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Abstract

Based on the role of rare earth tailings as flux for oxidation dephosphorization in steelmaking
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process, this paper calculates the effects of rare earth tailings on the melting point and viscosity of
Ca0-Si02-Fe;03-rare earth tailings slag system with the help of Factsage software. The effect of
Ca0-Si02-Fe;03-rare earth tailings slag system on oxidation and dephosphorization of ordinary hot
metal at 1390°C was studied experimentally. The results show that with the gradual increase of
w(rare earth tailings), the melting temperature of Ca0-SiO:-Fe;03-rare earth tailings slag system
firstly decreases gradually and then increases slightly. When w(rare earth tailings) = 15.5~23%,
the melting temperature of Ca0-SiO;-Fe;03-rare earth tailings slag system can be controlled below
1350°C. But w(rare earth tailings) has little effect on the viscosity of Ca0-Si0;-Fe;03-rare earth
tailings slag system. As w(rare earth tailings) gradually increases, the dephosphorization rate of
Ca0-Si0-Fe;03-rare earth tailings slag system first increases and then decreases. When w(rare earth
tailings) is controlled between 15.5% and 21.5%, the dephosphorization rate of Ca0-Si0;-Fe;03-rare
earth tailings slag system reaches over 90%.
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1. 518

Mot R & F = S0 T 2k ml e - AR AR R 7, Hrh & A IR Ba . SUREIT . RS
SER A AT L ORI B B [1] . B R I ZR G A 2 ZEAAREUE X AT I AL . B IRAL AR 2R 2] o
PR AL AR ER T B L R R AT T R AT B, YRR R - B STk - AR - S9RL
eIk B T BT R [3], Yang S5 R Bk BLREGE IR - g9mik T2 o £ R & mBk[4], 3
TS R FE R RSO 2 [5] o R AT A SRR AL AL B AR ELAE R 3 + R™ 1  JRA i) 2% - A
AHIFEE 0 Li SR S AR % 1 DLA = S0 R Oy R R - R R (6] [7], FE
SER A ER AR 15 65 8 5 ER IR R M AR 485 45 i ) 2% 17 T8 SR & — i A R BR8], TR IS 5%
KRG BRI M L R 45 & S B A5 I U5 VEM % 1 BRIRES M AN[0]: N A5 A I R BR TIUAL 2E 1 2= 5%
EmLREY, RARBUEMEIL M 5% AR, 2R s e 1 ASfEAL57I[10].

R R R A AL T A A R kL A S A T AR (K IR R LS A
gigr i, xR STIRALAC B RO A A T M L R R I SR L B ) 2 B AT AR n e
KAt A (A IR - A R B2 10 RSO I A SR & AR o B s R 43 U & 1 —
ANFEERETCTT A ASCR R LR IR B B E EEARL, Bl CaO-SiO,-Fe,05 v R MMM &, BT
NN LA CaO-Si0,-Fe 0 3k it i i A8 W R 1 it S H BB RCR (K5 min, LU #G -+ B fE AN I A2
rHEA I B SR A IR AR I A B 2%

2. BIEWEAKBNRBEEM RN

BEXT TR ZHANMR U — M H TR, BB NSRRI TS —, HINE R R
LT 75 9252 S AL PE B T8, CaO-Si0,-FepOg A 2 A2 M AN i A i ¥ S AL M WA ) S At 22 - CaO-Si0,-Feo05
SRR 2 B A AR IS B IS, AR B AR AR SRR, R S S LR
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BRoK BN A PoOs: 18 #8771 32 B i v AL S N PoOs 5 38 B RR 5 At s idE NI o s 17 B s 77
BRI A R A ROMURG B2, DLERASUR SN 1R 47 1 It Tl o v

TR+ A1 EE R [9] [11]-[19]14: w(CaO) = 16.10%~30.34%, w(TFe) = 13.06%~18.20% (LA
Fe,O3 X AFAENTE), W(SiOy) = 11.71%~18.30%, w(CaF,) = 5.90%~12.94%, w(REO) = 3.77%~7.43%,
w(MgO) = 1.80%~5.10%, i&H /> EM K0, Na,O. BaO. MnO. Al,0;%.

i LA AT CaO 2N B AR AT R RIS @ ), 2 B R BEE R OURRE, SR I
BEIIVER : Fe,Og MM Il B F2 i 75 M UL ), mT DAURRE I s 2R AL PRI 55 . STO, mT AT B2 it o
R B FIRE B CaF, AT DM ERIBIAA ), R M BE R IR S, e RN 1E[20]; MgO #]
DL I i R FRDRG P, AR AP BE U P 4 [21] 5 AL O5 1T LU i s 22 P ) CaO T s i B A1k &,
B v AR A% Ri[22] [23]: REO 1T LARRIRBUBEE R IRG RS, 5% R B3N TE[24]; KO+ Na,O. BaO
8 T omm e A, AT DL R, R EBRA B ER . R, KRR R VE RN
FEREEM R, TR B BB EhIER . EAiR EEFIIER, 78060 LR R E 2 I 13 DAL
HFIH

3. WL EN 3 CaO-SiO,-Fe 05 & RIF LR BE AR B RO RN

BT Factsage 7.2 #4717 54, 115 CaO-SiO,-Fe,O5-#i -t AT 28 A AL I ARG B2 . 14645 Factsage
2t AR Y Equilib KBRS FToxid 1 FeatPS #i F2) A Viscosity i, i Aoy, BIAf
A EAFH] CaO-SiO,-Fe Op-Fi LRI VA R MBI FEFURS B2« TSR H AN RIS &8 100 g,
w(Ca0)/w(SiO,) = 5.0, w(Fe,03) = 45%, 78 w(Hi+2H"), “F#iE /18 1 x 10° Pa.

THE CaO-SiO,-Fe Oq-Hi L A VA R ARG BERT, n S FRIBH 2 iR LA T e I, {8 Viscosity 5
P AT VR G B RO AR e T RE iR, SeH Equilib ASEH T IR T 5 IR LA AT
MR &5, PRI Equilib AEHRTHERLAS 2 (RO i N 2 Viscosity BEHUTR TS R AREEE, FE
Z IEJ5 1) Einstein-Roscoe 2 sU#EAT RG MG 5L 1E . 12 1E )51 Einstein-Roscoe A 4:

n=m, (1_ w)—n 1)

A, O B AHAORL KRG L, o 9 ANEL 5 [ FHABORL VSV KRG, o NIEATE D EL n oA S
FORLIAR S TR TR AR S 4L, Einstein F8Y UK A IEERTE , n=2.5.

31 MERBUREHFIR

B LB AN & 1220 % CaO-SiO,-Fe,05-H 1 B RIG iR s mn sl 1 . nfLUEH, B
& Wi L) I HTE K, CaO-Si0,-Fe,Oz-Hi 1 JBH 8 2 K4 4b U5 B S 3 i P 5 s 6 T o w2
WY EE 10%1 K5 18.87%f, CaO-SiO,-Fe,04-Fi 1 B & K14 1L iR F B 1456.95°C £ 1K 3]
1334.29°C; Fik— 48k w(Hs + 25 & 30%Hh}, CaO-SiO,-Fe,05-Fi + 1 ¥ & KMk IR N 1392.62°C,
5wk L EH") = 18.87% fHLLEL, CaO-SiO,-Fe,O5-#i 1 Bl ¥ R AL B 75 1 58.33°C. 24 w(Hi L
JEH") = 15.5%~23%f, CaO-SiO,-Fe,Op-#i -t Bl 18 & I Ak il 5 W] LAF% il £ 1350°C LA .

Ca0-SiO,-Fe,O5-Hi -t I 18 F I M A0 iR T 32 2252 B3 & b iy s s AL e B s, s 28 rh B v o )
A R 45 (CapSiOy, M A1 2130°C) RIS db A AH: TR IE mUVIAH £ 22 KR — 5 (CaFe,04, M55
1220°C). BkER —45(Ca,Fe,0s, & £ 1420°C). # 41 (Ca,SioF,07, 14 5 1362°C). H 4G 41 (Ca;Mg(SiOy) s
4 55 1200°C) Al = AL Bk (Fe 05, M AT 1457°C), I /DB EEkERES (CaFe 07, A5 1240°C). 14 2 2
i L AT BN CaO-SiO,-Fe Op-Fi LRI 1A £ 45 df i F8 b= 2R S bs UV AR, WA, PR R
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Figure 1. Effect of w(rare earth tailings) on melting point of CaO-SiO,-Fe,O3-rare earth tailings slag system
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Figure 2. Effect of rare earth tailings on the high melting point phase during the crystallization process of CaO-SiO,-Fe,O5-rare
earth tailings slag system

2. L EH % CaO-SiO,-Fe,0:-# L BH ERLE MiTIEE A S MBI

3 ML B E B R CaO-Si0,-Fe,Op-Hi 1 A 1 R 45 dit i 2 1 7= AR IR i AR B 2, mf DU
o, W BRI EARE, B RPA SRR T, BEER LRI INE R R, ERF
AT H R IR A5 S e D R AR R IR — 5. M w(Rh LJRHT) = 15~20%I0, 5 &R HpT H AR IR — 4 L
X Z s d— S 1nFs L R s R, BT LR NI Fe,05 RGN, HS2m i —
o AR Ry R X B 1 T R B2 45 (CaFe, Oy, 13 1 1240°C) . {E CaO-SiO,-Fe,O5-Fii - EH & £, T
Wi L BTN T KR CaFy, A R b H I 7RIS SR S A A, ELBE A wls L 2T ) s X,
oA BT B R LR K A W RN MgO 7§ CaO-SiO,-Fe,05-Hi - BA i & ik
I TARKES S AR A A, HLBEE wRs LR IR EIE R, RS AN R ETIE R X R A
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Figure 3. Effect of rare earth tailings on the low melting point phase during the crystallization process of CaO-SiO,-Fe,O5-rare
earth tailings slag system
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3.2. MERMEER
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CaO-SiO,-Fe,O-Ffi - A5 Z XK i Sl i PR JE M AT TH s Bl IR FE IR T i, 0 AR AR B
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51|79 0.072 poise. 0.059 poise 1 0.038 poise; 4 w(Ffi 1+ BH") = 25%H}, CaO-SiO,-Fe,O5-Hi 1 i ¥ R AE
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Figure 4. Effect of w(rare earth tailings) on the viscosity of CaO-SiO,-Fe,Os-rare earth tailings slag system

& 4. wF L EH )X Ca0-SiO,-Fe,04-F T B & R AU

Ca0-Si0,-Fe, 05 - 2B A A 3 32 U3 R PRSI AT — S 4 I TS . B
WORE LB ) BT K, CaO-Si0,-Fe,05-Fs -1 2™ i 3 1 Fe,05 X SI0, (A R 1) P,Os. ALO, FF 4L
RS RERRG SIO) MR N 5 Fic. I 5 WOLEH, B wOi L RE) KISk,
Ca0-Si0,-Fe,05- -1 L™ 7 1 Fe 0 3 B WM N K, Fe,05 7ERHIE F /MR A FeO, TUILITE Z K
BT AL FE AR KT, s o 30 I e LA 5 T ()R (B)3h), 48 Th k55
ST T B R BT Ca0-SiO,-Fe,0p Fif -+ R M R iR LAl WUE LRI 2, S 808 RIORIE 1T A
LT B (LR . T CaO-SiO,-Fe,05-Hi-L L™ i R 11 YSIO, M4 B IR K, £ o BRAFTE
F) SO TS 4 B0 T3 0 B B 4400 Si,08 5 188 THI(UN(A) s ), bt 2R VRS FE 717

3Fe? +40* =(Fe,0,)" +[Fe] @)
2Fe? +40* =(Fe,04)" ©)
3Si0, +3Si0}" = 25i,0% @)

B CaO-SiO,-Fe Oq-Hii - A & i - B S ISR AIZHIE K, H AT CaF, XY CaO (LR
1 MgO. Na,O #7555 BE /R ¥ CaO) B A AL INIZ] 6 P, M1l 6 TLAE Y, BEH wih L REH)M
BT K, CaO-SiO,-Fe O-#i 1 A & (¥ CaF, iZWiI £, K& F 5| NER T imE A= &
BH ST 454 R A AR (I (B) R FTR) AE T [FIRE, CaO-SiO,-Fe,Oq-Fii LA R A7 E K K & OF B T
A T P R TR B SR R S B S R A O 20 SR LR BT R O R S 5 8 1 (B (8) 2UFTTR)) o
CaO-SiO,-Fe,O-Hi - A A REA R A F1 & T IR, ISR R AR 08, b BUG T (KRS B AH B
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UG . (ER, BEE wi LR ZH K, CaO-SiO,-Fe,05-# 1 i & thAE7E I OF B T-HUE & Wi
BRI E 6 FToR), OF BT B AT i vh 43 e ek A S & T B8 TR IR B 0B T AIG, T 45088 &
HIRGEE A T RE LA S . 1T CaO-SiO,-Fe,O-# L BN R Pt EE S & FHMRIE KT8
A, BETME CaO-SiO,-Fe Oq-Fi - FEn ¥ 2R IR 5 5 R 5 — i I il o5 w1 B ™) PR R V7 184 K T 32 BRI
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Figure 5. Effect of w(rare earth tailings) on Fe,O3 and Y SiO, content in CaO-SiO,-Fe,Oz-rare earth tailings slag system
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Figure 6. Effect of w(rare earth tailings) on CaF, and Y CaO content in CaO-SiO,-Fe,Os-rare earth tailings slag system
Bl 6. wiEE LR )%t CaO-SiO-Fe,0:-# L RH EZRF CaF, &Y CaO 2RI

4. B EH X CaO-SiO,-Fe 03 #iE R B BEUR KRN
4.1, SCERMARY

SEES AR R B IR NIRRT, HAR S RO (R E 30 8 wC] = 4.61%. W[Si] = 0.50%. w[Mn] =
0.05%. W[P] = 0.058%. W[S] = 0.045%; Sci it A2 kAL s 4. w[C] = 0.43%. W[Si] = 1.30%.
w[Mn] = 0.14%. w[P] = 26.00%. CaO-SiO,-Fe,0s-Fi+ EH Mifki& R 41 ) CaO. SiO, fll Fe,04 & 41k 2%k
7, i BRI 22 55 N : w(CaO) = 6.8%- w(SiO,) = 21.9%. w(CaF,) = 13.9%. w(TFe) = 14.32%. w(MgO)
=4.7%. w(Na,0) = 3.9%. w(CeO,) = 1.9%. w(MnO) =2.2%. w(Al,O3) = 1.5%. W(P,0s) = 2.3%.
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4.2. LW

SR RE M R R AT, ] 960 mm x 110 mm FISE AL BEHT IR AN B A SRR 151K 500 e Ak kB,
SEEGIR B 1390°C, SER IR A G IRY . AR BRI ARSI 4 ek LB oK R B A R, R
55 min LAV K I 2 FIER BE . N CaO:Fe, 04 = 4:6 (¥ it fit 770t I A5k /K 3E AT TR A AL B, i Ak
H 10 min 5 P\BRBLEEA , A S UK FEAE A WIAERE . NN 100 5 iRt 2k K EAT i b 22, 20 min
J&i FAE R B R A DO R KRR N R ke . BTG S RE 42 B RE LR R I 1 e R, AL
S MTE ST HAL B

4.3. KGEERR O

2 w(CaO)/w(SiO;) = 5.0, w(Fe,0;) = 45%I}, & w(ihLEH"), HXf CaO-SiO,-Fe,O5-#i 1 A #
AR 7 foR. ATLLE L, BEE wRs L ERT)RETE K, CaO-Si0,-Fe,05-Fi + B i & (1)
it Bk 8 S 10 S kN . wiHs LR AT = 18.45%I, CaO-SiO,-Fe,04-Fi 1V £ il % Ny 91.02%; w(Hs
TR HITE 15.5%~21.5%, CaO-SiO,-Fe,05-H 1= A 2 [ Bl 2 a] Lk 5] 90%LA L.
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Figure 7. Effect of w(rare earth tailings) on the dephosphorization rate of CaO-SiO,-Fe,Os-rare earth tailings slag system

B 7. wEE B )% Ca0-SiO,-Fe,05-# T B & R IR B R A0

i CaO-SiO,-Fe,05-#i 1 B Z 4 B /K AT AL B I, Bk b B ey Je bl b v+5 i, R)E
+5 MM BEAERA S RAL OF £ B AL B T POS HLARTE Ty, BJ 2[P]+5[0]+30* =2PO} . BiA
KT PO FE— D 0 ¥ A I B A R e (B IR A5 33 N 45, BIJ 3Ca® +2PO; =3Ca0-P,0; -

B4 CaO-SiO,-Fe,0s-#i 1= Bl ¥ R Hi i L B IR NS FIZWE K, R4 Fe,03 & MnO 14k
sl 8 fan. AILAUE M, BEE wls BT IE#TE K, CaO-SiO,-Fe,O5-#i L2 &1 Fe,03. MnO (1)
OB O, M R RS Bk I VR B R 2 3 SUPOK T B A e +5 O B I K E 1
Ca0-SiO,-Fe, O 1 BH 1 R AW BE /113 LU A . RN, Fe,O5 7E il R A= i ) N AE R FeO,
FeO Al CaO [AI/E 777 dh %, WfiH Fe*'. Fe*'. O BT B A K(r . =0.083nm . r_, =0.067nm .
re- =0.132nm), HHRIFALEKI CaO dhitt HIERE I 5 CaO £ HUIRKS siAb &4, {i2ik CaO ki fL. FeO.
MnO il Fe,0; 15 %i% 2Ca0-Sio, KIfEM, fEJl/D CaO-SiO,-Fe, 05+ EH ¥ 2 CaO #ifii 2Ca0-SiO,
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Figure 8. Effect of w(rare earth tailings) on Fe,O5; and MnO content in CaO-SiO,-Fe,Os-rare earth tailings slag system
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earth tailings slag system
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