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Calcium Deoxidation and Aluminium Desulphurization of Liquid
Iron and Liquid Iron Alloy with a Lime Crucible

Tohei OTOTANI,

Synopsis:

Yasuzi KATAURA, and Toru DEGAWA

Using a lime crucible and an induction furnace in vacuum as well as at pressure, 2 study was made to
clarify the deoxidation and the desulphurization processes of liquid iron and iron—base alloys by iron clad

calcium or aluminium alone.

The experimental results are summarized as follows.

(1) Calcium addition to liquid iron in a magnesia or alumina crucible greatly influenced the rate of

deoxidation and the deoxidizing power owing to the reaction of the crucible material with calcium.

(2) The CaO-FeO oxide which was formed for liquid iron in a lime crucible immediately after the
calcium addition seemed to grow and to be separated from the melt with time.

(3) At 1600°C in 1 atm argon, the concentration of calcium dissolved in liquid iron was estimated to

be 0-024 wt pct.
and K'c,=[%Ca] x [%0]=2-16 x 10-5.

The equilibrium constants were calculated as follows.

log Key=log acq-a,=—823

(4) Tt is presumed that the aluminium desulphurization of liquid iron in a lime crucible is caused by
the formation of highly basic reaction product layer such as 3CaO-Al,O; on the surface of the crucible.
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(a) Dimension of iron clad calcium. (mm)
Arrow shows the direction of the addi-
tion to the melt.

(b) Dimension of lime crucible. (mm)
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Fig. 4. Change in oxygen content of liquid iron
for various crucibles after adding 0-5%
calcium.

Table 1. Effect of crucible materials and the
amount of calcium addition on the rate
of deoxidation.

. Ca add. [O] Range of
Crucible (%) 10 sec time (sec) k

MgO 0-5 0-029 10-480 0-06

CaO 0-5 0-030 10-540 0-23

AlLO, 0-5 0-037 10-360 1-06
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Fig. 5. Changes in residual aluminium, calcium
and magnesium of liquid iron for various
crucibles after adding 0-5% calcium.
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Fig. 7. Effect of the amount of calcium addition
on the deoxidation of liquid iron.
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Fig. 12. Change in sulphur content of liquid iron o0l ‘}
in lime crucible after addition of various \\
deoxidizers. A dotted line shows the \\o\ .
effect of aluminium addition in an obul . B S — 3.0
alumina crucible. el 3 > 7 10 30 €0
Time (min)
Cawy %713 Cat S—(Cal) e (9) Fig. 13. Char_)ge‘in ?xygen and sulphur contents
. = o e o of liquid iron in lime crucible after
CﬂbGCX\T L Al ’21,71’573[1 Lizcd Z %ﬁﬁ%‘iﬁﬂ%ﬁﬂ’ﬁﬁ]#%ﬁ’ adding 0.2% aluminium.
Dhve. —RCARRFEBRERCK L Al BRI Bk
VERICBET D058 5 & 72 S As, AL %l Licig I 5, crucible
” = - ) o O 20,
B ALSy & UCHIRIERZ R/t &\ 5 s 5D 1, o20] > ooy > |
F I EH LIIATIT CaO+CaF, 1T T SiMn fias 28%3}“0
TALZRINT S Z L CHMOBZ S Z LR LAY, % oI5k : '
FERD BAEHEET B3 R L7 3R 0 A FELR % 2 W
o - — — 3%
EPMA TH~/ofER, ALS: ¥ - 3BR{bmRAIEm % & I 0o
5 Z LT EAEAOI. F 72 AL O, % AR LT — |
0-2%Al Ziihn Uizt fs 4 Fig. 12 o5 Lichs, o 005
BECEEMII L EBD bR D7,
- . o o ’ o
PBEoZEs CaO HiE&EHA LT Al ifimc X 55 0002y 5 0
PRAER 25 L <MD 70w, Bskoyill [0, 22EE 500 Time (min)
ppm THIHA [S1e % 0°014%, 0-023%, 0°149% i Z5{L, Fig. 14. Change in total aluminium in liquid iron

L3 F v+ —Di2&, £hih Ar 1 §GJEF T 0:2%
Al 2 L7 58 0B & BEEM % B~ Fois
KT b [FRHC sk & o £ 5 EE 5350 S,
10 min £ [O) kxhFh 18, 5, 7ppm iz [S] ik
Tt 30, 20, 50ppm F T L, BEFEEIE 79%,
919, 96% %R LVWFhLIAE TH o7z Fig. 13 135
BEERO—HTHS. ZDBFE[01,=0042%, [S]=
0:023% ek THBHH, Al FIEE X D FERC R
Bewiod A 72 b, 10 min #%ici: [O]=>5ppm,
[S1=20ppm ZCFELVKEEZTRLA. 7k 60 min
BB LTLER, ERIEEAEAELRE .

LD X575 CaO HIFFE 7213 ALO; HHEH M L
AL IR TE D72358, BRZ bz X 5585 [AL] %
HAJeDDs Fig 14 ThdH. WTIhogsdbidsgkhics
TR E LTD Al i3 20ppm LI FCHo7205,

containing various initial sulphur content
after adding 0-29% aluminium.

0°2% Al FINEHO [AL] 1ISIE 0°015% #Fiigd s b
PIBE R EIC RE D Al B 0°05% HSEERic 5EE X
NIcZ Liind. ¥7o ALO; HIRERDEE, Bss
i X3 [All OZHLIXE E A ERD LR D0
BL, CaO HHBOBE, ¥ [S1 OB VESE L Al
TIMEE OFEREZE LIz VT [Al) OBRLHEEECH o
oo ERRRZNEI X B [Cal 2T/, wWFh
DFELBIL I NI, 10ppm BLTC CaO Hifgs
CORAZREDD Z EIXTEELD. WICHW (S,
=0"14% % &SRO Al I X B ERCEHE L 7~
CaO HHAEEX » iBsk L B L A ETARS O T A D2 5
WL, HRXREE A D75 DFHT 55 % Photo. 4
R L7c. Photo. 4(a) i3skfiifi CaO HHEEEX b
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Photo. 4. X-ray diffraction patterns of reacted layers of the lime crucible.

D4c, Ca(OH), A MHixhrz. ki CaO @
T Hx &z AR oD CaO Fkh RO
KA BN Licfed & F 2 bbb, ZHUC R L, Photo.
4(b) s HBH B 7 X S HEOHHREEC 1 Ca(OH),
Ly CaO, 3Ca0-Al,O, %7 CaS O AR
NLHICES. FAHIBRERREEHSICRT D Al 25K
L3 DL HTEE I C & SRAF A DA, Al=0"005%, S=
0:017% THhoth, HAHOHIBEETERS X Cimbis
Sy fFRET Al=2-6~28%, S=15~1'9% KZh%
NELLT WS Z EMHBELE. ThHDHEELD Al
AT X B2 L WIREEERE, CaO HiEEmOBRS
LT b EPNTER LD & DT

1. & 23

4.1 Ca OFVERAYE

2T Ca &ML SERCHH I/ Ca D
S B, FofEx Ca OFWMEHAE Feo L LT
KOXHSTEETD.

Fca=([Calw/[Cals) x 100 s (10)
[Cal,: #gkiC KT % Ca iz (wt%)
[Calw : BB WU S2OETEH LI Cad
BEkiox T 558 (Wit%)

#(10)T [Caly ZRELLTNEE SV, Ca O
GEeR L D RRDOZLLRETS.

Table 2. Contents of oxygen and calcium in molten
iron after the addition of 0-59% calcium,

Time after the Ca addition
Element | Initial
IOsec‘] min| 3 min|5 min| 10 min
[O] 0-045 | 0-030| 0-025| 0-016{ 0-010] 0-0039
[Ca] — 0-015 0-014| 0-009| 0-005{<0-001
[Calw=[Calw)+ [Calwpy e (11)

[Calw ) : Ca FRINFIW O #hERh R X % JjiEg & 1 min
¥ CORERE, Z EiEgdDh o Ca EOWSNAED
N WESETH DD, O+~ T CaO & LTk
ENLDOELELTHROENDHETHD.

[Calwi : Ca #fhn 1 min D% [O] BERITET D

= COREE, CaO-FeO e LTHRI~D5EE

BRCHDEHF AN ;OT, ELIZOBETO Ca

ORFIERALT CaDWAE LV RBOILETD

5.

DD X SicEH LA Foa % 0°5% Ca IANLIAIE
BOBHICDOWTRDTCHSL. DA, MRELICX
% [O] & [Ca] OZE{bix Table 2 Wi LiceEhT
5. XAH XD

[Calw—= (WINEESRE — Ca v | min ZOMERE)

X 40/16
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=(0-045—0°025) x40/16=16=0-05

[Calwiy=0-014—0-001=0-013

[Calw =0-063(%)
Lo TR0 X B, Fgo=(0-063/0'5) x 100=-12'6
(%) LEFISLRSB. 0:29%Ca %N LIciagkois,
IR UC Foy RDTHB L, Fca=20'3% L1 5.
Thbb Ca FMED Sicuvs FH) B X v, = oC
0:5% Ca [ifED54E, Ca fFihn | min BI#E X 9 10 min
EToD [Ca]l @ BAP L [O] DB XY RIS L
TNEMDOFHMUREHE LTh. i LB Ees
TARC CaO & LCESRAEFEETS &, (0°025—
0-0039) x40/16=0-0525(%) o> Ca DR A I Bivicly
NiE7e bigv. LB ERE, 0°014—0-001=0-013
(%) D Ca OIS DTEHEEROWLD 5B CaO & L
T DI (0°013/0:0525) x 100=24-8(%) R+ &
IMWEFEZLND. ZDT LRI~ EE U BEEsE %
WMOIMIKE, T LT 25%Ca0—75%FeO BED D
ThotLiEEEhD. ZoOffik 3.3 Tik~7= EPMA
X DNEWMIKDO ST L IEAL LT 5.
4-2 Ca [CXEZBHBOBRRBAE

gk, NI RB X0 Cr RBASES L ED Ca 1 k
HRERE BT DVWTlX, Fig. 7, 8, 9ie R LA X Sic s
THHFR—HERKETC bbb b FBIBOBEIC k-
THPTEELWENRD LN 2 TEF Ca O
hnie & 25 b U7 1A 8RIT 351 B IR ZE(L & 3550 [Cal DR
RIZDWTRUADA Fig. 15 ¢ 5. [Ca] OZH{L L
Dbowrs T &iE, Ca RINBEEOHBBIEBESTEIC X5
Cawmy—>Ca OREIX, Ca DI RGO WA
LT 10sec ETRETLTWAEEZLNRDIC D
b5, BE [Cal 1 1min BEXCIZEALSK
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Fig. 15. Change in calcium content of liquid iron
after adding various amounts of calcium.
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Fig. 16. Change in calcium content of liquid iron
and liquidiron alloys after adding 0-59
calcium. ’
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Fig. 17. Schematic representation of the calcium
deoxidation process of liquid iron and
liquid iron alloys.

BB LRI, T RRAERE Fig. 16 K5 L
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I min Bipgic [Ca] Dy KEHE S, 10min Bz
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CTICl D KRR RIS T B X S, s Cr
EELX 5T LETET T 5HASED SR, Ni &
ik CregR T 5L L5 Ca OEMREDOHESYE
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Fig. 18. Schematic illustration of the calcium deoxidation process corresponding to Fig. 17.

213 Ca HINEHZO BEEMETOL T T T5 OTIHK
<, BMEOBRT 1 min BERMOLAL,HDARE
KEDOTHfkBELTWB EEXLNRS.

—7, EBREB I IREREOLLE, AT
ek T 3 ERPE, Ni BTi 4 EkRE, Cr BT 2 Befgic
SIEENAZ LEAE LiclkDTH5H, Ihbzm
Fig. 17, Fig. 18 CBEEHL LBEXREIC DWW THRET L7
: Z DERREYE Ca #ihntg 10sec E COLLEL S
BThy, Ca fubloMBRIHIRCIZRETDHS.
Ca ZIAPICIRINT % EBIRE D Canfhm X D Ewvic

Stage |

Wiz Ca AR AL L Ca il & s 2> CiEBHE LA
T5. ZOBRTELZLNDBRIGIKRDERDTHS.
® Camp+0—-Ca0 CZOFGIETRIBFETEID,
i E A v ST A7 L C RN BR B E RS,
® Ca GBSy 2ER
® Campn—Ca @ €Ca+0—Ca0
@13 Ca KLADIEHP~DEHETH Y, @OILIEH L7Ca
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Fig. 19. Deoxidation degree expressed by boiling
effect (fge) for initial 10seconds after
adding various amounts of calcium. fgg
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FEL, OQOIBHEETC X O>THEILLEAENELTHS
5L, OX@DOETIC L D >THIBEFES L, TOR
JCHAEBCHEERBET 3%, 24 OB THED
RICT HHE T % IHEEE fo-e (B-E : Boiling Effect) %=
(1) & kb L,

SBE=([Oo—[O11071) /[OJp----wmrrereerveees (12)

[O1, : PHBEEEE (Wi%%) [Oly,r: Ca shn 10sec

BOBER (Wt%)

BERIC BT 5 Caifnix & OBfR% koL 2 5, Fig.
1IN R L7 X 5 e tBBIBAR DT 5 2 & 2SO,
F MR Fig. 20 vk Ni 2 Cr 2 &880 DT
0'5%Ca ifhnic X 3 [Ca]l DKL foe LD
BAfRZ TR Lic. BLE»SEsRics LTk Caifingo%
WIRE, F CaDBED/NS v Fe-Cr g7 E58
PhIEZH R X DB fBE WAE VT EAVHBE L.
Cr ZORBRE T Z 0 Stage | O@RITKET 525,
Ni FZDI5EELR IR BB T3k w2 &A% Fig. 17
XOVHLIHTHD.

Stage l ~a : Z DEXIEIIERIC Ni RIFIEICHY T 5 25,
Ca DIEAE ERBEERRMORIN DS BiMHTE LT T
LBBEEXD.

® Cawmy—Ca HEFih D Cald@filn FmcZE LCTunin v
WX, BERMCHFENBIEENS CaZRBr bidgkE
E%8 CToEfE

@ Camp+0—-»CaO FHKERMTEZ HHEBRE

® €Ca+0—-CaO M Ca DRREERIG

@ Ca—Caq)y B Ca DR
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Fig. 20. Relation between the boiling effect (fag)
and the maximum residual calcium content
of liquid iron and liquid iron alloys.

©® REELERMORNNDOHEEL EDE 2 BN D.
Stage I -b : Z DEXRE—KIERAE R T B CaO %
NEMDORINNDHHBIETH S,

® Stagel @, Stagel-a D@ THK S =CaO
RO 5

@ At Ca O#kSE

Stagell : Z DEXIETIIRIEEASHT L, BEFET S Cas
L E DL VCEBE L TR LARTHS. TR
PR FEET 5 % CTORFMIELL bk ~<7z Stage I ~ 1 ¥
DERICERTF T 55, ERFERTIR CaniffEDO KX
W Fe-Ni SRCIEL, BRFES/NE v Fe-Cr R Ti#
WEDSTHSD. LA O>TEHAMIIE NI R
5 CaifRDOEE, WMNEZEOREREMEEL T2 L,
Cr RIBHOBEEL TH5Z L2 FEESEE Hoie+
5 ELTCEETHLEERD.
43 Ca BEOEHEHIC DT

—fKiC &8 Ca ZIBFGBADHEA I AV 54, Cao
RAUENL GG, T CaDEREEIEHDTK
v L2 THESKPbh o CaO BEficpish, 5
BREEOHEHLINDEEETIE, HFE Caldriky
BELBAOLTVWD EEZONS. BEDLZS Ca &
O L DEFHEHIT OVWTIE Ca, O OIEMAEEPET
ELHEMBRVICDERBTRKDBZ LIITER V. L
Lad OEEROGEOREKOBEERE, Ca it
BT EREDTHELNI-XORESTD Ca EEMHLT
LDODETHDHEZEATHDIETTD. KoHifizs
S TH S, [Cal, [O] ILESHICIAR LA CHE
15 LHET. ZOREORIEIIR (13) 25 FEIREEIC %
[Ca]+ [O]=(CaO) - rrrrevrmeeneimeninannnn, (13)
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L7z E&BEkT 5. 3.7 @ Fig. 11 5 38min 21T
1 [O]=0-0012%, [Ca]l=0'0018% TdHDr. R
(13) DFMTH L Kca ZRDTHD &,
log Kca=tog[%Call[%0O] + log fca+log fo T
RbEIhsd.
log fea=e2[%0] +e&> [%Ca] --veeeee (14)
2T e [%Cal=0 L{RETS. Fi-
log fo=¢"[%0] +¢5°> [%Cal ------e----- (15)
fi Bk | OFERREL e WAL AT BRSO
MEVERADRETH S, FIROMREDIC X D, &=—
0-17 at 1600°C, /MAK SV L b ef™= —535, Q= —
1330, X (13), (14) X O* (15) wEixfEs A7
i,
log Kca=logtic, -a@y=—823(1 600°C), Kcy=5"9%
10-2 #18%.
44 BRFPEAICDNT
KEBRDITEL, Ar IGETFTTCHRFLAEEER
ekt LT Al IR X 3 RSk O & S x
Hhs. Fige 14 oL LR D CaO g2
LzBa, WIS E (Sl o@v ez SRRZ1 LI
XY [All O TRODBEETH Y, HiREDCa0
LRI L7z Al M SO TRRKIGICEHES Lol &
MHERIX NS, ZOEEERY (Cal FadElIhian»
Dl L b, BETOBERTIRI S X 57 CaO o Al
WX BEGRITG, Tisbb,
6(Ca0) 4 2A1-3Ca + (3Ca0-ALO,) -+ (16)
F(16) TEH Ui Ca BRBHIERAE RAT L@F XL
Vo — SN D, fE LHNBEEREIIC ST DAL
2SS 0E(L, FrXBaEFofEE» S 3Ca0-AlLO; <
CaS OHFLENFER I iz T &0 X 2T CaO HHAREH I
LS LTWb Z ERHELATHS. Fio CaO it
2 ALO; HIBT Al OIFRMERK TR >258E, Aln
IMEOBEEER R L5, ALO, HHROSEL
RIF L U7z ALO; MG EEik i 78 5 BRI H bl
CaO HfOHEAERK ALOs OBREHAEILEAD LT,
REFRREEII LD TESRRKRETH . Thb
DEEI VAERICA SN REERBFCRILSEFELL
BightERBIE, Al Bt CaO HHRAERIAIZE L7z AlOs
A5, {ERELED 3Ca0-ALO; R{LEWE LTEEEMED
IRBRAE 2B T % KRG  fE & HiREER T Rk L7c
T RET IO TRV EHESINSILEDK.
4.5 BiFARCDONT
—fFiC A T & -2 Z VRO B EG, BFEEE KA T
FhbEINTWwb.
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Fig. 21. Relation between log [S],/[S] and holding
time after adding 0°29 aluminium.
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[S]: BekROWME, (S) : 27 SHOWE, kn: 4

RV A 5 TADORBOBENRE, ks AT T >x 40
~DRBOBIHRE, AREBROES, RPN LAT VT
LRV X, RISOPICEVTAS S -4 Zov
~ADSOBENDIEYW|IBT 5 &,

—d[S]/dt=Fky[S] e (19)
TELIN, TheicELTHITD L,

10g (S To/LS 1) =kmt wervermmmreeeeemmiaesenin: (20)
L7 h. ZOX TR IGITEE RO S OHIRS i~
OBER X CHHIBRT COLSEEEBERE L D HE—
R TERbEIN, [S1/[S1EKDTHHES 7 7K
TFT 5 LEMBBHRISKILT DT THDH. W [S1e &
i L EBERC 2WTEHE Lo Fig. 21 THh
%, ZORTEROEE | min §iETHEE LD, EHR
BEBE LR 0. Thit Bl FEARED, AR
BT BB IGCOEGRERS Lo TR S
NxBDH. ThbbIEKRLW OMET 1AL D T&
<, BEPDSBENEKOETC LB D>TELTD
DT, CaO HPRB T BRIGERMERRBHD S
BELELTSZENELLND. Lich D THREEANIH
AR L7 ALOy DIHREEA~ D75 & RIRFITIRBTIC 24 22
75 3Ca0-ALO; REIGEBOME & RFEIC & bis 5 ]G
AR RB L TOS OBENEE CHERASEST L7728
TR EHEINS.
4.6 BRBRERECHIFS (0] & [S]1 OBERK

BEP OB TR LR &3 & b CE B

BT 5 LHEESIRAZOT, ZOBRZHET TS
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Fig. 22, Relation between the desulphurization and
the deoxidation of liquid iron and liquid
iron alloys after adding 0-29% aluminium.
Dotted line: Isochronal line of 1 min after
aluminium addition, 10': 10 min after
aluminium addition.
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#edL b Ca DIAMEOKE Vv Fe-Ni FTIX 4 RIS, 15
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=[%Cal[%0]1=2"16x10-%, I X OFfHf s & LT
Kca=5"9X10-° R E SN 7.

(5) CaO #HBiz X5k L Al M TH LR
Fo IR AR IR FRVEA Vi, CaO #iEEic 3Ca0-ALO;
TEEREEMORIGERDENEREINDZ LT LS
LD EES NI COBORBERIGIZBS&POBER
CHEELBRER L, [O] 2% 10-29 LIT T REEHET
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