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Dephosphorization of Molten Iron by Addition of Calcium under
Low Argon Gas Pressure

Takaji KUsAKAWA, Manabu OHORY, Koichi KONDO, and Keiji YOSHIOKA

Synopsis :

This work was carried out to give scientific support to the dephosphorization of molten iron by metal—
lic calcium. Metallic calcium was added onto molten iron under argon atmosphere the pressure of
which is kept higher than that of calcium vapour at experimental temperature of 1 600°C to retain liquid
calcium on the meniscus. Calcium-oxide was selected as the crucible material. The experimental results
showed that the yield of the added calcium was markedly increased as the argon gas pressure was
increased since the rate of vapourization of the liquid calcium into gaseous phase depends on the applied
pressure of argon gas. With the sequential addition of calcium at one minute intervals for ten minutes
under a argon gas pressure of 8 atmosphere, molten iron was continuously dephosphorized, resulting in
0.0010 wt%P for a low initial phosphorus concentration of 0.0018 wt%. X-ray micro analysis revealed
that calcium metal layer existed on top of solidified specimens. This layer can be considered to be the
liquid calcium which existed at a higher temperature than the boiling point of calcium under atmospheric
pressure. Hydrogen—phosphide(PH;) was detected in the gaseous mixture obtained by treating the
calcium layer with water, so that the dephosphorization products are concluded to be calcium—phosphide
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Table 1. Chemical composition of base metals.
(Wt %)
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Fig. 1 Scheme of experimental apparatus.
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Fig. 2. Relation between concentration of oxygen
and phosphorus in molten iron which is in equi—
librium with solid CaO.
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Fig. 3. Changes in concentrations (P, Ca and O)
in molten iron with time in the case of no calcium
addition.
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Fig. 4. Changes in concentrations (P, Ga and O)
with time for different pressures of argon gas.
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Fig. 5. Changes in concentrations (P, Ca and O)
with time for different amounts of added calcium.

LICEWRERXB T 54, 1.0g #winci 0.5g ¥in
OFEIETHRIN Loz E O ik 7ev. SRt F B <
ANy AT L DTERLINEY, To& ¥ CaO 7
EDEE LR, B LEE LYy s OESRE
Fladd 8icicdd, HH I v v ARHENEL
DT te DI, BOEANDRBRHAIR LD EE L BA
5.

0.2 g FINDHEEL 8atm THE LTV+5 O THMET
RET ALY ARHEATBE IS b QOGRS
WD T CICERBE LT LEVEBE UM ERT Lich
DICH, T DRDTERBRBEEN NSty 1.2atm
T 0.5g GFmMoEE LREE, (1)RORIEHE~EL
EhALTWA,

Ty s 0.5g BTt 0.2 g ¥Rhn &g o
R Imin PETREHIA SR THS0HME 8 X
iz 1.0g Hmc s WT L0 ADRE S i, 0.5
EHMMMETEALERLL, DAV y aBECRIELT
WA, FRngg lmin LIz, 0.5g wbn, 1.0g ¥
MOELLDHEIHEI ARRERLTVBH, Zhud
Fig. 4 © 3atm, 8atm D& LA, HL v v A
BRI L BHI ALYy AWHOMER LOBRAN LD A
Ny ADEFREA[ELTCEL B ENTES,

P EofER» b, Bt b 5RBEDLEMMLTH,
KECIHRMBHRIZE SR & dbonore,

33 AnionEESGIMLILES

THAT S HAMEDYREPRE N EN T TOE
BTHLIM Dt Fih, AAvy aWERD ZEE
HECRFEIND LEL LN AT F + — C DEBIC R
T Y APBZEIhi. L L, b A% 20~30% ©
»Y, EOERRHEA VYT AEBERE LA D2
B onWTHRET A 0LEND S, £ ¢ Fig. 5 R
NHLHSET AT vHA Batm FTHA VY 6% 0.5¢g
PEGIMLUTW55E, HNEH 1min FHE ORI
DADHETLTWABEECHFBL, lmin JLRABE
DAN YT AEYTHEMTHER Y AR L TITh 3
DT D & E L BEERTTO%.

Fig. 6 Iz, 7o =zvHA 8atm FTTHAvw L 0.8
g % lmin Tk 10 [@, &5 8g HFEMLIBHED
DA, BE, vy ABREORRELERLE. HL
Y ARERREIN LGOS S Imin 3¢ 0.018
wtZp WEL, BEREER 0ppm FTETFTL, B A
LT L, D AEER, 0.04l wit% » 5 0.014 wty ~
BALLTWB, ZDXBK, 7TATVYHANETFTTH A
VY AEBEGHEMT A EC I DT H Y AR
I 9 A0SR T 5 Z LB & Dt

— 44 —



TATYHFAMETIEE TSI AFEMEXDIEE%ROMY A

1908

005 - T - 010
AR
0.8gCax10
0.04] : 008
. Ar: 8atm| -
\ . Ca0 crucible
P
003 0.06
0\

002

[=}
(=]
N
Oxygen concentration (wt%)

0-01

Phosphorus and Calcium concentrations (wt%s)
o
o
N

0 5 10
Time (min)
Fig. 6. Changes in concentrations during the se—
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+ # I A 2N}
0051~ 0.5gCaxi0
— Ar: Batm!
E Cao crucible
= 0.04
c
o
o 10.=151 ppm
£ 0030
Q
C
o
(o]
3 002
2 |
g- 10.=890ppm
a o0
00 5 10

Time (min)

Fig. 7. Changes in phosphorus concentration in
molten iron with time, in the cases of two different
initial levels of oxygen concentration. (I. O.=
initial oxygen concentration)
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Fig. 8. Changes in phosphorus concentration in
molten iron with time, in the cases of five different
initial phosphorus concentration levels.
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i) S.E.L+P-ka line ii) Ca-ka i) Feka iv) O-ka
Photo. 1. Secondary electron image with P—ka X-ray line and X-ray images (Ca—ke,
Fe—ka and. O-ka) of calcium layer on the specimen.
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Fig. 10. Relation between concentration of oxygen
and phosphorus in molten iron which is in equi—
librium with solid CaQ, and experimental results.
(I.O.=initial oxygen concentration)
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Fig. 11. Theory of dephosphorization proposed

by OnoTtanI et al.
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B HERT L, BEEE Vv ATHIE D AT LT
B EeEMNGY, KEBROB D ARILY Adbh v
v ADERKRIGEEZEL BRD. DALYy At
CaP &, CaP, o= fEH 54, BRTIE CaP, 0z
SMEETHHDOTHD AERDIL CasP, TH 5 5.
¥z, XMA TBEIhich v vy ABO—5% KAl
HLTELRC AR F R I b /537 40— X DA
TELlck A Fig. 12 R THEXBOh, HEL M
CHRABRRET 4 A7 4 vHA (PHy) &5 X T W
B. 2@ PHy 13hrvy aFBhicfEfE Lz CaPy 23
KERRL, RERTRGILIOTRELL D EEL
bhb.

CagP,y+ 3H,0—-53Ca0 + 2PHy - cvvcvnennennen. (9)
Licy D TARER OB » Atz (10), AR IDOTHH
HEhB.

Ca(l)=Ca «corrrerrrermmmmiminniaeieeneiaaniias (10)

{3@2=E_=Caspz( §) srerrenrienniie (1)

TIT, BEgLETH Yy AHIFE T B O T,
(AKX BB A, Tichbaryy slEHEE
BRI O 0 ADHEHIC L OTH Y AREVRE SRS
XO5RBOARIEVELBZ LDELBNRBD, A%

P (dissolved in Ca liquid) = P (in molten iron)

CERTEH L 7 AR < DB L, MR
DEKBEEICE WTHIFHCHLTIrDH Loy AR
BOTwWBImT E3 (Photo. 1), L2y Aizda=e
PEFTLTOAHEILLERLT, ZORIENEERDOR
DAZHBLTWB EEEZRL L,

4.2.2 A4

ANy AEGRRMOSE, Fig. 6 @WiRIh 5
XHREMETRCIL(AORTHbbEINRBHI L VY &
DB DE BT EREHCE LTS, Fofafn

T
DOP I I
column temp. : 60°C
<airpeak | current : 70mA —
P carrier gas :He
| |
% Ca3F503H20=3Ca0~2 PH3_
2 PH, peak
o ¥
. IV I S
in
-10 o} 10 20 30 40 50
Time (min)
Fig. 12. Gas chromatographic examination result

of gaseous mixture produced by treating the so—
lidified specimen with water.

Anvyad, BFE CTE DA EOBICEESEIZL
TWBHEIL, Bl L & 5 R A RBRIEE A TIld oy v
vy ARREOEIER LT I\ OTEHE HET 5
&, ARBOFOBHE (F)IKRDEEDS LT T
X 5WEHITE B,
HE1 Ca(l) #it CaP, OBEMES b fofols
RE2 CaO k CaP, [ THICEHEE L
ZE 3 CaS & CagPy ITH\ICEM L
o 4% (C)=9[Ca(l), CaS, CayP,, CaO, Ca,
P, O, S, Fel
o MDE (¢)=5[Ca(l) #, gk, CaO #j
CaS #f, Ca;P, #1]
o SIS DE () =4[(4), (10), (11),
(13)]
@+_S__=Ca$( s )
F=C-nrN+1-¢
=(9—4)+1-5
=1
LichH 2T EREDEEDS L CTHHEEIR L Thh, RE
BRETHIELFES R E B,
4:2.3 HHEEABIMRE 8° B XU b DI
10), (AD)KOFEHFECELTEY, KHE 1, 2
3PRUTAHbDLETE. (I)ROFH#EEREH =5V
F— 4G X, Iy AOBBRIGO (10)K04G 5,
NELERRMEL LTRDORTWIWDTRDS Z &
BTERV. Xz T+ D) X b (DK xB 5.

L)

3Ca( 1)+ 2P =CagPy(5) -reerrvreeeivrnnans (14)
¢ P. C. GHosH, and E. G, Hess\9iZ L % L
3Ca(s)+P(g)=CagPy(s) -eoerrrreeenn. (15)
4G%s =~—142800+22.57(298~1 123K) (cal)
.............................. (16)
F¥- O. KUBASCHEWSKI et al'®. 57 — x8 X b
Ca(s)=Ca(l) -oorrmrommmramrmeeeineeeanns (17)
A4G2 =2230—2.07 (cal) weorerereemenene (18)
W, BT X5 & D ABEREEE T
BPo(g) =P crrrrrrreriiniirieniniie e (19)
4G = —382004+1.4T (cal)--rmoeremone (20)

(18), (20) X by 4G5 %RD>BEL
4GS =4G3, —34G% —24G3,
= —73080425.7T (cal)
4G°=—-2.303RTlogK & XU'2)K kb, 1600°C ©

L,
logK,,=—4G%, /2.303RT=2.91

RE 1, 2, 3 X9 acap,=1, ¥4 J. J. DEBARBAD-

— 48



4

TATYFAMETINEI DAY ARMICE 3IEHEORD A 1913

2000— - <
[ \ L
1800|  / N
/ L] b4 LZ \\
1600| ! :

L N
24400 S + L2 Y
et N
21200 T o+l ‘.
g v
a -
§1ooo

G+ Ly
800
a + Ca
600
400
0 01 02 03 04 63 02 01 O

Calcium (wt%) Iron (wi%)

TFig. 13. Tentative iron-calcium binary diagram es—
timated by J. J. de Barbadillo. Construction based
on work of Sponsellor and Flinn.

ILLOM 3 SPONSELLOR and FLINNI® D 5 — 2 s HEEHE L
Tefk-m vy AROZTLRIRAER Fig. 13 X s,
BN T A EAEBB LIS D T, acan=1
ERITA. Lo,
log K,4=1log (aca,r,/a%cayar) = —2 log ap-(23)

(22), (23)x»

log ap=—1.46 eorvvmieieiin,
T

log ap=log f»[%P ]

=er[%P1+e2[% O] +ei"[%Cal+ef[% S ]

+er[%N1+e8' [%Si]+ log[% P «-veeee (25)

e£=0.054 ¢8=—-0.288 £$=0.042
[e§=0.094 e21=0.105 :l

BIFFHCEL TV EELDREF +— P D F —%
P =0.001 wt%, O =0.0025wt%, Ca=0.0235 wt9,
S =0.0001 wt%, N =0.0008 wt%, Si=0.05 wt%# L=¢
DEMELIEHBIRE & 3kic 25) R RA LCEHET 5 &

log ap=4.66% 10-3+0.0235 8 —3-.. ... (26)
(24) (26) X 1

0.0235¢8*=1.53

e8® =65

LAdSDT, ebo=(Mca/Mp)e§® + (1/230) (Mp—Mcy) /
Mp Xb

e (24)

et , =84 ‘
LB, REL, 2, 3lT57—23B{/BEEATIR
FEAEB LR, LD TRESBILE T aca,p,
<1 oz
eS* <65, ef,< 84
ERB T EEEBLURTIIER B

5. #&
APREL D RO Z LRI NG,

i

) 7aogvyx8atm, HaAv7B00E, Ay A
0.5wt% EREFEME 5 EHET CRBLT Ok & £,
WROFETRBEIN I Dlch Ly AFENC X 5
B o A Ihi.

2) 7A=zvHA Batm FT 0.5wt Dh v A
% lmin Tz 10 @RS % EBR Tk, BEgEOB v
AR LT Thh, WD ABEIME- 0.018 wty
DAL 0.0010 wt TR o A TE -,

3) VWBFRELLLXT7 A=z H A 8atm FT¢0.5
Wt% DAy A% lmin L 10 @I L £
TH, TOBRY AHBRCIZOE D & LicEWITRL, @
HBFRERIAREROB ) ARGCIIBER LW EEL S
5.

1) AEOWRLEORETT Ao vINEDO DI
LAYy MRBEEL DB D V7 ABREERE
AR LECXB~ 1707 51— X oTHEETS -
LT EI. »

5) BERBEOI» LYy ABYKNELCEGR
HABRKTAZw= 757 4 —CRELILE & 5 PH,
EBMTELDOTHY ALY CaPy, THBEEL
bhsb.
| bbb, ARREZETT DI CTHBEBI 7272
WICRRREAFEETRHAES, SFRT, BEMEA
BV G AR, HAE, JIIHHFERCHELYE
LEg.

&R, FMRIEEFEAREBRYSE X 2HET
BB ERMTRTS.
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