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Fig.1 The change of Gibbs free energy with

temperature under different Eu partial pressure
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Fig. 3 Phase analysis of raw materials
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Fig.5 Effect of argon flow rate on the reduction rate

of europium and the utilization rate of reducing agent

lanthanum
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Fig. 6 Phase analysis of reduced slag under different argon flow rates
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Fig. 7 Effect of pressure on the reduction rate of
europium and the utilization rate of reducing agent

lanthanum
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europium and the utilization rate of reducing agent

lanthanum

P10 (a) 2 i J5E50) i 48 U 1. 1 I 3 S £
YA 34 &1, AT LA AT A RSO AT La,0, 1Y
S5O IS AR IHA EusO, I AETE s AN )3 J 5
b i PR I SR B 5 T A o0 B R EE G TR
10(h) Bz , AT LAFR 2430 )G i i LU TR ), La, 0,
R B AT S5 WA g i O T O, 5 a6 O D AR 4 2R
AT



- 150 - T ECH & S A RIS
000 1-La,0, I-Ta0,
3500+ 1 2-La 2-La
3000f l Z:Eﬁ%& - M=1.4 ) 3En0,
3% Eluas L3 11321 3
£ 2000 z
£ 1500f °—2 M=1.2
B 1 000 1 | { 2 | M=1.1
500t 4, IR ) n
ok M=1.0
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80
20/(°) 20/(°)
{a) M=1.1 (b) A1 SR S
BE10  AS[a] i J5A] fak e L (M) 1 38 S5 P AR 53 A
Fig. 10 Phase analysis of reduced slag under different ratios of reducing agent lanthanum
3. 1.4 SRR La-Eu,0, 14 22 340 J5 2 A8 (1 5% i) o0l —=— EER 190
0 I B SR Al S Y R B R 2R 2, DA —o— HIRIHR
S AR 2 £ 2% 8 S ARG T AR A B Y S R sor 1%
W, R IR B IR Z 5 AW | R R, +;%;70_ 170 §
B J 1032 %) 4 T BB A8l B 7 1) 1E S 7 1] #% 3 5 B g §
WOWFR B MR RN KRRk T B 1¥=
W7 iR BN BOE AGRE , 1 BROT A A2 SO R4 st {50
H g, AR 1 By 3 58, PR 48 v e Jit Ui 32 ol Lo
AR T 4 v AR I Jir SRS A S 0] % 5 DS N 1Y By . . . . .
F A0 B T SR 1 7 R4 5 S 4 OO e
JEH AR MM o B A R IR U B IE B m e R o S A R R R B T
17 o AH IR J0 IR B2 2o v 23 3G A= 7 SR, O 6 T Bty E= |

Z W REFE , H Tl A= = ok v 45 22 04 5 TR 8 TR
23 T HE A7 A 0 8RR B AR 7 R A
PS4 — A IEE W R E O e g e e
FE RIS Bl . AR ERIE T La—Ew,0, 1K & 1 ik i
T BE X6 BR A o AR AL B IR JFCR R . RIS AR
SEUNT B JEIHAE] N 1.5 h, i A1 558 4 20 MPa, if
SRR R 11, BRI 0. 2 m/h, 38 R
43 5124 900°C . 1 000°C . 1 100°C. . 1 200°C . 1 300°C .
AR I 45 A5 2 AS R 18 J5UIR B T 8 Ak 46 18 o
R ARLE, i 11 R o

11 F2 B, IR EE AE 900 ~ 1 100°CHE [l A, Bl %
MRFE B T, b IR R 54, 47% THiE & 85, 49% , ik
Ji R F FH % e 48. 69% Ft 15 2 76. 42% , H FHECR .
T 4k 22 42 T2 1 300°C T, i R SRR TR T
86. 31%, 38 I I F R4 T+ 2 77. 15% . i 4
< B I B A B T AT R T 4 o A RO 1 SRR A A
JF34, 1 100°CH$& FHIR FE R R, 1 100°C 2 Je Rt A

Fig. 11 Effect of reduction temperature on the
reduction rate of europium and the utilization rate of

reducing agent lanthanum

PEFHER EEAR /N, 38 JFAORAH 22 T0 L, 3% 3R W IR B
()32 T SR AL B T 4R T 2 AT BR A . PRt
SR BEREE T 1 100°C b JEIE HIRE .

FE 12 (a) H LRI ER A1 7E 1 100°CHT AR 1.5 h )5
(R SIS 4 AH 20 BT TR G 38 S5 SR A 4, La, 0, 1Y
25 ACRIE R s T 12(b) 2 45 30 T I BT 3 it s 1)
YA A3 B, w] LA H IR BE DL 900°C T3 1 100°CHY,
La, O A 477 S W4 U 52 3% Y47 34 58 |, i 82 06 5 J LT AN A
X5 E AL I8 R AL — B
3.1.5 M JEBHEXS La-Eu,0, & 2 55 F A9 52 0

B BH B 340 T[] 8 08 R UE S 114 38 i 36 I ik
D S JE IR LAS A AR kSRR TRIR 2% . AT B AE
PRIV I Jis B[] XoF 4 Ak B 1 T3t 23 R0 1) FH 38 1 5% e



2026 4E2 A% 1

AR« e T AF 0 EL 2 S B9 5l Bl Sl w6 < Jm 4 - 151 -

FAEE IS S E T R RIS 1 100°C, il
JE 5% A 20 MPa, 8 R = b 11, B Ew
0.2 m/h, it JE A} [E] 43 5B 0.5 h, 1.0 h, 1.5 h,2.0

10 000
l—Laz()3
2-La
8000k 3-Eu,0,
4—]5]11}()4
Z 6000}
£ 4000
E
1 1
2000k Y
0 1 1 1 1 1

1020 30 40 30 60 70 80 90
20/()
(a) 1100 °C

h,2.5 ho ARAIRERZERAT 2 A [ ik B ) 1
B R RE AR AR, AN TET 13 FrR

intensity (a.u.)

900 C. I
1020 30 40 50 60 70 80 90
201)
(b) b IR

Bl12  AFEE R EE T s YA

Fig. 12 Phase analysis of reduced slag under different reduction temperature
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of europium and the utilization rate of reducing agent
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Fig. 14 Phase analysis of reduced slag under different reduction time
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Table 3 Chemical composition of the europium
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Fig. 16 Phase analysis of the europium product
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Preparation of rare earth metal europium by thermal reduction of lanthanum based on

relative vacuum theory
SONG Shihuan', LIU Yan'?, ZHANG Ting'an"*, ZHANG Haonan', XU Jingzhong'
(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;

2. Key Laboratory of Ecological Metallurgy of Multi-metal Intergrown Ores of Ministry of Education, Shenyang 110819, China)
Abstract: At present, the main production method of metal europium is vacuum reduction-distillation method,
and the recovery rate can reach 95%. However, there are still some problems, such as long reduction period, high
energy consumption, unstable preparation process and inability to produce continuously. In recent years, Professor
Zhang Ting'an team proposed the 'relative vacuum’ smelting technology, and achieved good results in the field of
magnesium smelting. In this paper, the relative vacuum smelting technology is applied to the production of metal
europium by lanthanum thermal reduction. The relative vacuum reduction experiment is carried out on the
prefabricated pellets made of lanthanum powder and europium oxide by a medium frequency induction furnace, in
order to explore the optimal experimental conditions. The results demonstrate that the relative vacuum technology
can be applied to the preparation of europium metal by lanthanum thermal reduction. The reduction rate of
europium oxide can be improved by appropriately increasing the carrier gas flow rate, the pressure of the sample
and the excess coefficient of the reducing agent. The optimum experimental conditions are as follows: argon flow
rate v=0. 2 m’/h, reduction temperature T=1 100°C, reduction time t=1.5 h, pelleting pressure P=20 MPa, and
excess ratio of reducing agent M=1. 1. This technology breaks the limitation of vacuum conditions to achieve
continuous production, and the inert gas can be recycled, but there are still problems of low reduction rate and poor
product purity. Under the optimal conditions, the reduction rate of europium oxide is only 87. 29%, and the purity
of metal europium product is only 97. 88%. Subsequent research will continue to optimize the process and provide
a more solid technology basis for the industrial continuous production of metal europium. .

Key words: europium oxide; europium; lanthanum thermal reduction; inert carrier gas; relative vacuum;

continuous production; europium oxidation



