00137 0-504 —0-036
38-2 0-58 0-0439 0-0143 0-487 —0-053
11-3 0-88 0-0438 0-0148 0-471 —0-069
10-3 1-03 0-0437 0-0143 0-485 —0-055
11-4 1-08 0-0437 0-0150 0-464 —0-076
10-4 1-40 0-0436 0-0147 0-472 —0-068

9-2 1700 0 0-0432 0-0199 0-337 —
39-2 0 0-0439 0-0195 0-352 —
38-1 0-59 0-0439 0-6223 0-294 —0-039
37-2 1-08 0-0439 0°0244 0-255 —0-078
36-1 1-40 0-0438 0-0248 0-247 —0-086

-2 1-59 0-0439 0-0251 0-243 —0-090
35-1 2-12 0-0436 0-0246 0-248 —0-085

-2 2'18 0-0436 0-0259 0-226 —-0-109

log K{=-0"0915[2,Nb]1-+0°640 (1550°C)
log K;=—0"0618[2,Nb]+0°540 (1600°C)
log K;=—0"0512[9Nb]+0-333 (1700°C)
Table 2. Interaction parameter between oxygen and niobium in liquid iron.
Researcher Interaction parameter, egN?’ Crucible
1550°C 1600°C 1650°C 1700°C

M. ELLE and J. CHIPMAND —0-14 Silica

K. Narnira and §. Kovama® —0-17 —-0-12 —0-07 Alumina, Silica

Present work —-0-09 —0-06 —-0-05 Alumina
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Fig. 6. Observation on formation of scum in melts
saturated with NbOy(s) at 1600°C.

Table 3. Iron-niobium-oxygen saturaed melts at

1600°C.

%‘;n ’{L‘:})c [%Nb] | pu,o/ . | [%O] log K,

45 20 221 0-0351 — —2'565
46 2:8| 1'05 0-0533 — —2+526
50 30 130 0-0432 — —2-6l4
51 2:2| 0-89 0-0509 — —2-636

log pu,o/ pu,= —0-46[%Nb]—1-30
OEBIIEAERD O EITHET S log pu,0/pu, &
[%Nb] OBREB/NFEIL X DV RDDDT, KX
TERbIN5.
log pu0/ pu,— —0°46 log[%Nb] —1-30--(8)

(ORI L W REBERDTOBEL = TOfRETE
kb & 1:046, F7cbb NbOoyg &72 %%, Nb-O
Fir oL mIEEET, NbO: 5 \WIIHE¥E
= o TEE LA, NbOs_x OWTFNh »Th 2LEX
BN%. ZOsEI>WT M. Ewe SOREMAEIET
DOE IO XBETIC X b REERDIT NbOTH B &
L, B3 ZhaTRELTWS. AEBRTII+47%
EoFmE{LDS 2 T, XBEHFEZ2TL2>TWEN
25, EPMA S#1ic X 0 Nb jBEEH 0:89% LLEDIERR
sSeloEEE{LY EBE)1IT NbO, & LT 88% ONb

#EHFL, Fe, Al #&E W E&FEE LK. Lich
STHEELER DI Nb 0L OB TH Y, TOERE
1350 LMNTES. .

PR OHEE T FESE REEAE BiE NbOa(s) & LT
1600°C Wk 1F B ERBEREZTLTH S

L OHEORIGE L U EHERIT

NbOsq(s) +2He=Nb+2Hy0(g) -+ (9)

Ko= (pu,0/tu,)2 + [%ND] crreremrmerecnacnnen (10)
(O)BIUTUOFKIL X b, log Ka=—2'60. L7h>T
(DX OFREOBIEE h ~ % V¥ —Z{b, 46G°3 22,300
cal ¢ 5. ()RR EVADRDOEGD 4G° 1%
31,300 cal, L7ii>TAOFHEH L LT Ansig
bh5. g

NbOz(s)=1_\_I_b+29_~-----------------------------(1l)

K3=[%Nb] N a6=2-23x]0-4 ............... ([2)
Ih S DEHMELI VTR M. Eue 5, /MULD D
PIEEL D /L, PESETEEENKF>TVS
Z Ehbirk.

O X BB N FEEIC X D iERL Fe-Nb 54&9 0
Nb OERB L log Ky DIBE X BZ{LERELT
H5.

NbO:(s) DD 4G° 11, Nb OFfFD 4G°D 35
Xt HiO(g) DAEREIGD 4G°1» r(5)RHHEE
L7z O:(g) DUEBRF~OEMBEIED 4G° #HVT,
AHROFED 46° (IHRIL L WEHII 5.

Nb (1) +20 =NbO;(s) N ¢ )
AG°=—140,700-+46 0T ----vveveeeeeeeenn (14)

—%, Nb() » 55l Fe-Nb &4 ([%Nb]l=1) ~
DIRFEZEL, (15) RO 4G° WFERFBBRICES TS
Raoult ##id> Nb DE&MREE 1y &L TUHRT
5zx6h5.

Nb(l) =Nb(%)

4G°=4-575T log 0-00602 7%,

=4-575T log 73— 10°2T e eeveeinreannees (16)
AD, ADERORIED 4Gy X Dskwic (15) RO
S0 4G = —23,200cal LTt (16) REFHWT,
rap=033 K HRERXEL. ZOfEF M. Eus 50
4{#, 0°20 XIZiF—H L, BRb Fe-Nb £4&FONbD
EERIZ Raoult ORI LL00ARIERT 5 Z & H5ER
Shie.

FRIBROBERS XU r'yve=033 KX VHEEVERE
B, e N2 12 100 L7 BR%, ThUE ry,=0'33 2%
NEFELETHHEELLS.

AERICERIBFROBREC XL D (16) KX EZERK L TA7) K
BELN, ThE(INREELELETUNDRTEDbE

ceeeiennnnne (15)

— 74 —

L RS



.’

-

AN Ay Y aVIREBBERDOE EEIZ DWW T 335

5 Nb OREENIGD 4G° XU log Ky OEEIC X
L EFRDD e (18), (19K Lixs.

4G = —4,200—10°2T -evvrerrerveenecneenns (17)
AGC=137,000 56 2T +o-eereerreemvemuenrenes (18)
log Ks= —29,800/T-+12°3 «rveeeeeeeeenene (19)

(UDHKick vERb XD log Ky IHEEE V1052 KRR
FANCBT L TV A S22V TIRIEEROWmE £ —F T
D5, $+rmuTL¢«é;9&%%L@%%ﬁm
D, BMP D=+ J, BEROF BTV TIE S B
FHERMZ TR B

ThbbARERTIE [%Nb] <08 13517 5 Filk: Ak
oM HARITIE [%Nb1>0:89 D4 & Bt b, §iE
DIREEFIRIC 35\ TR BRI S OFERM FE LR ARE Td
SFr. LOEIDOWT M. ELLE Bz 7 L3 F 50108
NEEEREHFRE L TREYETHD L LTARDDE
ZRAVIEZOIZE L, HUSE [9%Nb]=0"4~2"21T k17
LIEER T VT F LHOFIC L DTS EEROMFE
ORI —FL TV, Lo TAERICK W TER
BN BRESTENS S O, RIGEHELTOT IV
R B OFIRET A0 E VO MBI RAFRTSH D,
RO TELERDS .

4. &
RT3V B = o T ORB & MR T 5 70 DO HIHE

il

LEBREITR, DEOFEREEL
(1) #EWMbo=* 7OBEOHEEFRICH T ORE
N E <, Cr, Si OpRCAET . ,
(2) [%Nb]1=089~22 T3 \F % Ui B4R
NbOq(s) :#EE S, MEEINIV LIZEMEEFETHD.
AW OB HO— RISk ETTERSICI VE
HEN2bDTHH, BELXI ZWRBOBELETS.
x 3

1) M. E1ikE and J. Cuipman: Trans. AIME, 22}
(1961), p. 701

2) /b, FRE: g LR, 53 (1967), s. 478

3) /L, FRE: 8 L3H, 52 (1966), p. 788

4) Kk BA, WA, =ZFEA: BUE, 23(1967)2,
B

5) JIS G 1231

6) WE, % &B¥ 4k 23 (1959),
p. 667, 674

7) J. P. Froripts and J. Cuipman: Trans. AIME,
212 (1958), p. 549

8) =K, AFH: gL, 48 (1962), p. 1292

9) w3, HE, R4 &MEE, 3 (19%61), p

10) ®~r, &4 g 180, 52 (1966), p. 786

11) J. P. CoucrLiN: U.S. Bur. Mines, Bull, No.
542 (1954)

12) J. F. Ecuiort and M. GLEISER: Themocheme-
stry for Steelmaking. Addison Wesley Publ. Co,
Reading, Mass., (1960)

HATY LY arREBERY O BT

B o4 oW OKRM™E JI OB Y

On the Floation of Deoxidation Products
by Calcium-Silicide addition

Synopsis:

Yasuo WATANAAE and Takaji Kusakawa

The floatation of oxide inclusions in static liquid iron was studied using the complex deoxidizez,

calcium-silicide.
The obtained results are as follows;

1) At the initial stage of reaction, oxygen content in liquid iron decreases rapidly, but at the next
stage of reaction decreases slowly, when the melt was deoxidized by calcium-silicide addition.

2) Deoxidation products become large during short time but the rate of floatation of fine particles
are so slow that the cleanliness of liquid iron is not good.

3) The rate of floatation of large oxide particler is greates than that of deoxidation products by

metallic silicon.

(Received 15 Dec. 1967)

1. #

ULER D IEE 1 D W TEEERAVIIAI 2 & A T7e bl
BR@AR % R SIS, N EMEAR, KE, FLoEs v
D7 BB TV THi 2 DG BTIinbhh T 579,

[l

NI LD LREEARN P ET 5 E TOERERTEHDT

* BF2FEIOAFSHEASITTRR
BA424:12 R 15H &
o ORmEASEE TR

¥ RMEAXRFEIEIN I

— 75 —



