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The Deoxidation with Titanium in Liquid Iron.

Hirotaka CHINO, Yasushi NARAMURA, Eiichi Tsunetomi and Kiyoshi SEGAWA

Synopsis:

The interrelations among titanium, oxygen in liquid iron and deoxidation products at 1550°, 1600°

and 1650°C were studied.

In this experiment, two effective

techniques were developed. One is the use of a thermocouple

protected from high frequency interference by an Mo tube inserted for the automatic temperature con-

trol and measurement.
deoxidation products for identification.
The following results were obtained.
(1) Primary deoxidation products:

The other is the application of the Peeling method for the sampling of the

Corresponding the contents of titanium in liquid iron, a few kinds of the primary deoxidation pro-

ducts were identified as follows.
TizOs (anosovite) :
Ti;03 (a-AlO; type) :

0.001<[9%Ti]<<0"2
0-2<[2%Ti]<2

At higher titanium contents TiO seems to be produced.

(2) Deoxidation equilibrium constant:

In the range of 0:001 to 0.19 Ti and at 1550° to 1650°C. the reaction was as follows.

TisO;5(s) =3Ti+50
41,470

T +3.40

log K'=—

_ (Received 20 Sept. 1965)

1.

FEFEH I BT, FEUIRORBAIE LT, £
EETLRELCEERTLRTH Y, ZNOBEFb ol
NEemMmsb ERIERCRYTHS. Lrl, BkFoOF
% OBEICHL T, BUYEE TS < ORISR0
bhTE s, LhbOBRE—HTHLRVAT, &
LEKGET TR EANRE V. o b 2 BB L <
1%, WENTRUP et aliDiZiBgghh o & U EESHEINT %
W LTzdivy, FeO-TiOg(0:02~0294Ti), TiO;3(>0-2
%Ti) PERT S LR THD, Evans etali(3FeO-
Ti,O3 (EF & v J2EE), FeO-TiO;, TiO;, TigOs (0°1
%Ti §i12), LE® TiO 5% a-TixO; (>0-29,Ti)
s 5 &4 L, HabLey et ali.O)x TiO,(FeO, Ti,O;,
TiO ZA&4%) (0005~19Ti), Ti,O3 (1~59%Ti),
TiO (>5% Ti) PERT B LBRTWE. I BITHER
FEHEIC OV T D, Bifd 5 X 5w SEME, FHHEME
WEC X D 27 OREBL LS.

T OTRZERIT, ETRBAERMABAL,TL, #HEk

il

ROF4 L B LBERLOBRIICFLIUELREL

— IR FRAE I & DR Z KD 5 BRI TfT iR o7z
2. R B /&

2-1 REREE

FEEBZEREXNBEERIRSE BkW), KFE—KE
RAFAEEIEE, #OFHUEE (Fig. la) kI ORIGFFK
(Fig.1b) X9k >Tw5%.

2-1-1 KEIKKRGIBEAH AFEERE (Fig.1a)

& % DIKFESR T E %155 7D EIRME NICE 2 Dok
SRR R R, LE LT HKELSECS U Tk
(Pu,0/Pu,>0"03) F7-1% LiCl flafizkiswk (Pu,o/Pw,
<0-03) OAEKBEAEEEZRA V. BAEEROAlo
KRS E R BE L 7o RIIR OB D ThH ol

(1) #ikR (EEFEEED 60°C % TR EafKESR
EED X 0FHELREE £1% INT—8 L.

*OHM0E 4 AAKEEAR
4048 9 H 20 H 3245
IR BLER () SRR DTFEAT
ORISR () AT B
el URBBER (B DT T

CTHE



960 #o& s - 52 4 (1966) E6 B

Mg. 600°C

— Ascarite

stieve

\7 P, 05 & Moleculat

il

’ -
Thermmo —-| 1=
couple EE:I.L@—GGS in
Mo fube | ml
1 Preheater

4+ Silica fube
Radiation slievef

Al,O; profection
tube
[} [ . .
b4 § Liguid iron
(o] F\N
I~~~

ALO; crucible

—Gas out

LiCl sat, soln.

Fig.1. Experimental apparatus.
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Composition of electrolytic iron.

Blement | G | P | s | Al |Ca

Co ‘ Cr Cu

Mg ’Mh Mo | Ni | Si | Vv

Conc. (ppm) | 50 | 50 | 40 | 10] 30

9% | 10 | 30 | 20 | 40 | 10 0 |10 | 1
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Apparatus for temperature control and measurement.

Table 2. Measurement of emf by wire method.
(Pd pt)
Experiment mV Temperature (°C)
1 10-68 1549
2 10-68 1549

Pd pt.=1552°C
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1) New thermocouple
2) Thermocouple whose joint is re-made
after using for 3hr.
b: Deterioration of thermocouple with
time (at 1600°C)

Calibration of thermocouple. (PR. 6-30)
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Exp. Condition Time: 3hr, Temp.: 1600°C
Gas flowrate Hy 150cc/min.
Ar 350cc/min

Final analycis: [%A1]<0:005, [%Si]<0°015, [%CJ<0:002

Fig.5. Experimental result of Fe-O system.
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3. RRERBIUER

3-1 BHEEER

FlErE 2 A VC, SRR F & U JREE 0:003% 5> 56700
%% TORRERMZRE L. #RI1L Table 4 R
L7z, kb 0:169% 74 o g LT T TisOs,
0°2% BPLLTiE TipOs, 5% LI LTI TiO 25580 b
7o. T OFFIIRDIBO TH S .

3.1.1 TizOs

Table 4 X D b»2BY, F & » GHEH 0003~
0-16% OFFH TIX, —WRBERRARMIT Tis05 TH D7z
AR THE SN 7B/ % — 1, ZHDANOV et ali.1DH3
RdFT S VINA FOSE — IR L L —%T 5.
L 2L AnpErsson et ali.!® ¢ TiyO5; /8% — i3 BT
OFNERN L. —f% Table 5 Tid. FLT7
V84 b oINS % (Orthorhombic) T IVIE.
Z @ FEE oW TE,
Asprink et ali!® FRDO LS KHFL TV D, Wik

Table 3. Primary deoxidation product in Fe-V-O system.

Content in liquid iron A Temperature Primary deoxidation product
tmosphere (°C)
[9%V] [20] X-ray analysis ‘ Emission spectro chem. anal.
0-87 0-021 ‘ H,-H,O-Ar 1600 - V30, ‘ Vilt, Feif, AlH, SiH

Emission spectro chemical analysis -+ <4+ <Ht<tt <Hft
X-ray patterns of Al and Fe oxides could not be observed.

Table 4. Primary deoxidation products in Fe-Ti-O system.
Temuperature Primary deoxidation products
[96T1] Atmosphere I() o C? )u
X-ray analysis Emission spectrochem. analysis

0-003 H,-H,O-Ar 1600 Ti305 (aosovite) Tift, FeH, SiH, Al
0-018 H,-H,O-Ar 1550 ”
0-064 H,-H,O-Ar 1550 4 Tif, Al+,Fe-+,Si+Mg+
0-095 Ar 1600 4
0-16 Ar 1600 4 Tilfr, Al+
0-34 Ar 1600 Ti;O3 (a-AlOj type) Tiff, Fe+,Al+
0-76 Ar - 1600 4

1-69 Ar 1600 7 , Tikt, Al+, Fe+

. TigOg (a—-A1203 type) . .
4-52 Ar 1600 *  TiO (NaCl type) Tillt, Fe+, Si+

. TiO (NaCl type) .
670 Ar 1600 * TiO (low—temp. form) TL{HH{ Al+4, Fe4, Mg+

% Further confirmation is needed.
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Table 5. X-ray diffraction pattern of TizOs.
TisO; Ti305 Present work

ANDERSSON et ali. SupaNov et ali.
(ASTM 11-217) (ASTM 9-309) [26Ti]=0'018% [2%Ti]=0"16%
dA I/1 dA /I dA I dA I
9-42 20 4-78 60 4-84 M 4-86 M
472 10 3-46 100 3-45 S 3-48 S
4-279 60 2-70 100 2+72 S 2-72 S
3539 1060 2-42 60 2-42 W 2-44 W
3-437 20 2:37 40 2-38 VW 2-39 W
3-346 40 2-17 60 2-18 w 2-18 M
3-329 40 2-14 20 1-95 M
3-307 40 1-93 80 1-86 M 1-95 M
3-146 60 1-85 100 4 1-86 M
2-846 20 1-81 40 1-74 w 1-83 w
2676 60 1-73 60 1-64 M
2-611 40 1-65 80 1-62 M 1-64 M
2-378 40 1-62 80 1-59 W 1:62 W
2-364 40 1-58 20 1:56 M
2-189 80 1-54 100 1-53 M 1:54 M
2102 80 1-53 80
1-901 80 1-37 40
1-689 60 1-35 60

1-29 ' 60

1-26 60

1-24 60

" Table 6. X-ray diffraction pattern of Ti;Oj.
TiO3 Ti,O4 Present work
a-AlyOq type a-Al,O; type
(ASTM 10-63) ANDERSSON et ali.l® [2Ti]=0"349, [Ti]=1-699,
dA /L dA I/1 dA I dA I
3-732 25 3-743 M 3-74 M - 375 M
2-712 50 2:715 M 2-71 M 2:72 M
2-572 60 2579 M 2-57 M 2:58 M
2-238 35 2-248 W 2-24 w 2:25 w
2-116 11 2124 VVW 2:12 VW 2:05 VW
1-865 35 1-867 W 1-87 - W 1-88 w
- 1-704 100 1-706 VS 1-707 S 1-710 S

1-634 11 1-640 VW 1-64 VW 1-515 VW
1-510 30 1-512 w 1-51 VW 1:49 W
1-483 45 1-488 M 1-48 w
1-306 25 1-305 VW
1-2849 17 1-28 VW
1-2432 -1 1-24 VW
1-2146 7 1-215 VW
1-1613 17 1-16 W
1-1192 25 1-119 w
1-0603 11 1-060 W

TisOs IR L KIER 1D D, 120°0CHHBR TRV
SR BB AT S, WIRBEO DO, %l
ANDERSSON et ali.!® DFER L E—D D0 TH Y, HIRE
B VN4 PR (D LER L BEAPRIGEVWEITER)

¢ Zupavov et ali. DFERIA VDO THS. ZOBEIR
A TizOs WAPEOSHFEELT LITX D [(Tii_sFess
«Q;, 0°03< x <0°08] B ECREWCRD S D LBIT
Wb, DLEDARERD 0169 F & RELT ORER

LRI b EOHEE T Ti305, $7bb (Tiz- Fer)s
O5 EEZBRE. LiztioT, Ti LODHIE 0-6(=
3/5) &5 X DTl S 0-582(x =0-03) BEETH D
BB OF 2 VIREORWEITIE, 20k B
T35 EWEIND. ULhUAHRTE, —i TiOsd
BIELTIRTERIES 2 i L.

3.1.2 Ti,O;

VAR D F & L IREED 0°33~1-69% OFAFATIE, —Wk
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WE e~ L X —F LTz, FDO—f% Table 6 TR 7.

3-1-3 Tio
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G Wb, BRERIC X DT ERE»RIEDS
w, BEMEBEDPNE & — AT, TR ZTT
755 L ERTERAOR. —SHERIND T LIE, Wk
THDF &% VRN 4°52% O—RILER 45 ik ¥ W& LR
Ti;O; » TiO (NaCl #J, ANDERSSON et ali.t®) 233LAF
LTw5 EE z b, 6:70% F & REO —RITERAE:
B Trx TiO (NaClR) & TiO ({KJA!, ANDERSSON
et ali.lt) BREFELTWVWB EEZDOND.

DEFErdd s, BERMOF & VIREHKI0 001~02
% DEIFH T V3 — YR B iV TisOs TH D, #9072~
205 OFIPFATIE TiOs THo. Fio, WHFOFZX
VIBEN S %L Ric e B & TIO KT 5 L Ebis .
3-2 BEFEELK

3-2-1 PR FATEEL

AEERTHELBRLID, #BEkFOF &2V RE [%Ti]
LEARIRE[%O]1 & ORKRE Fig. 7 IK/RL. &
D 0°001~0"1% 7 &% L JEEEHIFE TL, FRERITEE
WTHRL L EpbrD. 001% F R URELLECED &
BRI NS TERLTLD, F 2 URELRERRED
R E skd 5 2 E B ARAFETH D7, T T T0°001~0"1
% T & REERE T OFAREC KT 5[%Ti] 21%010
B E B ETETRED L5, RABELNE

0.02 T — T T
3 s 1650°C
° /600°C
0.0/ ® /550°C -
\\éﬁk\
0.005 AN

§ 0002 \§\ <

A \Q
00005 \
000/ Q002 0005 0O/ 002 005 Ol
(% Ti)
Fig.7. Relation between [2Ti] and [%O].

1550°C  0-586 log[9Ti]+ log[20O]=—383
1600°C  0-588 log[9Ti]+log[260O1=—3"72
1650°C  0-595 log[2Ti]+ log[2401=—3"63
C TR Ti:O; 7501, 37D log
[2Ti] ORI 0:667 Th %, TizOs 7 5iE 060 T
BV, TiO; 751 0°50 L7c 5. 1 3 o HEHE TisOs
DRI —FTNZ Ep3brs. WL, ThbORED
t BT ol 05, 0060 LB DX T Vit
EVSERMESN . (R OIZEEE(RZE 0 =0:03). |
HCHIED, WEkho 7 & VD 00001~0-1%

Iehe

DR CIE, —WBRERA R TiOs Thorb, P

BIERBOEHR LB ERDREOBREPTFELENL
LTI D, L3 DT, WEkHOF XV RES 0001~
0 19 DO #iFA T O PR FEEHIIR R TR EINS.

Ti3O05(s) =3Ti+50

K'=[9Ti}*[90]°
KEBRBERI D, H57-1C log[2%Til3[%01° DEDF-
Wz kb7 & T %, 1550°C, 1600°C, 1650°C T3
WT £k —19°31, —18-71, —18°21 rigofe. Licds
2T, K' olRERHNIEIROBY THS.

log K'=1log[%Ti]3[2015=—41,470/T+3 40
Fig. 8w K' & T oFERLEk.
3:-2:2 fhiRs5{E & DL

T TARERER SO R 2B L T2 5.

Fig. 9121%,1600°C kT 55 2 VB>V T O,
e OMERZMR L. M bbrr 580, RERMEX
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