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Kinetics of Deoxidation of Liquid Iron with Titanium. By Saburo KoBAvAsHI and
Yasuo OMORI

The kinetic process of dexodiation of liquid iron with titanium was investigated. Heat experiments
were carried out in a graphite resistance furance. The chemical reaction of deoxidation of titanium
proceeded so rapidly that inclusions were stabilized in composition immediately after titanium
addition. Inclusions assumed a spherical form at [Ti]=0.04~0.05%, and aggregated into clusters at
0.1% < [Ti]<<0.6% under microscope. By using X-ray diffraction, FeO-TiO, and Ti,O,; were identified
in the former case and Ti,O, in the latter case.

When spherical inclusions precipitated, deoxidation process was determined by floating of
inclusions which did not coalesce on the floating way in metal and removal of inclusions was relatively
inactive. When inclusions precipitated into clusters, deoxidation runs deviated from ones calculated
on the basis of the initial size (Stokes diameter) distributions of inclusions and Stokes low to faster side
and removal of inclusions was accelerated. These deviations were considered to be due to coalescence of
inclusions on the floating way in metal.

Therefore, the amount of titanium to be added should be decided as inclusions precipitate into
clusters. For this purpose, it may be more than two times the stoichiometric amount corresponding
to oxygen content in metal, taking titanium oxide as Ti,0,.

(Received Sept, 30, 1971)
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F2FE A—F TN a—LIEIOLES TR

kB w0 NI B3 HE (ppmn) * FRamEs

HeatNo | ¢ | 0 7 (T [Om] (Fe) [O)re] O)ri+ ©Ore| Orlppm)
70 0 0.065 | 327 | 218 333 96 314 306
71 0 0.170 | 614 | 307 | 368 105 412 400
71 17sec 0.210 | 7831 392 | 60.5 18 410 393
71 10min | 0.185 | 344 | 172 | 20.5 6 178 161
72 0 0.637 | 475 237 | 75 21 258 244
72 20sec 0.640 | 425 213 ] 17 5 218 240
72 2min 0.607 | 445 | 223 | 20 6 229 222
73 0 0.043 | 436 | 290 | 480 139 429 418
73 2min | 0.046 | 365 | 243 | 481 139 382 418
73 10min 0.036 | 380 | 253 439 127 380 385
74 0 0.143| 3381 169 | 51 15 184 168
74 2min 0.141 | 339 | 170 | 49 14 184 156
76 0 0.560 | 294 | 147 | 65 19 166 135
76 13sec 0.564 | 219] 110 | 13 4 114 130
76 2min | 0.562 | 267 | 134 8 2 136 126

* (O)qi i3 TiOs (71, 72, 74, 76) F7z13 TiO, (70,73) & LT (Ti) »5HEH
(O)ge 12 FeO & LT (Fe) b5 HH

11) H. Sandberg, T. Engh, J. Anderson & R. Olson: Japan-Sweden foint Symposium on Ferrous Meta-
llurgy, 1971, Tokyo.
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F X VERMEN0. 24960 E oG, B 1d ISR ERTwA L 5122 ONEDTRE A 7a LA

HEH 1 AEMOEBESTE
[Ti]=0.04%: a; t=0(x400), b; £=5min(%400), c; ;=30min(x400)
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12)  JURTRIER, [EDMMER, NEBH: $kiem, 57 (1971), 94,
13) E.LL. Evans & H.A. Sloman: J. Iron Steel Inst., 174 (1953), 318.
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HEORBRE L TWBD, 7922 —RCHL, KEETFTTREQEZELC. 1000 C#ET 5
75 AX—bRbIT., X VEINEN0.0896DW 5 LIk 2 Bl s IciELRRT. 208
BB L L L ICEH 1e KRINTWD X S ENEWEIKET S, 30min DRCENTEZ 7 A
E—EEALRONT, HoTHLPHEDLDORER 1 WRINT5H L S5 HAsEx L
FHBONEDN AL R, ULALBEBTH - THLTLULHBMTA L, & 106 BEONED D
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EPMA Z X AN EHDNBORD T H D~ %2 5 KCRT. FXVEMEDL/NCHbD T
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MHIEEL (t=0) 7D 60°C IR\ T2 — F7 A3 — Ak D il S ic N EEW O KL 546 5 7
BHSHWTFHR DX) TH6RCRLL., HFEXEZAN~27 2 TH5. BERCIITHA L
LTCA~FH A X DAY — & 0. 196%E14096 27 Y 2 ) VKW A RICIC)Y, NEDOSHELR
IFT&H 7. Heat No. 70 k5 LOT3DHE, NEWOEE L A L AT A F OFEE 4. 72g/cm® 1Y,
Heat No. 72, 74 5 L0716 DG, H2ENHI0b L 51 (FeO) (HMEnTcn T, TiO3 OF
B 4.585g/cm?® 1%, Heat No. 71 OE&E(L (FeO) /e EnwoT, N #x L 5R, p #HE &
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PTi,0,~Fe0=pPTi,0,NVTi,0, +PFec0VFeo
CEIVEHELLEBELH . B2 2T preo DOfE &L TIL 5. 745g/cm® % 7o',

86 RN EW DG (Heat No. 70, 73) L7 5 AX— %1 NEWOSMOEEML LM
BE%E LR LTWS, RHiEOBSHBEBERICIANEDDORE I LIEFIF-HKLTA L~ 27 AF

14) C. Palache, H. Berman & C. Iroadel: The System of Mineralogy, Tth ed., I, (1944), 519, J. Wiley
and Sons.
15) ASTM % ~—7F No. 10-63.
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X 20u LUFC, TRODGMIZEALES VD, BEOEHEA L~ 27 2RI 104 ONEY
MEFETH. LLELIC DX)=0.5 DL ExDEE, VbdPb 122138 3~4u THHEES
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NEWRI SAE—LE2ONRD. WBEE T THREIRLTAIF 27 IAX—PNHILEOT Y F
TAMRMEYTH S &), 2522 —2WRTHT7 A3 =7 a8 BiEED Al,Os RANEHD
A b= 2 AERNE Y RELWE IR 1920, [ ALO; 7 5 A & —HR B & A il
BENEISBRAINDZ EV it LR OHEY T 5.
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TR, 0.24%L D&% 5 8 K om
T HEMAGbAB LSS, F & VL t=0
CEWTTTIZH5E—ICEE L Tk D,
[Ti] X EFr = T—F&KLickfTamL, i
MlE DB L T D, BT
EFr<atcididg—®%L 5. 7Rk
WTIEWIIE SRR Oto »Y 300ppm (a),
400ppm (b) DHH & A KA 3~5min (X Ot
BRDET, oA EIGT 50, Bk
DETIIHRAPEER T H 5. 45 8-a, 8-b,
8¢, 8d ® %Kit Oro + + F 41 400,

245, 168, 132ppm DHHFTH HHY, Oto IE 0 10 2? -~ 30( ) 40 50 60
. e .e FFFHER (min
BONLMP L, ZOHEL Oro HEVE '
PAREW, O 2iABETH-TL, F2v T Zhﬁ@?fﬁ7mM%ﬂ%%
. . Ll O v
=221 041 |- N A
WINED0. 2496 A LD B5 D F5530. 0896 D L Chlks) 2 Cyhey2) 3 Cpiky)
H LD BFEEE YA bbb, 4 Cp (3ks/2)
4. E =

4.1 HEMEW O]

F 2 VERIEN 0.3 ED Y G, Tiobh b ERIcIsiT A BRBER 7 2 v MBI EBFRT
TR T IS DA KAF T LB G ORISR (O1,—010) /[ (O1p—[0)e) ZTIEHLT T m v b
L S TEMEBMEAET RS L V100 %1475 L, T3ERTRI 1B L 8sec &7 5h.
BEERPED &L & 7=0 TN A LIS DI F & v OEEIRIC —E 0 B B3 57000 ThAH
5. BFEDBEERND DB I—KRANFEHDONTH A LT 5D T, HHiIGImD THGZ &'
mh.

BINEAEYFBHED 9L (Ti) AL TWH LEZLRBEEE (O)1i DEIEG (O) i/l (O)1i

) BETEPRARE BRI, (1966), 149, #EE.

) R.A. Rege, E.S. Szekeres & W.D. Forgeng: Met, Transaction, 1 (1970), 2652.
18) FEIRFERL, TTFOEAS, AJFEE: k&80, BT (1971), S66.

) TTATEEE, AMEZER, ORIRIAHEE: 8- 88, 53 (1967), 336.
21) IREEH—, FEHEA: gEL8H, 56 (1970), 625,
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+(O)re) & [Ti] L DBAFBARE R, t>01C
BT BHEOELIEHNTRINT VA, Heat
No. 70, 73, 74 D#E t=0 1ZE\ T (O) i
DEIGIIELIVDT t=0 BT, ¥
To DM DB DS t =>15~20sec 1T\
T (O)1i DEIGIXEL LD T t=15~20
sec WRWTT TENEWL LEMRRICEL
TWbHI Edvbhnd. [Til>0. 15912\ T
BEENEWHOMFEILEDIC%H (Ti) &
BELTWAZ Licie b, [Ti]<0.159% &3
W (O) 11 DEIE X [Ti] WA & & IT,
»T5h.
BIOKICAEBRTHE D WICHED D LZEM
k% Evans 5%t Hardley 520D ¥ — 4
EREEL K. [Til>0.29 R\ Titeed
Y Evans ©OPEHR & 13I1E—%L T W
Ap%, [Ti]<0.296 B\ TITAREERR D J7 A1
(Fe) »i@E\ .
NEWOMRE (96Ti) & (96Fe) DEELR
TEIKIR LK. AEYH TiO & FeO
LRBEE, TigOs & FeO WHRABE R X
O TiOp & FeO O ABHETERT S (%
Ti) & (%Fe) OBERILEMRTEHLINS.
KRS 5 (%Ti), (BFe) HHTHIC
X (0) LTk Or AV, XHEEHFI
LD FeO-TiO, Ti;O13 MEEINAF £
VIRINED0.08 B DBFE t=0 B THE
13 (TiOy+FeO) EffIc—3% L, fbF TisO4
WEAE S N F 2 VERIMES0. 24968, L D3
=0 BV THUEEL (TipO3+FeO) B
MR- THMTH. ZhbDZ ELBNE
WSV RN XWRAEER2EMNT S
BT, HOBEBIZE 5 THF 2 VDR
FIEEDLTF 2 VEBIEWIILEL T 5 &
Ezbhb.

4.2 BHLWBIR T AAEDDOKRE

| T SEpktE, Thabh 1) BIRBERET
0 10 20 30 40 50 60

BA5IEIE (min) BB, i) t=0 IRV TAEY DT IE

, - SETLTED, i) =0 KK T—KRNEY

A A RIS LTV B, 5 X0 V) 1F
1 Crlks) 2 Cp(3ks/2) 3 Cplky) LR A TE R U T B R AL SR s,

4 CL3k/2) DT C—RANEW I EHFCRE LTS Lic

X 5 TEEEIWBL LT LB RITRVTIE,

22) R.L. Hardley & G. Derge: J. Metals, 7 (1955), 55,
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BOIEENS DEBEN A DL < iC it B4 100 s
RERWEEE Ch (2 by %
Ch:[o]e*i‘(OTO—‘[O]e)D(X) """ (1) 80 76
TERHLINDD, KFOWRLME v i Re s
<1 BT T 60
v=kX% . ... . (2) §
THEDBIRDDT, D(X) 2k 5 HEHD ; ©
MHE X i e
X=vyhlkt - o e (3) E .
. 2
THEXBRD., NEWHAL — 27 ABlicges 2
ﬁ“@ k 75: ks Tib'@bf | I ! 1 1 1
ks=(p,—pp) /18, %01 0z 03 0.4 05 0.6 0.7
THD. NEYORYE, REEEDEC L S (%Ti)
FEELEBCANDEED k& b TH  moy NEWMPBEICKT 2 Ti $FEAHED (%)
HEl O ¢=0: FEFFM 2sec, A r=0: BRI 4sec
k= (p —pp) (7 1, +9)g/6 O t=15~20sec, & £=2min, & t=10min
m m
(2 +31,+3y) 7,
40
¥
S &
% w 20r
;_\
= o
° @]
= [¢)
o 1
T 40 60
(%Ti)
~ FUK Ai&¥Fo Ti, Fe oaH 5
00T 02 03 04 05 o5 o7 L (TiO+FeO) 2 (Ti,05+FeO)
o 3 (TiO,+FeO) 4 Hardley??
(% Ti] [%Ti]>0.1: O t=0 @ t=15~20scc & £=2min
FBIOK MNEMROBRSEE & t=10min
1 &ER (O) 2 Evans’® (A) 3 Hardley?? [%Ti]=0.5: [J t=0 [[J t=2min [ ¢=10min

THDM. 2T Py N BERFRBH OB, Kl R, Pps Mp XX NERNNERDFEREE, ¥
VECRE, g ENMERE, y IANEDERCET S WAEEEWE D Ris—41 KIT 0B BT
a%@)Kﬂ@?%ﬁ%i@f@%@ﬁﬁ@ﬁ@~miofiféﬁ%@ﬁiw%%ib?%ﬁf,
EUMEOWAER, WEEE L CBEERL, FEc s 5. (Mp+9)—0 D& X kyfk=3[2, (m,+7)
=00 DEE kifks=1 T 1<ki/ks<3/2 TH5B. 715 B+HAE L x, Thbb N EY Y B
LERT LW L DBEBERERICANDIBED |k & by THEH T

23) TIATERE /VRZHEB: @88, 52 (1966), 546,
24) V. Levich: Physicochemical Hydrodynamics, translated by Scripta Technica, (1962), 420, Prentice-Hall.
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ko= (pn—pp) (31,,+$X[2)8/187 (27, +pX/2)
5B, fIIERERT, BT RDEER f=0 T, BLIVHER f=0 THB™. =00
L hofki=3[2, f=00 DL X kolks=1 T, 1<kofk;<3/2 TH%H. LhEDZ b Re<l OH
& RIX

ko <k<3k,[2
TH5.

() 5kE D X wdiiT s D(X) ofix (1) @fRATHIE, v hickidd DL E
D Ch HkE D, DX) 12 X OEABEMBER DT, A—EC TR n>he @2 VA
LTIz Xu>X. THADT, Cu>CL &7eh. Tithb b OIFEND HEAREWTDOV AT
BRI Chp BEIZEWL < ARBETLIEh L ) BRENCEETS. &H 1) ~iv) ARESIhTW
B LEEUT k=ks 3L k=3k/2 OBE%x (1), Q) CIVHELL G ZHTH IV -
Hiu7e. FHEEEWT pp="7. 16g/cm? 7,=0. 06poise®® %, F e N EYOEEC O OWTITERIC
Bt HREEI O T, 34 THCCERZFERLC.

i) (ppm)

300 {—
300
200 — B A
£
200 - =
5
100+
100 |-
0 0 | | ]
0 100 200 300
EIERT (min) Oto (ppm)
HI2K Al 1 X BRERETT 13 R+ —7 2R AT E SRRBEK
Al~<1vH O~y L O'rt LyiAmERE Oro DRIR

A: %% B: O’TZOTO

HIRMSBHORESMITDETEN DR 4em ¥ TOWFITENTIEE—TH S, bem L
O NTIE, & EERAMECEWTRTRE—THHI Libhb. FLRRKRINTW
L7z = ABEOEES, LU~ (8em) kT ABBRIMITIT L~ (Bem) KKEFHLDE
PEREANCAIE L, fidho Ca>CL #LTVWAL, O LB EARELH - Th ThidB%
AL LTUE 512 XA TIRA WS ERRL TS, Lichis THD 12 Bl EoRS s 5 H
R ERLEBWE LTS, 5 12 05, &b 2EEND V- L(8em) % TOH
LIS EIEREBICH D L E 2SR, VA LIEonwTOT - 2L TIREH 1) BHEIRT

25) R.B. Bird, W.E. Stewart & E.N. Lightfoot: Transport Phenomena, (1960), 513, Wiley International
Ed.

26) I.F. Elliott, M. Gleiser & V. Ramakrishna: Thermochemistry for Steelmaking, (1963), 626, 640,
Addison-Wesley
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WhEEZOLNS.

Heat No. 70, 73, 74 DHEE 41 TR X 512 t=0 TV THEDILREHRICEL T 5
DT, —RNMEHORBERIEIETTIET LTED, Fi- Heat No. 72, 76 OB E B t=0 1T\
THEDIEERBICIEFIOEERICEL TWAHD T, t=0 kW T—RNEY DO KGRI
52T LTWA EHEEEIND. Lchi5 T Heat No, 70, 72, 73, 74 5 X ONT6DBE &4 ii) 12ig
EHEIRTWAELTIVL. ZOHE Ti-O KGO FEBAREIE IR RIATHDHLES
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