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Formation Behavior of Phosphorous Compounds at the Interface between Solid 2Ca0O - SiO,
and FeO,-Ca0-Si0,-P,0; Slag at 1673K

Xiao YANG, Hiroyuki MATSUURA and Fumitaka TSUKIHASHI

Synopsis : The role of 2Ca0-SiO, phase on the formation of P,0; condensed phase should be clarified to elucidate the microscopic dephosphorization
mechanisms and to improve the hot metal dephosphorization efficiency by using CaO-based FeO,-CaO-Si0,~P,05 multi phase flux. In the
present study, solid 2Ca0-SiO, piece was reacted with molten FeO,—CaO-SiO,—P,0; slag for 1 to 60's at 1673K, and the reaction interface
between solid 2Ca0 - SiO, and molten FeO,—CaO-SiO,~P,0; slag was observed and analyzed by SEM and EDS.

The dissolution of 2Ca0 - Si0, into the molten slag and the penetration of molten slag into solid 2Ca0- SiO, simultaneously occurred. The
2Ca0-8i0,-3Ca0 - P,O, was formed from solid 2Ca0- Si0, and P,Oj in the slag. On the other hand, during the penetration of slag, the P,Os
in the slag reacted with 2Ca0-SiO, to form 2CaO - SiO,~3Ca0 - P,0O; phase. The P,0; content of 2Ca0 - $i0,-3Ca0 - P,0; phase existing in
solid 2Ca0 - Si0, region was lower than that observed at the 2Ca0 - SiO, saturated liquid phase region because of the lower P,Os content of
penetrating slag than that of 2CaO - 8i0, saturated liquid slag. The 2CaO- SiO, saturated liquid slag region and the region where P,O; con-
densed phase was observed at the interface expanded with time.

Key words : multi phase flux; hot metal dephosphorization; dicalcium silicate; P,O;; interface; reaction mechanism.

e S TIIRIZ 2Ca0 - SIO MM T 5 Z & A3 5 #0122
TH D", ZD2Ca0-SiO,DBIZAH T/ T v o &il->T
BHHEODATO X AT, BT+ AT x4 bFyI8y B2 T 723 CaOKRMIZIRET 5 Z & TCaO DIEMRH i

TA—EATIEEMZ T B HEHTH D, WH CaO % TT5&EZ16N%, Lo T, ‘/ﬁéﬁ‘hﬂﬂb/w =
TR ETBT7 T 97 ZABHNER TS, BRSO CaO B % CaODHRE M % (M 5 72 81213 CaO Hif I
BEEIGERETHEIERCa0 & LT T iz fF LT DAZEEIZE K i#cm%ﬁ@zcm-sloz@w LB 5 2
W3, ZD7=8, CaODBLY ASIBIEIIEL , 27 7% TR ERH S,

EBOBMR 2 52704 7 VEOFRE LS| 2k 2 35 AITRO TiE, 1573K X OF 1673K Tl £ Ca0 & FeO ~CaO-

K&soTnd, {6k, CaORT 7 v o ZDUEM LS Si0,-P,0; 2 7 7 & RIS & &, Z DRISF '“io‘bi“CJT’}ij
B 72912 CaF, BIRM E T 7248, @ﬁﬂ’%’a@x FIN6 X N7z 2Ca0- Si0, D — B PO 2L U 72 M 23 B 52 &

BT 57 o BABREER A F R LEBRICEF T 7o FH 5 R CaO VAR 2 T 2 RO R wtéiﬁk
5729, Iﬁi“aﬂﬂi7 a Jcﬂ%;k@?é%ﬁir 5 Can@fﬁﬁJ MO EAERE IS DWW TEIJZWIZIH S 22 L 7299
FHBR XT3, B E 5 5 58802 5 7P EOH| 2Ca0 - Si0, fHH1 TD P,0, & H M DI BAEME 2 72 AH 2
WAk o THD, co)mf) IR T HIZ AT B [k NE L, TORT TRy, PETky, 842 5 s

CaO % E HIZHMICHERT 2 BEYH 5, TP,05132Ca0-SiOMHICIRIL L T 3 Z & 3 % S| &
WA 7 7~ ORR CaO DERZEHIZEAL TINET T B, PHEE 5% I K OTAR &' IR SHALBIRIE 12
IEZ L O ERPME TN Ty B, Schlitt 513 FeO ~CaO- V3T 2Ca0-Si0, & FeO,~Ca0-Si0, P,0; A 7 ' RD D A D

Si0, A 7 7 W D FeO IR O BN K - T CaO B HHEE » Sl Ay B & Ml L 7z, Inoue 5% 13 2Ca0- Si0, fIFI 2 7 2>
FLSKREL LD I EAMEL TS, 72, BREREIR 5 2Ca0-SiO N T ND PO, DB EITE L, 1§ %
CaF,, CaCl,, ALO;, B,O, % & D FIIA? R CaO R F 1891 Ca0-Si0,-P,0; [EfHA3 5s INIZIER§ % Z & &2 8RiG L T
Ko TET S, 51T, CaORTFHRBMTHEXIZZD %, HEELWORIHOMFIZHNTE, 2Ca0-Sio, il I

VB 2067 H7HSZ G FRG204-8 H 20 HAZH (Received on July 7, 2008; Accepted on Aug. 20, 2008)
*  HURURZERZFEBEHT A R = Je BV B SR 29X (Department of Advanced Materials Science, Graduate School of Frontier Sciences, The University of Tokyo, 5-1-5
Kashiwanoha Kashiwa 277-8561)

82



X U‘iliﬁ&ﬂ]@ FeO,~Ca0-Si0,-P,0, % 7 7" & 2Ca0-SiO, &
RIS X 8 72 #5412 PO, A3 2Ca0 - Si0, FHIZR{L LT, CaO-
Myg@lﬁ@/Jnﬁ~/54I@@O&@Ppgﬁ
HRT BT EEHENIL T,

[ & 2Ca0- Si0, & VAR 2 5 &7 1 PO, & D KIGHERE % FH
SEMITBRILE, YAF T2 —RAT T 9T AETERLE
MDA?D&Z 1Z81) % 2Ca0 - Si0, DB % E BT 5 7=

WEBETH S, AETIE, REICHT 5 P,0,OMW
m%&%%b# 295728, [EfE2Ca0-Si0, % 1673K T
Rl FeO ~Ca0O-Si0,~P,0, A 5 & & i € ¥, SEM/EDS TJ¥
TR & BlER, B KO T & N B SO & 58
L7z, BEERED, PO,DOWRMLEER) & A L TR
EWET L7, FBEOBY AT v 2B W TRBIRIZIBE &
1% 2Ca0-Sio, &y AT L OBKRE KU EIK
2Ca0 - SiO, DO EHIZ & % CaO B IE DR D8 s &
@%bhﬁmfmhx%Mam~ﬁﬁﬁ%tmmgﬁﬁﬁ
D—D L UL TRMAET - 72,

2. EBFE

AR %2 Tk 1673K 12 1> T FeO,~Ca0-Si0,-P,0, & X 7
2 L8R 2Ca0 - Si0, & SR T TRIG S, RIS E
% SEM/EDS THMHT L 7=, AWf7ETiE2Ca0-Si0,~ 2 7 7' F
MTOPOFHAFALET 5728, 27 7#HEKELT
2Ca0- SiO, F MM 2 BIRL 72, D AT B X2
BT 5 PO, IRMEFE) & BAE T 5 729 121%, 2Ca0-Si0,- A
5 7 RE I 3 KIET R 5 7 OIEEE R FeO IBIE D
EFHOPICTHRERHD, TNEOHEBIZ OV TESHE
DERIRETH 5.

Fig. 1IZWRIERERKFD 5 DX W & & URE & 2Ca0 - Sio,
AR O BENS /R 5, 20.0mass%FeO ~38.4%Ca0-31.6%Si0,—
10.0%P,0, D 2 7 Z#MBEIT 2 5 L5 ISFFE - IRALAEZ T
TR 0%, W3gDEMEE EBIZT LIS BDOE
(4% 0 38mm, WEE: 34mm, & 45mm) IZA#, Jf
ISR U 7= RISEPNCHIA L7, 25 7 BER LG
W=D &AL 72k, %%ﬁmﬁz%ﬁmmT%#
700 co*/min TEEA L T 3600sIfRIF L7z, 2 7 7 50RHZ
R D CaCO, % &5 4 P B DIFTKRKTF HﬁT
1wmrmm%&bcw%btcm,ﬂﬁﬁwwkqm
KU FeREHEENLWLTRHRALZDBIZESDIRICAHK
T, 1473K T CO-CO, % &t (CO/CO,=1/1) T 24 h K L
72D BIZATRF FTRG U CERIL 72 Fe,0, AEEEHRD
Si0, # K U*3Ca0 - P,0, & D EBLIL 7=,

2 7 Uk, [Efk2Ca0-8i0, (14
05~1g) #4774 b8 (NE4mm, HEemm, X
1000mm) DEHEIZT LI F LAY b EFNTESEL,
OB E THA L2, 120sRIfRFE L, BCPRERIER
A 7 Z'IZ2Ca0-Si0, DA EIRIE L 72, 1~60s D KBRS

Z£10mm, JEX 1 mm,

1673K 12

83

#5115 [E A 2Ca0 - Si0,—FeO,~Ca0-Si0,-P,0; A 7 'R TD ) A DEEH)

Mullite tube

Alumina crucible

1 ' ‘
4.

Fig. 1. Schematic drawing of experimental apparatus.
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(a) Reaction time 1 s

(b) Reaction time 5 s

(c) Reaction time 10 s

(d) Reaction time 60 s

Fig. 2. Interface between solid 2CaO-SiO, and molten
FeO,—Ca0-SiO,-P,0; slag at 1673K.

Hilc >z &2 6015,
3.2 RICFEDERE

1673K T CaO L VAR 2 Z 7 O % JlE L 72B81s, 7
I+ 5DEETFe 5 DIFEHOTHK AT 72, CaO-R 7
IRWENIZERK T 2 HOEHK R PO, RMHICE KT X7 7
HOALO,DEENZEAERONEP S22 86, K
92123 T 8 2Ca0-Si0,— A 7 7 R TD PO, FEIC &
KIET AT 7P ALODREIIRENTHS EEA LN
2o Y EAST A, Fig 201251 5 EDS AR %
Fig. 3 D FeO-CaO—(Si0,+P,0 ) =L RREX IR L 7=,
[ o TR 13 7 LF AL 1673K IS Fo W TR EE & P B
FeO-Ca0-Si0, 2 7 7 DM P& R LTy 5, RIGHEHA
OGP HHEIRONY, A ShHEZTRTILY
2 T ZHIE & 2Ca0-Si0, & A 7281 (Fig. 3O LI
5%, EDSIZE B AHHERD > 5, Ca0 L Si0,D EILI
21T, FeORIE A Smass% & DK <, Fig. 311 T
2Ca0- SiO, ML 55 D K14 2Ca0-SiO, M ThH b, — AT,

84

RIEX LD 2Ca0 - SiO, B A WA AT 12 b 5 M i,
2Ca0-SiO, HHIFMI L 72V 2 7 /" Ch B L FEAL 6N 5, B
2 E N 7= D AT E T ORBIE Fig. 3 OARRERNIZ BT
#H2Ca0 - Si0, & WA 2 5 7 AT B 5EUZ H O |, TR A
T " & P 2Ca0 - Si0, M ARA L 2z [RS8 THh 5.
INSDMBPBEENZZ L LD, 2Ca0-Si0, XL v b D
RIEIZEK - C, [R2Ca0-Si0, DRI X 5 7" D IR & g
2 7 7 DR 2Ca0 - Si0, HADRE M RFFIZAE T T 5
EELO6NS,

3.3 PO, LEE)

[} 97 HAF RERER U F6 TSR & 7= D - F13 R TR D Rk
IZHARTPO 2 KD ERE THA TV, ThETIZ,
A 7 755 2Ca0-Si0, N T NP0, B LD IAE LT, 2Ca0-
Si0,-3Ca0 PO [FIE AR AR D¢ 5 Z L AWME I Tk
D, AW B0 TEEE X7 BRI P,0, % & A 7215
1 2Ca0 - Si0,-3Ca0 - PO, [H¥A & & 2Ca0 - Si0, B HIEH 2
T EDRAMEEZEALLND, Ih5DRIMMD M RIL
X4 % 7= OFITFig. 2R L7z, Zh b D SEM{E
2B 5 OFDAM & D, PO ANEIREIZE Zh 2T
JERISTER 971, [tk 2Ca0-Si0, &/ 3L 27 25 7 & DR
M B TAE—IClOMHE HEFEL THML TS,

EIREIZP,0, % & L 72 HOHMLK % Ca0-Si0,-P,05 =JC
FUTHERRAL L 228k % Fig. 410, BIRX N 7-MBI3
MM & & €12 2Ca0-Si0,-3Ca0 - P,0, ~JCR D A8
T s, BiflR*OTCa0 & 2 7 7 & K & & 7281,
2 2 7D P03 W HIZ A K L 72 2Ca0 - Si0,-3Ca0 - P,O;
EAHIZ3Ca0-P,O; & LTiRMEE N D Z L &M 6 iz L7,
L7225 T, AFEICBWCE RIS, FIHICAR L -
2Ca0-Si0,-3Ca0 PO XA IZ 5 5 2 7 7 H D PO %
3Ca0 P05 & LT X 5IZIUD AL, RISHIBIC I 5 K
HAFIRE D 6 IR 12 & - T 2Ca0-Si0,-3Ca0 - P,0; I#l
MHBRRELEEELOND, TO/R, BREPO,EH
OB, MIBHIHID 2Ca0 - Si0,~ 3Ca0-P,0, —JLR &
D & Si0, | DML A 5 2Ca0- Si0,-3Ca0-P,05 LR IZHE
DL, Eiz, Ca0&L A T 7 & RIS E B FBONT 0T
Bl XN 722Ca0-8i0,-3Ca0-P,0 M DM AT
2Ca0-Si0,~3Ca0-P,0, ~JLRITH 8 T <, 7FHiar2ED
HEIINEWEEZ LN,

3.4 RICHETOBICHRTI ORI

BRI B51F 5 2Ca0 - Si0, & f#, WA 7 7 DRE
KU P,0 IR L M DL R EE) & BET 3 5 728, EDS THH
L 728 5 CORERALYI O RO Z & OfRk & frE i L
“C Fig. 5~Fig. 8127, BMDAE L Fig. 21278 L 7z SEM
O A ML LT, 22,150 THS, WThD
BOGKRNZ BV TS, CaOURIEIZ2Ca0-Si0, 2> 57327 2
S UIZA» - TWD L, —F TFOBREIIHEMT 5, Sio,
BEEMEIZEZSTINFEE -ETHD, 26T, CaO&
FeO W IZAR 2 R 5 N5 (T TR P,O, IR &<, €D



Si0,+P,05

Bulksslag

CaO 20 40 60 80 FeO

(a) Reaction time 1 s

Si0,+P,05

Bulk slag

Ca0 20 40 60 80
(c) Reaction time 10 s

FeO

1673K 1= 313 3 A 2Ca0 - $i0,—Fe0,~Ca0-Si0,—P,0, 2 T & Fifi TH ) AD¥H

A 2Ca0-Si0, phase
@ 2Ca0-Si0, and slag coexisting phase
O 2CaO-SiO, saturated slag

Si0+P,05

Ca0 20 40 60 80 FeO

(b) Reaction time 5 s

Si0,+P,05

Ca0 20 20 60 80
(d) Reaction time 60 s

Fig. 3. Results of EDS analysis on the FeO-CaO—(SiO,+P,0;) pseudo ternary system at 1673K.
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Fig. 4. Composition of P,0; rich phase on the CaO-SiO,~P,0; ternary system at 1673K.
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Fig. 5. Concentration of oxides at the interface as a func-
tion of position after 1s of reaction at 1673K.
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Fig. 7. Concentration of oxides at the interface as a func-
tion of position after 10s of reaction at 1673K.
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Fig. 10. Microscopic formation mechanism of P,O condensed phase at the interface between solid 2CaO - Si0, and molten slag.
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U, BRI FEL S F LT 5 (Fig.10(c)).
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