TERERERFR

The Chinese Journal of Nonferrous Metals

2018 4E 12 A
December 2018

H28EE 124
Volume 28 Number 12

DOI: 10.19476/j.ysxb.1004.0609.2018.12.22

EFMTIREE- R EEYH 2 BIEME

b &, AR
(kMY 2ERE 2 he, B3k 014030)

Hl

W B ETWEAERAER TSR RS- EEYR A S B AT, RIS, DU
BHEEEYMNER, SBWARER, RAERERE TS, TR S S & SRR B RN
FEXT IR S E AR A R, AR5 o0 88 BUR ARG 1 2 T 00 2 BRRE AT 0T . 45 RER . IR TR SR BE IR
[ETFETIR N, FEAE-AR-HE EAEM S S BB R LN 1:2.5. REGE SN 0.1 Pa E T, M4iRE N 1600 K. {RiR
AN 1.5 h i), SRR RN 92.1%. RN 91.2%. &JBEERIAIEE N 99.83% (% 24 N 4R);: 24 E N 2000
K. fRRET 2.0 h B, &BENNEIREN 85.4%. WLHH 84.3%. AR 97.12%. MEFFMEIL TN 7 3 & EY
R AR R, X RBRAER R — e BUR

RER: - GV, SR SRR WS

XEHS: 1004-0609(2018)-12-2590-08

FEIDES: TG146.4

EAFRERS: A

Rt R A ST I AR A 4 ] A
BB EARME= S, FESEE. & 8. H
B R AR e R AR e R, AR A
PAT 5K B BT R R R A 72 LA R s A 2 520
He, Yb05 SELIN 60%~80%(ii & 43 %), Tm,0;
M Lu,Os S 8L 10%. BT &5 S EMERR,
ZEREELr B B 26 TmyOs+ Yb,05+ LuyOs 7% fh i
T e, BT LAE A R R oy BT & o LR
HE =AM W& R -
e Y — B L AR BN ER M. HArE
BAWMAA TN, H—&RABREEHEA. ¥
T2 B IR A E ), SR — Tm,05. Y04
Lw,03 7= fh o W K2R F Cyanex272-Psg, 1250
Re i AL (2 0 B RS T - s Y =
(158 4200 B8 o M RN 5T DL C272+Pso; 7 IR & AEHUH
RE B Psoy ZEHUH, JeiAT Tm/Lu K505, Fdk
17 Tm/Yb F1 Yb/Lu 4053 B ILAL T2, FRAK TR Bk
THFE, TR B 40% A _E o X% [ 2R ] Psos-HCL
R RHEAT Tm/Yb/Lu = H EIAEHOHL 3 B AT Psor R
NE L2 7y B SR A AT BRI 7 25, R MBS T 45—
W EEMN AN, SRR KT 99.95%(1
TmyOs+ YbyOs Fll LuyOs 7% e H 2RI kit a4

REZE-HE-EEEHEN &SRS &R EN
. RIERZ SN T T B RRGE R A
# 4 BRI AR LR BUREER AR B AT N, WIS T &
JEEWCRA 85%~90%- 4N 98%HI&EtE. ik
B SPOT T B RGE R R AR E SR A R AR
T RATIE, IEHIAS T BN 87%. 4l (YD/RE)
N 99% %R -

K FH BROY BAR R & SR & & R AR A AT A
KR B AR & SR AR I AR r= A, T L T2 S K
AR ORI R, [R5, B SIESE, RN
WEEEN B T2, NmEAEr] KNGE4
FeRas, R, 4 Jm A AR B A - Th Rt
BHEOE M, AR I D &4 8 5 sl vl R &
PRI AE P RE . W FH 4 8 B A () A% I E A2 1T 9T
F LRI R R AR R, R E R TR SRR R
P AR AN, R & @ik h FIuge s, %
REAUR AR A R BB M AM DY SR IEAE
AT LA A ik, sk fr g el b,
ISINER R & & H A B aarERe, nTH T
IR E EO RN ThREM RN IR &Rt T
BN LR RR MR RE, A EASEIE) RN A

T & @, B0 — SRR sk B A TT

HEHEWMB: ExEAARRFEIESFEIITE (21364007, 51563019); WZE 1l HIA X HAARMEIE 4 B E (2015MS0516); £ Sk I 2B B 1L 2% 15 7%

i%1(01135005/047)
is B 2017-10-16; f&iTHHEA: 2018-01-20

BEMEE: VPR, JHT: Hi%: 13664846973; E-mail: 18438602389@163.com



528 %3 12 OIS SRR - B S R B4 2591
BARMMER, i kA el m s hl & s a4 8 s
E‘Jﬁﬁﬁﬁﬁ‘u‘?ﬂﬁiﬂ%[”'m;ffﬁﬁﬁ%—%%?—%%Eﬁ%%IEH:T 200 = ot 10°pe T
i) £ 42 SR B AR I 7T H AT R WARIE . PR, AR " —v—Eq.(1),0.1 Pa —+—Eq.(2),0.1 Pa
fERBRE- RN, RBOveER, £ | T
TERFHI ) N B R, SRR IR IR v, Eid %é R,
ROURBIMALE A, - 55 | ot clgite
&SRS REE. P

2 < ool ~
1 RN ° T

000 1200 1400 1600 1800 2000
R B T LR . AL 82 Temperature, TR

M IEREAAR, BA5RIARIE . X P T
XRD 73 Hr(WLE 1), kil #4A NdGdOs f77E, Hith
Fis - 253 LA B — S AR D AEAE o DR R AE AT I8 7 22 0 M
NT AT, RS E Y N R ITR A A
A, S48 AR A0 28 HE 0100 5 SR H R [ IR
T(K) FIRJFE B (1) (2)s (3)FIFRAEEE IR [ N 75 A7
1545 AGS (kI-mol YA E 774 0.1 Pa FHI AGy
(kJ-mol ™), FWGitHEHLERLH KWE 2 Fini AGn
T RARE

Tm,05(s)+2La(l)=La,05(s)+2Tm(s,l,g) @))]
Yb,05(s)+2La(l)=La,05(s)+2Yb(l,g) 2)
Lu,Os(s)+2La(l)==La,0;(s)+2Lu(s,Lg) 3)

L L

madg c Aod
40 50 ‘
20/(%)

FE-tE-HE W R XRD i

Fig.1 XRD patterns of thulium-ytterbium-lutetium enrichments
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Fig. 2 Relationships between A,G,, and T under different

pressures
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Table 1 Vapor pressures of metallic thulium, ytterbium and lutetium

p/Pa
Metal
1100K  1200K 1300K 1400 K 1500 K 1600 K 1700 K 1800 K 1900K 2000 K
Tm 0.679 5.28 29.5 130 458 1380 3620 8480 17200 55800
Yb 2740 9320 25700 61100 128000 - - - - -
Lu - 1.62%x1077 - 6.99X107° 7.80X107* 6.42X107° 4.08X107%2 2.11x107" 9.07x10" 3.23
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Table 2 Separation coefficients of metallic thulium, ytterbium

and lutetium

Temperature/K Byb/tm Byviiu B
1100 4030 - -
1200 1770 5.75%10" 3.26x 10’
1300 873 - -
1400 471 8.74%10° 1.86x10°
1500 279 1.64x 10 5.87x10°
1600 - - 2.15%10°
1700 - - 8.86x10"
1800 - - 4.02x10*
1900 - - 1.90x10*
2000 - - 1.73x10*

2 I

2.1 SEIGJER
SEIG AT AR E ML A R R 3, &
JE B A2 o LR 4

R3I EEEEEDRLE R
Table 3 Chemical composition of thulium-ytterbium-lutetium

enrichments (mass fraction, %)

Y203 L3203 C6203 Pr203 Nd203 Sm203 Eu203
0.54 0.49 0.07 <0.01 1.57 1.80 1.08
Gd203 Tb407 Dy203 H0203 Er203 Tm203 Yb203

2.79 0.31 0.39 0.98 5.38 9.81 64.95

Lu203 A1203 SIOQ F6203 CaO IglOSS
9.80 0.02 0.28 0.16 0.10 2.16

R4 BEBMROLERSY
Table 4 Chemical composition of metallic lanthanum (mass

fraction, %)

La Ce Pr Nd Sm Y
>98 0.24 0.27 0.49 <0.01 0.30
Al Si Fe Ca Mg
0.12 0.02 0.28 <<0.005 0.0034
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Fig.3 Schematic diagram of experimental device
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Fig. 4 Relationship between reduction rate y and temperature
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Table 5 Chemical composition of metallic ytterbium and lutetium

TR ISR SRERM RN S E, RS A
1600 K 12000 K Al & M&RE. &/~ mm
B3 3 Bt 2R

PAEER 3. 5 AT, 1) EFREJEE A o B
HReWmL0E, SRS TR0 & B BT %
BE SRRy, EEEPm R SRS
EVIRIE T 99.84%, 4@ 4% (AR 40 (Yb/Y.RE)i% 5]
99.94%, BOCHR[L, 41HRERZETRIEE T 0.94%. H#
F1HARV ST A, EE T8 0.1 Pay A 1600
K i, &J@#AfES CeOyn Gdy0s50 TbyO7v Lu03 K
AR, HIX A28 SRR, A KAl RE
BERUBREE R, Bk, £E8ETM Ce. Gd.
Tb. Lu & 25U MiE £+ H e L a8 bg
ST T LA SR B IR R L e E, (R L R R B
PEEL Y05 55, W 1E RN J5E A ReidtdT, HZAESE
Fb & masit, B AtkE B (SR 5EMD), K
EAER ETH R &R s it e DA e HE T N,
PRI, 3 — 070 W % B e < A i 5 ARG
2) & @ EE P A AAI AR - 24 B B EE TR
HEEMPR LS M ER, SJRE T A
BELEEVTET 97.88%, 4B MM 4iE
(Tm/YRE)AE] 98.10%. AR, S EH 5
AlH1, TEFE7128 0.1 Pay RE N 2000 K B, & HEYH
BT # LA T DUE SRR L 488, (HIX efs +
SEERUTIREREES T, T &EMASE. &
R RSO TR R AN AR B S (R (B B IR E AT
NTAAENERES. BaltSEERRE L
Wit )E, BTIERIE AR EE Nk, mEid
56 B MR BRI, B s REER B, R
B 5 S RAEMIT IR+ &8 4 fedt Nl as 4,

Mass fraction/%

Product

La Ce Pr Nd Sm Eu Gd Tb
Metallic ytterbium 0.0015 <<0.001 <0.001 <<0.0005 0.0031 0.012 0.0011 0.0013
Metallic lutetium 0.47 0.023 0.028 0.17 0.027 0.0018 0.084 0.035
Mass fraction/%
Product
Dy Ho Er Tm Yb Lu Y Ca
Metallic ytterbium 0.0018 <0.00025 <<0.00025 0.033 matrix <0.001 <<0.00025 0.023
Metallic lutetium 0.044 0.087 0.18 matrix 0.53 0.16 0.072 0.017
Mass fraction/%
Product
Mg Fe Al Si Mo Ni Zn Mn
Metallic ytterbium 0.046 0.014 0.0068 0.0010 0.0050 0.0053 0.0042 0.0031
Metallic lutetium 0.016 0.26 0.067 0.12 0.27 0.032 0.0021 0.18
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Preparation of metallic ytterbium and thulium by
selective reduction of thulium-ytterbium-lutetium enrichments

HAO Zhan-zhong, XU Lin-cheng

(School of Chemistry, Baotou Teachers College, Baotou 014030, China)

Abstract: Based on the theory of physical chemistry, the preparation feasibility of metallic ytterbium and thulium by
metallic lanthanum reduction of thallium-ytterbium-lutetium enrichments was analyzed. Using the thulium-ytterbium-
lutetium enrichments as raw materials and metallic lanthanum as a reducing agent, when metallic ytterbium and thulium
were prepared from thulium-ytterbium-lutetium enrichments by method of selective reduction, the effects of reaction
temperature on the reduction rate and yield were studied. The separation effects of rare earth and the removal ability of
non-rare earth impurities were analyzed. The results show that the reduction rate and yield increase with the increase of
temperature. Under the condition that the molar ratio of thulium-ytterbium-lutetium enrichments and metallic lanthanum
is 1:2.5, and the system pressure is 0.1 Pa, when the temperature is 1600 K and the holding time is 1.5 h, the reduction
rate of ytterbium is 92.1%, the yield is 91.2%, the purity is 99.83% (containing 24 impurities); when the temperature is
2000 K and the holding time is 2 h, the reduction rate of thulium is 85.4%, the yield is 84.3%, the purity is 97.12%. The
method of selective reduction has a remarkable effect on separation of rare earth from the enrichment, and it has some
effect on the removal of non-rare earth impurities.

Key words: thulium-ytterbium-lutetium enrichment; selective reduction; metallic thulium; metallic ytterbium; physical

chemistry analysis

Foundation item: Projects(21364007, 51563019) supported by the National Natural Science Foundation of China;
Project(2015MS0516) supported by the Natural Science Foundation of Inner Mongolia, China;
Project(01135005/047) supported by the Training Plan for Yinshan Scholars in Baotou Teachers
College, China

Received date: 2017-10-16; Accepted date: 2018-01-20

Corresponding author: XU Lin-cheng; Tel: +86-13664846973; E-mail: 18438602389@163.com

(mig £ B



