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Table 1 Composition of the self-reduction briquets (w/%)

Binary

No. CaO SlOz A1203 MgO Can La203 basicity

38.35 36.63 12.72 10.88 1.27 0.15 1.05
4499 29.99 1272 1088 1.27 0.15 1.5
49.99 2499 1272 10.88 1.27 0.15 2

56.23 18.75 12.72 10.88 1.27 0.15 3

38.28 36.45 12.72 10.88 127 0.4 1.05
38.17 3636 12.72 1088 1.27 0.6 1.05
3797 36.16 12.72 10.88 1.27 1 1.05
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Fig.1 Lanthanum-rich aluminum-containing slag briquets
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Table 2 Relevant expressions of chemical equations, Gibbs free energy and mass action concentrations of complicated molecules

in the molten slag

Chemical Equations A G/J-mol™! N;
3(Ca**+0™)+(AL,03)=(3Ca0-AL,05) -21771.36-29.3076T N=KiN’N;
12(Ca* +0%)+7(AL,05)=(12Ca0-7A1,03) -103240-311.1T Ns=K>N,"*N5’

(Ca**+0%) +(A,03)=(Ca0-AL,05)
(Ca**+0%) +2(A1,05)=(Ca0-2A1,05)
(Ca>*+0%) +6(A1,05)=(Ca0-6A1,05)

(Ca*+0%) +(Si0,)=(Ca0-Si0y)
3(Ca**+0%) +2(Si0,)=(3Ca0-2Si0,)
2(Ca*"+0™) + (Si02)=(2Ca0-Si0,)
3(Ca*"+0%) +(Si0,)=(3Ca0-Si0,)

3(AL03) +2(Si0,)=(3A1,05-2Si05)
2(Mg*"+0%) +(Si0,)=(2Mg0-Si05)

(Mg +0%) +(Si02)=(MgO-Si0>)
(Mg®*+0%) +( AL,05)=(MgO-Al,05)

(Al,03) +(2La*" +30%)=(A1,05-La,03)
11(ALOs)+(2La*" +30%)=(11A1,05-La,0;)
7(AL03)+33(2La> " +307)=(7A1,05-33La,05)
2(Ca* +0%)+H(AL,05)+(Si02)=(2Ca0-Al,05-Si0,)
(Ca*"+0™)+H(ALL03)+2(Si02)=(CaO-Al,05-2Si0,)
2(Ca”™+0™)+( Mg* +0™)+2(Si0,)=(2Ca0-Mg0-2Si0,)
3(Ca”"+0™)+( Mg? +0™)+2(Si0,)=(3Ca0-Mg0-2Si0,)
(Ca*+0%) +( Mg*+0%) +(Si0,)=(CaO-MgO-Si0,)
(Ca*"+0%) +( Mg +0%) +2(Si0,)=(Ca0-Mg0-2Si0,)

3(Ca**+0™)+3( Al,05)+(Ca’*+2F)=(3Ca0-3A1,05-CaF5)
11(Ca*"+0*)+7( Al,O3)+(Ca* +2F)=(11Ca0-7A1,05-CaF,)

-23027.4-18.8406T No=K3N1N3

-16747.2-25.54T Nig=K4NiN5*
-22608.72-31.82T Nu=KsNN;°
-81416-10.498T N12=KsNiN>
-236973+9.63T Ni3=K7Ni’Ny?
-160431+4.106T Ni=KsN:i*N»
-93366-23.03T N15=KoNi’N;
-4354.27-10.467T Nig=K1oN5*Ny*
-86670+16.81T Ni=KuNiN,
-30013-5.027 Nig=K12NaN>
-35530-2.09T N19=K3N4sN3
-80799.277-16.49T N20=K14N3N¢*
-11202.16-80.22T Noi=K1sN3'' Ng

Nox=K6N3'Ne”
N23=K 17N\’ N3N
Nay=K 3N N3N,
N25=K19N12N4N22
Na6=K20N*NaNy*

N27=K>1N1N4sN>
Nas=K2,N1N4Ny*
Nag=K23N1’N3Ns
N3o=K24N,"'N3"N;

-383764.045-251.01T
-61964.64-60.29T
-13816.44-55.26T

-73688-63.69T
-315469+24.786T
-124766.6+3.376T

-80387-51.916T
-44492-73.15T
-228760-155.8T
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m, =%n 4
+N,y +11N,, +7N,, + Ny, + N, 43N, +7N,, ) (4

1
m, = anm +2N,; + Ny + Ny + Nyg + Ny + N, +N28] (5)

1
m5=2n(§N5+N29+ij (6)

1
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B R (2) ~(7) 1351«
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VG S ER AL S a4, 24 KOS 1IN, b
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KBTS, IR EF AL RS, G
P (LayOs) 3% 55 il 1 oA T 5% Wi ads JiR Jse . 39 47 1) 32
K 2%

X4 NIBE Sy - IR E AR 14 5
#1600 CIN, i+ IC 3R WA ERAS S A IR I B

R 4 ATAL, 5 B8AE 1600 C Ryl 122
PL(LayO3) A AE 1, BEFE — J0hi & (Ca0%/Si0,%) 1) 1
TN (Lay05) H 35 5 R B % . 5 kg i, i+
CaO 1 La,Os [] Ja il P S8 AL 4 o IRk, 36 0 4459 h CaO
P&, ALV 24 S5 E th R RS, A
111G g e LayOs 1 H kb 5258 1404,
Rl wT DR v v Lay,Os 35 B2

FEA S vh B 140 ] LATE 116 52 & 28 A0 0 1R
BE A B B BG I m R RE, IX - m SR [24) 05T g IR
AT o AR, WT LA At RON 1 (LagOs) I3 5 201 66 45 i
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Table 3 Content of La in molten iron by reduction from

different basicity slags

La concentration in Content of La alloying  Recovery
No . -1 S - o
iron/pug-g in iron/pg-g radio/%
1 2.15 1.75 13.72
2 1.49 1.09 8.56
3 0.86 0.76 5.98
4 0.43 0.38 2.93
1600
1400 | 1405°C
O F L 1240 ¢ fo40
B 1200 [
3 i <
S =
g 1000} ] 2
g L <
= 800 |- 660 45/
/ 640 C
600F 117 . .
L. Al ;: i s T
400 N N s|E 3 = =
0 20 40 60 80 100
Al La

Mass Fraction/%

K2 Al-La —7CHE

Fig.2 Binary phase diagram of aluminum-lanthanum
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Table 4 Activities of each states of La element in different

basicity slags

No. Existential state of La Activity

La,05 2.672X 107

: ALO;5Lay03 1.384X10°
11A1,05-La,0; 2.130x 10
7A1,05-33La,05 4778107

La,05 2.491x107

) Al,05La;05 6.046X107
11A1,05-La,0;3 6.351x107"®
7A1,05-33La,05 2.803 X107

La,0; 1.955x 107

3 AlLO3La,03 2.481%107
11A1,05-La,0;3 3.981 %10
7Al1,05°33La,05 1.011x 107

La,0;3 1.411X 107

4 ALLO5-La,05 1.160%X 107
11A1,05-La,05 2.419%107%
7A1,05-33La,05 1.045% 1071

AN, B4 CaO & Si0o, Wi LU, FRK T LayOs 1A
IROHL W 3 R WEEAXIE, RS
S UGB R o K, BRI, $R v TR I R, A
YT MR T S LayOs, WIS A4t La,O5 3%
JEA TR B 52, BEAATRE 3R & 3808 I8 )R R N
VAR AR B, BEART LaOy s, [FHFET
BTG BIBCR 1) N B
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R ny, o, B LasOs IR AY 5L, m, g 4% 4G 1 I
HOEL M S AL EE R TR
22 BHREEXMBEERITANEIE

11y 5. 6 M7 5O ORFE o mE AN L e 4
TEAAR, Wb A B S R 0.15% A 1%,
IO B 7 min J5 B AR 2k K A (1 4 -+ 4
T AR SRR (K e B R
B R X 100%) 14 5 FTR

M 5 WTLLE H,  BE A e T = A S =
B, koK e e i B e B 2 SN (R R B 2
B X 6 IS -B T IAEER I E TS 1.
5. 6 17 S 1600 CIN, H 8 IAF LIRS 4%
WA E . MR 6 nlH, FEWET LayOs (17 H
B, 1600 CHyKs#E b T LA 25 &KV (La,05)
(3 FEAREE I . [, B TS La,Os IR IR 43 4K
Hon, A2 A A S FE R R i, (2
TEA S B0 1 1) A Va3 P I A AR /N, mT A
R 5T SR A R O I i S N ) . R, B
La,O5 M I3 I, 3 J5 & N.(13) 18T~ 1l 1) 43 A2 31
B TR, B EM 175 ng/g WNE 3.74 ng/g.

M CaF, M, La,05

0.0002690
: 0.0002685
0.0002680
0.0002675
0.0002670
0.0002665

0.0002660 | \l

1.0 1.5 2.0 25 3.0
Basicity

Mole Fraction of La O

B3 AN B LasOs 15 IR 73 $1
Fig.3 Mole fraction of La;Oj; in different basicity slags

#5 TRIZEU_HAENELREHKPHHLIHEE
Table 5 Content of La in molten iron by reduction from

different La concentration slags

La concentration in Content of La Recovery
No. . -1 . .. -1 .
iron/pg-g alloying in iron/ug-g radio/%
1 2.15 1.75 13.72
5 5.21 3.51 10.32
6 7.18 4.01 7.86
7 10.94 5.74 6.68

{EE T 808 R 3K i o R e 58K TS
AR g A, AREny, mXa6)fin, #itsH
F e, A E I RO, AR &S e
BB R, M 13.72% FEE 6.68%.
2[La]+3[O] = La,0, (16)

F6o FTRZEHN_WHEENETHRIASEERSHEE
Table 6 Activities of each states of La element in different La

concentration slags

No. Existential state of La Activity
La,03 2.672%X10?
i AL,O3La,05 1.384%X10°
11A1,05-La,0; 2.130x 107"
7A1,05-33La,05 477810
La,0; 7.112%X1073
5 Al,05-La,05 3.561%X10°
11A1,05-La,05 5.224x 107"
7A1,05-33La,05 4.860x 107
La,0; 1.064 X107
6 AL,O3La,05 5312X10°°
11A1,05-La,05 7.539x 107"
7A1,0533La,05 2.839% 107
La,0s3 1.767 X107
7 Al,05-La,05 8.751X10°
11A1,05-La,0; 1.151x 107"
7A1,0533La,05 4,938 X107

3 4 it

1) 1600 °C K SE56# 1 5 1) La,O5 1] LR Al i
| e e ek 7 /e T

2) WA ) TR )R I i R B T 2R 1 (R
AT )RS o BEAS BB TE 1.05~3 BV [ N AL R 5
SaEBYARP RS RN 1.75 pgg! FHE 038
nggls BTG EMIEICR N 13.72% FFEE 2.93%.

3) I La,O5 B AE 0.15%~1%[ ¥ [ N I8 i
HESUEYA PSSR 1.75 pgg' BN%E 5.74
nggls BTG EMIEICER 13.72% FFEE 6.68%.

EE R

[1] Abdellatif M H, El-Komy G M, Azab A A et al. Journal of
Magnetism and Magnetic Materials[J], 2018, 447: 15

[2] Rodriguez R I, Jordon J B, Rao H M et al. Materials Science
and Engineering A[J], 2014, 618: 637

References

[3] Shi Caijuan, Jin Zili, Ren Huiping et al. Journal of Rare
Earths[J], 2017, 35(1): 309

[4] Wang Xing’an, Yan Mufu, Liu Ruiliang et al. Journal of Rare
Earths[J], 2016, 34(11): 1148

[5] Binnemans K, Jones P T, Blanpain B et al. Journal of Cleaner



%7 W A

& CaO-Si02-Al,05-MgO 5 45 s bR [ 38 J5 14T A E5Y

- 2343 -

Production[J], 2015, 99: 17
[6] Elwert T, Goldmann D, Schirmer T et al. Chemie Ingenieur
Technik[J], 2014, 86(6): 840
[7] Ding Yingui, Wang Jingsong, Wang Guang et al. ISIJ
International[J], 2012, 52(10): 1772
[8] Ding Yingui, Xue Qingguo, Wang Guang et al. Metallurgical
and Materials Transactions B[J], 2013, 44(1): 28
[9] Zhang Bo (3K ¥%). Thesis for Master(ii i 3)[D]. Wuhan:
Wuhan University of Science and Technology, 2014
[10] Saghafi M, Ataie A, Manesh S H. International Journal of
Refractory Metals and Hard Materials[J], 2011, 29(4): 419
[11] RI Sok-chol, Chu Mansheng, Chen Shuangyin. Journal of
Iron and Steel Research International[l], 2016, 23(4): 314
[12] Lu Huayi (&1t —), Li Ping (Z* “T*), Zhao Lianshan (% 1l1)
et al. Chinese Journal of Rare Metals (Fif5 4:J@)[J], 1987,
11(3): 224
[13] Zhao Minshou(i&* & % ), Zhang Liming(5k ¢ #), Ma
Zhongcheng(H & 1) et al. Chinese Rare Earths(Fi1)[J],
1985, 4(2): 30
[14] Binnemans K, Jones P T, Blanpain B et al. Journal of
Cleaner Production[J], 2013, 51: 1

[15] Guo Feng (38 ), Lin Qin (#4k ). Journal of The Chinese
Rare Earth (W' E i +54))[J], 2008, 26(1): 97

[16] Liu Chengjun(X)& Z), Jiang Maofa(3%)'§ %), Li Chunlong
(Z4 ) et al. Journal of Process Engineering (L8 T.78 %%
#)[71, 2006(1): 135

[17] Lin Qin (%% %)), Song Bo (‘A& ¥%), Guo Xingmin(ZE% ) et
al. Chinese Rare Earths(Fi 1-)[J], 2001, 22(4): 31

[18] Na Shuren (HSH N). Iron-making Technology (Jik 1. 2;%)
[M]. Beijing: Metallurgical Industry Press, 2013: 103

[19] Ren Huiping({F ), Jin Zili(& H /1), Qu Wei(# fh).
Chinese Patent(F [5£ F]), 201210569286.6[P]. 2012

[20] Chuiko N M. Ferrous Met[J], 1959(5): 3

[21] Zhang J. The Iron and Steel Institute of Japan[J], 1992: 244

[22] Chen Jiaxiang( & %K #£). A4 Chart Data Manual for
Steelmaking( % W % A B & £ F MHM].
Metallurgical Industry Press, 1984

[23] Guo Hanjie(35IX7%). 4 Course in Physical Chemistry of
Metallurgy(¥6 4= W) BL AL 2 B F2)[M]. Beijing: Metallurgical
Industry Press, 2006

[24] Zhang Bo(3k ¥%). Thesis for Doctor( 18 1 & 32 )[D].

Beijing:

Shenyang: Northeastern University, 2012

Behavior of Lanthanum-rich Aluminum-containing Ca0O-Si0,-Al,0;-MgO Slag
Briquets Self-reduction

Qu Wei'?, Ren Huiping'?, Dong Fang®, Zhang Bo®, Qi Jianbo?, Qi Jie®
(1. Shanghai University, Shanghai 200444, China)
(2. Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Baotou 014010, China)
(3. Northeastern University, Shenyang 110819, China)

Abstract: Effect of binary basicity and La,Os; content on the self-reduction behavior of lanthanum-rich aluminum-containing
Ca0-Si0,-A1,05-MgO slag briquets was studied. The blast furnace slags and aluminite powder were pressed into @15 mm cylindrical
pieces after mixing. The self-reduction experiments of lanthanum-rich aluminum-containing slag briquets were performed in a
medium-frequency induction furnace. The specimens were collected online at different time and dissolved by nitrohydrochloric acid. The
non-metallic secondary phases were separated from the iron matrix by non-aqueous electrolytic process and dissolved by nitrohydrochloric
acid. The quantitative analysis of lanthanum in the iron and non-metallic secondary phases was carried out by inductively coupled plasma
source mass spectrometer (ICP-MS). The content of La alloying in the iron was acquired by the amount of lanthanum in the iron
subtracting lanthanum in the non-metallic secondary phases. The slag activity model was established according to the theory of
moleculars-ions coexistence and the activities of La>Oj; in different slags at 1600 °C were calculated. The results indicate that the binary
basicity increases from 1.05 to 3, which decreases the activity of the La,Os of the slag and lowers La,Os reduction amounts in the slag
briquets from 1.75 pg-g” to 0.38 pg'g™. The recovery radio of lanthanum is decreased from 13.72% to 2.93%. The activity of the La,Os of
the slag and the La,0; reduction amounts are increased from 1.75 pug-g”' to 5.74 pg-g” with the increase of the La,O; content from 0.15%
to 1% in the slags. The recovery radio of lanthanum is decreased from 13.72% to 6.68%.

Key words: lanthanum; CaO-SiO;-A1,03-MgO slag; binary basicity; content of La alloying; aluminothermic reduction
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