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ARimxix, lOptimization of Inclusion Modification Process in Liquid Steel by Ca Treatment] &@HL.
TENOEBRIN TN,

% 1 & Tntroduction] T, MBEOLZHAL - BREOBELOTH T, ZRFHEDE < 72 28O TRICE
JDIEBEIC OO T L. Ca FESILELEFIZ W THTIHIT 5 CaS MEBC L 2 X T 1 v v 2 BiE ) AV
DPAZERER LR FHEDOHLIT OV TR, Tz PRl BikT 2 2L REETH D Lik~TnD, £D7k
DITIE, 2 ANVHEDRER TH S CaS DA, AKX MnS WEEBBEZHONIT LI ENFAERTHDLZ L &
B L, T XV RET v AR LOMEREERZME 25 2 A TE D LR LTWS, £0 LT, FEiR
FITFIEIC K0 BFRIC AT 2 S EM O A BT U, Ab22 ol OV SR OBLIR» D Ca OIRING & R8T
DIRBEIEPUETHD Z L 2B L, AmXOER L EREZB TN D,

%5 2 3 [Experimental Design for Deoxidation] TI&, CaS NZLEIHTHT DA FHET D=0, FHHEICHK
BRSO E W) T — X OBEEM,EZ IR, Ca OLERIE-E D & EERRN~ORE 72T ORAE B ik
VAT AERFADARARTHDHZEEHFLTNWD, TD70, L 0L X UM EION T4 %K LT
MR LTERE T 28U, Ti BEARERT A T AEMEE L, SO Ca 38 L0 OB FRMEZFHm L TV
%, CaS OFREMHETIT, Ti BEAMEE L AT LA EEF L, Ar VAT OEHEMBELZREL, EDICHINVVTEE
v a =7 EUREME (CSZ) & T LB 1L TS ORI ZE L T\ 5, F£7z, CO/COIRAT A% H
W, AR PR OBRBE D EOH B L BB RO BT EE e U, AR OBRFIRE 235 L
TW5,

% 3% [Precipitation Condition of CaS in Liquid Steel] Ti. ¥&&kFd Ca & 0 OAHANEMBMREICHE H
L. FOMEZERERICHIET H72012, 1873 K ICBWT Ag-Ca &4 & IB8k 2 IIERS S8, Ar R M O T1 %5
FRIZT Ca OPEEFB DR ETT72> T D, Ca DILFRT v b, Ag-Ca B4 O Ca DRI X - Tl i
T LK D FATHFTRICEE: LRV RGP CIRET D Ca & 0 OFEEHEAE B, Ca0 & Db i izl
I HEEME L EEDORENS, N ZFEEZHNT 1 RB L 2 RO EAEABREORK#E{LE21T > T
Do TORERE LTefa=-1161, y§3=52105 15T\ 5, £7o, fakli LI EDBEROIERE L b RWES 2R
& RWVRERACOBAMEEZFOZ LD, ZORNFET X E M., ST O CaS OIS EFE LT
W5, ZORFERER L Ar TAPOREESERZ S, 4 FICBIT 2 EROLMHFRTEICHETT 52 LN FAHETH
D EHW LTV A,

% 43 [Precipitation Mechanism of CaS Inclusions in Liquid Steel)] TiZ. BifgAr H#AZEA L, Ca-Si
Hds L BkE Ca0 HIHEN THAF X8, S D CaS NMEW DAL EERE & FEERIRE, (REFFFH OB ZRE L T\ 5,
EGAEE Y 7 b = 7 & O TR ISHTH L7z CaS DMLY 4 &Rk, I EE T I LY CaS ik
EHEEREZIMML, 7= 27 oy hOMEE DD CaS O HHIEHAL = 2L F—% KD TV 5, CaS DR HE
FEHE LT, I Fe-Ca-0-S &4 38U T 1848, 1873, 1898 K THN-ZH 2. 79X 10°, 3. 35X 10°, 4. 83X 10° nm?/s.
VAR Fe-Ca-0-S-4. 6mass%C 544 Tl 1523, 1723 K TZNZ4L 1. 68X 10%, 3.00X10° nm*/s T\ 5, F7=,
CaS OFTHIEMAL =3 —L LT, Rl Fe-Ca-0-S £4:C 319 kJ/mol, ¥AFH Fe-Ca-0-S-4. 6mass%C A4 C 63
kJ/mol 25T\ 5, FEBRIEFE 1848K & 1723 K (BT 5 CaS OEFHECE ATV Z £ h ., REOHFIMZ LY
IR T CaS OREERENHEFF S, CaS DITHEMEE SN D Z L2 RH L TW5,

% 5 % [Modification of MnS Inclusion by Ca Treatment] TiL. 1873 K B\ THiE Ar PR Ciamt
Fe-0. 96mass%Mn-0. 134mass%S &4 & Ca-Si 4% 30min St S, Ca DIRINEZZE 2, $ETICHH L= EY
OFEFE, VA A, JIRZFHM L. MnS MEHMOSEHEEICHO W THEZIT/R> T\ 5D, TORME, Ca 2L
WIS, Fe-0. 96massMn-0. 134mass%S S4B ClZ. MnS IREH P Cliddt 3, BEE. HmEIPIcAERT s L




EEJIFEHEICE D PHILCRY , AERPO MnS O H S AIEFOREOFER L —H L TWD Z LR L
TW5, £72. Ca DFEINT LY MnS MEHDOPERIE MnS— (Mn, Ca) S—CaS L - 2L L. Ca OEFINE L ORMR
ZHOCL TS, K Ca I TR FIZ (Mn, Ca) S 235K L T S, 15 Ca JBE TiE CaS Bk E N5 &
WO R R L, [mass%Cal/[mass%S]=3. 23[mass¥%Mn]. [mass ppm S]>1000 Ziii7= ¢ F i 72 Ca HANC LV MnS 4
AR B SND Z EE2HSMNILTWS,

% 6 % [Application of Experimental Data for Ca Treatment Process] TiL. Hij# £ T®D CaS Dfff & MnS
DUEEREN D, Ca WIRIZBHD DI ET BB A~DEMEBELTWD, XU T 4 v o/ AVNEROTIIE,
MEOEE L EEEORGFH R P e RNV FXF—ET MIESWTHATE, BEET LV EADLEDH T & T CaS
128D AVOAERNBTFRITE S Z EEREBLTWD, 54 FETHLN Ca LB & CaS OV A XD BEMR
M, BHE S AVOHAZEICE S 7 AVAZHBRER TR OZ 4% 2R L TWD, £ LT, MnS OBELEIZONWT, 5
5 (21T 2 MnS DUE =R IHEM DY A X340 7% E DEEFERD D CaS 24T H S TR WS ESMF2 A L T o,
INHOFEMICHESE B ZAUEHFEMOILRE LMD Z A I 7O TN T Ca BROREH, RINE%
BHTARETHDEERELTWND,

% 7% [Conclusions] TiE, AL THEOLNIZBREERIEL TS,

PLERBET 210, AT, Ca fEHULEIC 51T 2 BIGRI O B8 L M EM O ERSEICE R L. EBRRNOEE
FIBAOEBLEZE R, SIS 5 CaS OEE & MnS S Z -G L, ZOfRERE X 2 XAV
FET N HOTZHER FROFREZIRE T2 & & HIT, MnS EMERIZ BN T Ca OIRIEICIEGFT DY
BEZ I ST L, CaS ZHTH S HAR W72 Ca B2 AH L= O TH - T, 5% D Ca FEFLIEOME T
A ORBEITEIZESDHAE LT, TEEBIOTEEREMT D EZANRKEY, Lo T, RimsUfE+t (I%)
DGR E LT, HoifER S 2 D EBHLND,

i« FRSCEE IR, FISC 2000 T2 & JE3C 300 5% 1 #9527, b L <IERIL 800 554 1 HHEH LT 72E W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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In the ferrous metallurgy industry, metallic Ca is widely used in the refining process for producing
clean steel due to the low solubility in liquid steel and strong affinity for oxygen and sulfur. Adding
calcium to the liquid steel can change the type of Al,03 or MnS inclusions to meet a steel specification
requirement. The CaS inclusion will be generated by adding Ca into the liquid steel phase. The generated
CaS inclusions will accelerate nozzle clogging during the Ca treatment process, decreasing productivity
and steel quality, and increasing the production cost. It is important to clarify the CaS precipitation,
growth, and MnS modification mechanism.

The interaction parameter between calcium and oxygen in liquid iron at 1873 K was experimentally studied
using the chemical equilibrium method between silver—calcium (Ag-Ca) alloy and liquid iron in an argon
flow system or a closed titanium container system to investigate the stability regions of CaS and Ca0
in liquid steel phase. The precipitation behavior of CaS in liquid Fe-S-Ca melts at 1848, 1873, and 1898
K; in Fe-4.6%C-S-Ca melts at 1523 K and 1723 K were investigated by co—existing liquid Ca-Si alloy and
liquid steel in a CaO crucible. The growth rate constant and precipitation activation energy of CaS was
determined using the diffusion—controlled model.

The modification behavior of (Mn, Ca)S inclusions were studied by co—existing liquid Ca-Si alloy and liquid
Fe-Mn-S melts at 1873 K to find the optimal amount of Ca addition.

From the CaS growth rate constant, a SEN clogging prediction model was proposed by combining the fluid
mathematical model and inclusion deposition model.

The findings from the present work will significantly contribute to the steelmaking industry for
protecting Ca refining processes and production lines

% ¢ FRSCERIE. FO3C 2000 52 & 383 300 #EA 1 ERT ORI S0 b L UFBEIC 800 74 1 HHRHI L TS 72 &0y,
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