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Abstract

Taking CaO-Fe,03-Al,03 slag system as the research object, the effect of slag system composition
on its melting point, viscosity and component activity was calculated by Factsage thermodynamic
software, and the effect of Ca/O ratio of slag system and w(Al;03) in slag on dephosphorization of
high phosphorus hot metal was studied by hot state experiment. The results show that the melting
temperature of CaO-Fe;03-Al;03 slag system increases with the increase of Ca/O ratio, and de-
creases with the increase of w(Al.03); the viscosity of slag system increases with the increase of
Ca/O ratio of slag system; the activity of CaO component in slag system decreases with the increase
of w(Al;03), and increases first and then decreases slightly with the increase of Ca/0 ratio; the ac-
tivity of Fe;03; component in slag system decreases first and then tends to decrease slightly with
the increase of Ca/O ratio. It is relatively stable and fluctuates with the increase of w(Al;03). The
dephosphorization ability of slag system increases slightly at first and then decreases rapidly with
the increase of Ca/0 ratio. When Ca/O ratio is 0.45 and w(Al>03) = 1% - 5%, the dephosphorization
rate of slag system is maintained above 90%. C:S-C3P solid solution phase is the main enrichment
phase of phosphorus in the slag. C;P combines with 2Ca0-SiO; in the slag in the form of diffusion
and precipitation to form C;S-C3P solid solution.
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PACa0-Fe203-Al0:% R AW AN %, M Factsagedh 7223k 411808 RA RIS 5 KB RATIEE
Mg, BEIRSETRARBREEA L KB P wALO:) X BB KRBT m., SREKH:
Ca0-Fe;03-AL 0378 RIFLIR B FEE KA KA, FEw(Al03) )38 KT FEK; BARMFHEER
BRI BERFCaOHLTEEREEw(ALO:) I KK, FEEE L KEXEEFEERE
PR ¥R Fe0: 4 uifh B RE 5 & LI K KRB K58 H PR, FEw(ALO:) REEH 3. BR
I LB RE 77 Bl & 454 L R I K Se i 3 K5 B PR F54HR0.45, w(ALO3) = 1%~5%Fh, &
RUBERAERFTEI0%LL B CoS-CPE B A S FE BN FEEHEM, CGPUY BT H KRS A’
Hf12Ca0-Si0.45 A4 L.C.S-CsPEI B 4

KA
Ca0-Fe 03-ALO:EER, FBEYOK, BILEE, #E, Btk
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1. 5|

X AR ZHONRIR UL, B — P A FIuER, B 5 SRARAE i A BN IR ME TR AN [ K a1t 3B
SR SRR s, I BRI BEAN S 2. BEE VAR S R IR R, AR AR i s il
H TR, WA R R AR AR R BT B RSN L RIBH AN e AN R S R /N T 0.01%,
H2 0.005% [1] [2]. SRTf, Bl 00 o b A B A SR H 2 kkvs, DSk A AR PR S Ak A
FERER TR B B 2B W, A A R SR E oK EIRMTIE 2, N 1 AR P RN
FSCASFIH 2 A PR BB IR AN B TR 2, X B R AT I s Tlsh B8 9 B, CaO-Fe,05-CaF, A2 fi i
DR BB PV 2R, (ELREAE A P X M B i R0, CaF, 2 1R thAgk /KB A 1 25 B 22 A AT KA R3] [4],
W RE-S IV IR SiO, [N AR BRAE R AR #AK SiF, i B SIS YL [5] [6], MW IR 2 1 T /KT & it
BRI /KT G4[7] [8]. PEL, PR CaO-Fe,05-CaF, Bt 22+ CaFp A, TT AR MK TRE G RGN 22 B
R G TAEE FE R

MXCF-EE 91 72 T TE i CaO-Si0,-FeO-B,05-MnO FHkA it i 1 4 A0 5L FIURL 45 1, #F 00 3225 10]
X} CaO-SiO,-FeO-Na,0-Al,05 i F 7E Hh v i Bk K v 1 I B AT kAT T A58, AJIL[11] 40 BT T oo
Ca0-Fe,0-Si0,-Al,05-Na,0 ¥ £ 71 Al, 05 FI1 Na,O X flf & & 0.429% 1)k 7K it Bl st 1 & 18] B /3 B b P,Os
TG RBONTE A BS54, Inoue 55[12] [13]ABIFT 1 L% 2Ca0-SiO, MkLfr) CaO-SiO,-FeO i Z /i
BELEE . ASCHLL CaO-Fe,05-Al0; R AT FE X G, F Factsage #4712 A 1 B0 R A BOons AR R, G
JE R 20 035 FE S, i RS SZIG T 5T 2R w(CaO)/w(Fe,05) (LA faiFR4S 4 L) S 5 o wi(AlLO5) %t i ik
BRAK BRI, DAIAS BB AR 5 CaO-Fe,045-CaF, A 241 JE A R I B A & .
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2. MBI R
2.1. Factsage #HF R EEH

i Factsage #4 /7225 #4F (1) Equilib BEBRAN Viscosity bk, 4648 FToxide $odi 1, S NAS R I 2k
45 BIAT 58I 53] CaO-Fe,Oq-AloOs 1t F% HIA ML IR RE I 2 5 415 TR BE . LML S8 2 1 AR
1009, 700 R E EL AT o w(ALOs), KNSRI E N Ar, “FATE /18 1 % 10° Pa.

W 0K FE T BB 2 36 4 Equilib BLHURT FToxide #0382, St 5 1450°C T CaO-Fe,04-Al,0; ¥ %
WOHT S 1 CaO. FesOg AlOq 4 i BEMF T LI, ¥ CaO. FesOan AlLOs IHIFEEAHRA
Viscosity #ibe, ! 1450°C HHE RIGHATRERE, R A3 573t CaO-Fe,05-AlLOs 1 F HIH
.

Vis COS Y (go1g 1 iquiay = V1S COSItY giquia) ><(1—%(SO|id))72'5 )

b, Viscosity giuiay & A R FBARKEEE, (1- %(Solid))fz'5 BB T 5 B EGA], Viscosity solid + liquia)
FE AN R ITRGFE

2.2. HISEWMP RT3 E

LRI FEFTH CaO. Fe03. ALOs J4riraliidsfl, Hrh CaO £ 800°C il Mkhe 6 h, Fe,03 1 Al,O;
FEPEIR 120°CT AR T8 12 h, %4 1 R BB i T e EE I AE MR R LRV 50 . SIEE6 H i koK
AR KPR A TS IO DBk AR 21, it F AR A R 23 S 5 B4 wi(C) = 4.3% . w(Si) = 0.45%. w(Mn) = 0.87%.
wW(P) = 0.137%- W(S) = 0.045%, FIT FH 4k i 43 B 3445 = wi(C) = 0.43%- w(Si) = 1.30%- w(Mn) = 0.14%.
w(P) = 20.00%.

Table 1. Control compositions of CaO-Fe,03-Al,05 slag system %
F= 1. CaO-Fe,05-AlLO; I i E R M HI(FRE 7 E)

T CaO Fe,03 Al,0; AL Fd=s Ca0 Fe,03 Al,0; AL
1 2437 69.63 6 0.35 6 30.72 68.28 1 0.45
2 31.33 62.67 6 0.50 7 30.1 66.9 3 0.45
3 37.03 56.97 6 0.65 8 29.48 65.52 5 0.45
4 4178 52.22 6 0.80 9 28.86 64.14 7 0.45
5 45.79 48.21 6 0.95 10 28.14 62.76 9 0.45

BB SLEG AN R . FREL 500 g AEERFE, T NIEISRE, KRR S, N
WP FHE A (1450 £ 5)°C, IIABEEL, HEEPOK PR E 7 2 E 0.48%, fRIE 10 min, HL&JEYILAFE
DL S SRR A s FREX CaO-Fe,05-AlL,0; i 100 g, IIANF kK kAT i, 25 min Jo F A= kb
HH B8 888 5 AR (T SEM S50 4T), B4 J8 A LA J 8 1 s

2.3. EHRESHTSRN

BT JEAE R IR Siv Mn. P T3 & 5 F LBV RS & 55 B T4 K SO 3% (X (Thermo Electron Corporation,
IRIS intrepid )BEATHEMI, C. S JLER S CS-8800 MULT AMHAR 4> M AXCHEAT KM o Fu ot J TS BE PO A AH 2
BERH X 24T (Bruker, DBADVANCE) I, 5|24 : Cu ¥E, & Hi % 60 kV, & HLL 60 mA,
ALK 0017, ESRETIERS, ARMAEN 10°~90°, B /aEF SR JISM-6490LV R4
TR AT IS AT
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3. KEWHER5R

3.1 BEREURENFERNSH

H1 Factsage #1221 545 21 w(CaO)/w(Fe,03) = 0.4, 0.5, 0.6, 0.7 I A A w(Al,03) & W(AI,O3) =
3%, 5%, 7%, Q%I A~ [F]45 45 Lb X CaO-Fe,03-Al,05 i R IA IR FE FISEIA 2 il an 1€ 1~2 Bt el B ml 0,
A REE LN T 0.7 B, CaO-Fe,05-Al, 0 1 F G IR B BE A A L RIS A s, BE w(ALOg)I KIS A
BEA%, (HRFEA LIRFFFE 1450°CLATR, AT LA 2 oK IR (1450°C) Tl R e SIBLII TR, R4
S LK T 0.8 Bf, CaO-Fe,03-Al, 05 1 5 K Al B2 I 415 48U L 18 K S IR FE T w1, Bl WAL Og) 3 K T BEAIK,
R FEA - ARRREAE 1450°C AL . 2455 5 ELAI ST RN, B w(ALLOs) I3 K, CaO-Fe,05-Al,05 i Z 434
B — RIS IR FE IR IR S B 5 TERR RS, (A3 R IR FERRAIC. 85 S LU AR BRI,
BEE AL R, AP EHMB CaO w4kL:bhn, &M CaO ¥ Ll IR ES (1 CaO-AlOs,
2Ca0-Al,O5) 5k [# & CaO Jii s AFTEWE R, TSV 3R AR AL T e

2160 - = W(A1203):3%
[ W(Ales)ZS%
1980 - & w(AlLO3)=7%
W(Ales):9% /
‘8 1800 !
X
i Y
| 1620
®
1440
1260 - §
| L | s | L 1 L |
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PHELL
Figure 1. Effect of Ca/O ratio on the melting temperature of
slag system
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Figure 2. Effect of w(Al,03) on the melting temperature of
slag system
2. W(ALO3) 3378 ZRIRILIEE IR
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1] 3~4 43 il 1 Factsage #4722 8+ 515 1450°C I w(Al,Os) = 3%, 5%, 7%, 9%AN[E454 LL A
FES LN 0.4, 0.5, 0.6, 0.7 AF w(Al,O5)%} CaO-Fe,05-Al, 05 ¥ Z0K5 B IS5 1. &L, SR
PR LL/NT 1.1 B, CaO-Fe,03-Al,Os 1 F0R FE EAS S L 3G KM, B w(ALOS) I R G, ik
REASET 118, CaO-Fe,03-AlLOs ¥ R KHFEIAF] 0.402~0.438 Pa-s; 454 AT 1.1 B, & FK5 AR
P LG KRG T, BE W(ALO) M KT BE A BRI, M REALSE T 1.25 i, & RKELT
0.495~0.517 Pa-s, 5l REGEALLE T L1 BHAHLL, ¥ RAGE-FTHE T 18.84%. EZJHE A Z AlLOs. Fe,0s
IR E RS TH, WIfiss KB FRshbE ), (558 R R 7 . KR & KR LS|
AT BRI E B CaO, f#i&RFHH CaO EHK, 1 CaO FIMA SMINTH s, 1EH# & 25 5 LA A S
KAFTE, FEOE R IR AT RR .
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Figure 3. Effect of Ca/O ratio on the viscosity of slag system
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Figure 4. Effect of w(Al,O3) on the viscosity of slag system
4, W(Alea)Xqiﬁg*EEEl‘nguﬂ

3.2. BREATEE ST

FH Factsage #7220 HAS 2 R45%( LN 0.4, 0.5, 0.6, 0.7 B AS[E w(AlLOs) A2 W(ALLO3) = 3%,
5%, 7%, 9% AN 454 Xt CaO-Fe,05-Aly05 7 R HF CaO 3% KI5 M 43 73 Wil 5~6 Fias. RILLEH,
#RFA /N T 1.1 8, CaO-Fe,05-Al,03 7 % 1 CaO LT 1% FEREE W(AIO5) 1 K1 B4, BEAS S L)
BRI S, WA REALEN 0.4 B, CaO ZHITiEE )y 0.00878~0.0143 (*F¥) 0.0114), #ERFGHAL N
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1.1/, CaO AJeHIiEE AN 0.107~0.111 ("1 0.110); ERFELLAT L1 1, ¥ &+ CaO 4L cHIiEERE
PR LR — P I TR A BRI, B wW(ALO)ME K, #ENERM ALO; 1SN, ERTMEB CaO 5
AlLOs UL B /K ST A=) SIO, 456 AR IR 1 — RIVBERIR ik &4, i &b H B CaO &b,
f81#E Zh CaO ZH T VG BEFRAIK. ALK, MR I HE tH CaO 5 Fe,O5 A IEZRRES M H Hi CaO
IR HRE RS 320 B CaO &/ D FERE /N T R LI K S8 29 E HH CaO B4
FERE, FrUARIA W(ALOs)— R, B LUK, &R CaO 4 yuhig B R: (i K 4 b fd
2 HPLE & CaO Fis, FEE R CaO It iis B A B,
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Figure 5. Effect of Ca/O ratio on the activity of CaO
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Figure 6. Effect of w(Al,O3) on the activity of CaO
6. W(AILO5)xF CaO FEE SN

W(ALL,O3) = 3%, 5%, 7%, 9%IN AN [F] 454 LL LA A R 454 L4 0.4, 0.5, 0.6, 0.7 I AN[E] w(Al,Os)
Xf CaO-Fe,05-Al 05 ¥ 71 Fe, 045 i FEMISE I 4 Al ] 7~8 fin. & R IE H, EREALL
/NTF 0.9 i, CaO-Fe,03-Al, 05 7 R H FeyOs 2H 7T 775 5 Bl 45 48 LL A 388 T BRI, BE wi(ALLOs) 3 KHE A
BB, Wik RAGE A 0.35 B, Fe,Os 2H G IS &N 0.145~0.151 (*F4 0.148), ¥ R4 Ly 0.90 B,
Fe,03 27T 35 £ v 0.00172~0.00635 (715 0.00489); #E— 18 K454 LU, Fe,O5 41T HE FEE#a T4
XREE . FHEALILIE R, MARTHHEB CaO B, 5 Fe,0s 45 &4 BUEZKIRES M AR Fe,O5 EIG TN,
T R P Fe, 05 47T 135 BE FEAIC, Hrh AlLO; e 2> 55 Fe, 05 45 & P AL il Al Fe,06 AT 32 Fe,05 4T
143 FE W& A BAK
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Figure 7. Effect of Ca/O ratio on the activity of Fe,03
7. $5E LIS Fe,04 & E RIS
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Figure 8. Effect of w(Al,Os3) on the activity of Fe,03
8. W(ALLO3) X} Fe,05 5% & B EZNE

3.3. $EEEXE R BRI

li] 52 SR FE 1450°C L ¥ R W(ALLO;) = 6%, R RAGE L, FHXTEKIBLBER 52 a0 9 frox. Af
DA HH: CaO-Fe,05-Al, O3 185 7 I BE 7 1 25 475 S LU IR i 48 RS s A 38 K 5 DRUs BRI . ¥ R A5 4 LE
1 7E 0.35~0.43 I}, CaO-Fe,03-Al,0; i R it K 7E 87%LL L R4 N 0.95 i, CaO-Fe,03-Al,0;
B R PIBEE N 62.88%, S5 0.5 BfAHLL, ERBBERMEILT 26.16%. ¥ RE55 LLAE 0.35~0.43
i}, CaO-Fe,05-Al,03 ¥ R Fe 05 4 T 13H FEA X5, FeoOp 1] LAEZK R E 2 BN P,Os;
[FIT, W RGN RE AR A, JiahtE RAF, MABERI3N )2 5 AR T . Bl v SR A5 A LY
DR, BARY Fe,Op HItMVEERAC, B S K PR AL RIS RN, 855 Hhis Kl
Ca0-Fe,03-Al,0; 5 Z H F H1 CaO IV EIE K, H 21 CaO & 5L =) P,0s 45 & A5 BB R 5 3k N\
&, BES K BT DL BR, (R s S A LU B A AR R IR E T, KRR R, & Rk
I BERE SE A IB) ) AR 22, TS AR ) BT 2R BRI

3.4. W(ALO:) & ZR B B BU 2 NE
[ 5 LU E 1450°C . ¥ RS LA 0.45, BARVE R P ALOs NN, SEIGHTTS Al,Os X8k /K i i
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sz anlE 10 fiom. I 10 ATRAEH, #H ALOs [ &S/ 4U7E 1%~5% 2 (ML, W& R RE 1%
HWARARK, £ 90%~96% 2[RI 5)); FE— G R ALOs IR, T A i 22 23 T Fes s,
HRF ALOs IR EUN %I, 1B RAIBUER AN 61.92%. #AF AlLOs 5 73 B 1%~5% 2 [a]22 LT,
B ZH CaO W T FEAHXIOR, R AR Z 1 H H CaO 2 5 BRI =1 P.Os 256 A2 BB RS, 1HE NI
s, B R R AR E R E KT S RER, ALO; 2 53 & M CaO [ AP RIG M E A
AW, 8 RS RS CREFA T BRI AT, S T BBa RAmah i, (et 7 B e i -
SIRBEOERT, H BB IR EER R R R, A B L s e 7 it — DI &
(1 ALOs & &, ML AR ITREEERIR, w2 /15 ak 8 22, RN & rf CaO 4 yehEFERMK, H i CaO
b, FEUE RIS, & RMBERE IR EER, I E5E R IR .
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Figure 9. Effect of Ca/O ratio on CaO-Al,0s-Fe,03 slag

dephosphoarization of hot metal
9. $EERLLXT CaO-Al,05-Fe,0; 7% R B HEEIRZNE
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Figure 10. Effect of w(Al,O3) on CaO-Al,03-Fe,0;3 slag
dephosphorization of hot metal
10. w (Al,03)%F CaO-Al,04-Fe 05 & R A IR M

35 BFEREFHERINE
FERRK IR RE R, il S B T B R AR AR - J i, oK P IR SR AN PoOs J5, =it — D 51k
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W E 1 CaO &5 B IR S, LN FE AN :
5(FeO) +2[P] +3(Ca0) =5[Fe] +(3Ca0?, &) )

SN J B LA 3Ca0-P,0s JE it — 2 & 2Ca0-Si0, 454, 42 il 2Ca0- Si0,-3Ca0-P,0s( {5 4 C;S-C3P)
[EiRea % N O S ) SN s T
2Ca0-Si0, +3Ca0-P,0, = 2Ca0-Si0, —3Ca0-P,0, 3)

2(Ca0) +(Si0, )+3Ca0-P,0, = 2Ca0-Si0, —3Ca0 - P,0, @)

R M@ T 3Ca0-P,0s HHAH#E 1) 2Ca0-Si0, LAY UK A 45 & 42 i C,S-CaP AR J5
3, B BEAEENISERT, EE T H CaO SE/KHPRERIEMN 4 SiO, 455 LA 2Ca0-SiO, [ AH 1)
FAAETIEE T, Ll 3Ca0-P0s It N E 5, REELLZEY #07 i 2Ca0-Sio, [EIAHH, 1t
AEFERT DA 1) 11 Hiik . SR (4R T 3Ca0-P,0s LA CS-CaP VAR T I th b i it 77 28, S
L 3Ca0-P,0s TE I NIFIE G, W& H CLEAE1EN 2Ca0-SiO, [EIAHAHX# /b, 3Ca0-P,0s 251
BEH1) CaO. SO, 1B [ M T4 A R CoS-CoP [V, 2% 12 Fros. fEZOKIBEdfE ,
LA 3Ca0-P,0s ¥ xIn] 2Ca0-SiO, [ A & f 22 L iR pifh 77 =Rl 3:47

B B
BiE
@ | “&
—— 1|‘
[P] [P]
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Figure 11. Schenmatic diagram of diffusion process
11. g iEnEE
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Figure 12. Schenmatic diagram of precipitation process
12. fritdEREE

Y "

Figure 13. Electron micrograph of typical slag sample
13. HAGEHREBRERA
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Figure 14. XRD of typical slag sample
14. BBLERH XRD
Table 2. EDS analysis results of the typical slag sample, w/%
5% 2. BARLERER EDS HARER, wi%

REITER 0 Al Si P Ca Fe
PEAX 48.95 - 3.38 8.49 17.74
TRAELIX 5k 50.04 2.45 - - 10.81 8.86
X 35, 4354 8.76 3.15 - 18.52

XoT MR i B AR AT AR A S AR, SRS g SR anl&] 13, & 14 o, EDS o Args Rk 2 fos.
AfCLE H, e S R S A X K XA (X, SR X IR A2 Cas O. Py Si TE,
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