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Table 1 Operating parameters for ICP-MS measurements.
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FAA 0.9L/min )2 s i) 31s
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Dy. Ho. Er, Tm. Yb, Lu FIRAIEM, S0 KR EY
A 20ng/mL, AR 5% REPR A 5% Ehg .

T IEH W Ba, Ce, Pr, Nd HLGEFM,
FEYN Tpg/mL, /53900 k 5% RSERFT 5% ERFR .

WARE: 10ng/mL Y Rh, Re IR AR, /K
I3 N 5% TEFRFN 5% R . AR W T 5 ) 3
i —HEAELRINA

TR, £hi2 . SRR BV M4 iR . =&
W% R ali; s 4L S MOS 2% Wik Zrdrali; i
alizK: FLFHA R T 18MQecm.

1.3 FERCRIE SR BET5 1%

S AR Sl SR A R U Ml X4 7 A 1 W o 7
i T FE S, dn5 40 9 ok LO3, L05, L14, 122, L20,
L28, #e MR CA A A A2 B 7 s B B — R
E ) (GB/T 14505) (AR SCHLAE , In TAE S ARLAR /N
F 74pm, F 105°C HAEHET 2h, 5 H .

XERE S ST IR A T (CHLR ) T A . SRR I A
B TR VA A . B TR 0 0= A P T AR P O A O R
wr.

(DIRA TR (FR): FREL 0.1000g £ /5 & T
30mL RV LA, A 3mL £hAR . 2mL AR .
3mL SR ImL =R . ImL 50% Filig, 55 L3R
i, FEHE S TR A IR R R I, TR A, TR
JER 130°C 20 FE s 2he Ve iR S5, s fa Bl Tt
TRZE 150°C, RS2 AAE b 2h, SR 5K B HE 2
180°C ZE 2 AU E /L. HUN R, B2 %=,
FH 50% ER R st S BE , FCZE FE BV 1 RS R,
HEFREBAHZ, BEREIL R, B
TFHER, A 10mL 50% R R, K HE R CE 78 F 3R
L ER 2 15min, BUFHIRR A EE R, %R
F S0mL A, KRS, A8 . i
il £ UL 2.50mL, #i B2 10.00mL, $#52], I H TR
AR TH R L R DUV T


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

555 1

Kz, A SRR TR 07 b L oT R A FTAL BT 240

a2t

(2) s ER T - FREX 0.3000g ££4h B T 100mL 5
e, A 20mL 50% fiSR, AR B KAW)E, ¥
MEEE, HKEAZE 100mL, 8k E R
10mL FH 5% REPRE 25 ZE 100mL; I A il B2 T f A i
RIS

(3) B R+ 48 Ak 1 A - PRI 0.3000g it
F 100mL FEARH, LA 20mL 50% FiSER A1 0.5mL iz
FALE, MR KRG, BEEFR, HKER
% 100mL, BH EIRE I 10mL H 5% AR 5 2
100mL; b A R Al S8 Ak S T AR i 1o DUV TR o

(4) %k iR +i 480 A6 S0 i FRIL 0.3000g A 5 &
F 100mL B, filA 20mL 50% L2 A1 0.5mL i
AALE, MR KRG, RHE=ER, HIKER
% 100mL, BH IR 10mL H 5% e w2
100mL; It Rk R Filisk S Ak S AR A R DUV R

(5)BRBR 245 FREX 5.00g ££ 5% B T 50mL &5
L A 2.5% Wi PR 2 % W 40mL, $725) J5 i
24h, HUImL 35, A 5% 802 9mL, oM B R
BOR R IBORE S R DUV VR

JITA T A 385 3 i) 28 1 SR O T A 2 (]
17,

1.4 FESIE

Fie I8 ICP-MS #VE R I sl (a8, (A% Sk R
FeuE 30min LA 1o FAXES R T S 8 0n A
R 39 1 P AR AR ZR 0 e Vs v P 1
139La\ 14OCC\ 141PI\ 142Nd\ ISZSm\ 153Eu\ ISSGd\ 159Tb\
164Dy\ 165H0\ 166EI\ 169Tl’1’1\ 174Yb\ 175Lu\ SQY\ 4SSC;j\:
16 FoT R, [FIRHE 2 AW . LU TR
REIE Bk W R AR L R L T8 L7 L R
TH A5 1% g 32 B 22 BEAARR DG T ) B RS VA WL
DAREARR S 350 2 H () SR

TRATR I R & TR 0 41 R — bR i)
it GBWO07160, GBWO7161 #E7 5if Wa #2¢; HoA Rk
B30 bR i X i A B R A T AR

2 SR
2.1 FESTAERR ST IR G
2.1.1 RATR(HRR) IHM Tk

TRATR (CHR) T AR JE T 2 L DU R TR A 1 1Y)
FhhZz b WEEOT, R A SRR
JE R T AR S8 A A A, R R pE R Eh A5 1 40
BN R LR, 51 AR 2 A R A, &
s ARG 51 R AEA RO THEE R
AR, FIRH R RS S ek T, B

AR TETES s L AL 04 4 ik, AL B b o G
F A TTTE o X T B F W BT 0, FO R L
TP T e — i A T A B & 2o i
T S PR o0 R o AR R
GBWO07160 F1 GBWO7161 % o4 11 ff vk #E 47 Wa 422,
W5 S5 BB EARMEETE BN (5 2) . B, ARER A
iR (TR ) T ik ) 235 SR R A i v < A s

#F2 GBWO07160 fl GBWO07161 R IR EEE (TLEE) 5 MR
EGER (n=3)
Table 2 Analytical results of GBW07160 and GBW07161

determined by open mixed acid digestion (n=3).

. GBW07160 GBWO07161
sz | HRRIEMAER FRIE(E HRRIEMEER bR
(pglg) (ng/g) (pglg) (nglg)

Sc 6.22 5.67 ~6.98 8.29 7.69+0.59
Y 2383 23864205 965 976+47
La 85.3 93.8+8.5 2271 2362145
Ce 24.7 28.3+4.1 178 1878.1
Pr 338 372 440 447424.8
Nd 170 189+17 1568 1595+86
Sm 115 129+17 286 285425.9
Eu 1.10 1.55+0.26 62.3 64.8+3.63
Gd 210 234 234 226426
Tb 46.4 49.145.1 31.6 34.6£2.2
Dy 315 314444 182 183417
Ho 68.1 65.5+5.4 319 35.744.0
Er 207 192426 90.1 9649
Tm 26.8 27.7+3.1 12.3 13.241.1
Yb 184 193426 78.1 87.8+11
Lu 24.9 26.7+2.6 11.24 12.040.88
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DAL RO LR AR RO ZE S, O P IRGTR(TL DL CUVAAY . BRIRER . BRIRER S5 I8 A 1E 9 L,
W2 )T A 4 R fie e, TR T A . THIR AL AL 20 MR . TIBRIR IR PRI RETA ) B AR LY S B — 2
LR A AL ST AR AR, IR TR G IR (TR) 2.3 koo s R AA IR SR RS SR
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Table 3 Recovery rates of added standard tests (n=3).

- PR T fo TR+ SR K i R+ XUEAUK I TR ER R
D000 N 12 = N 11 G 15 7 == o 111 == o 111 SO 11 = G 11 R 1114 177 == o 111 1 (' = G 113
(pg) (pg) (%) (ng) (pg) (%) (pg) (pg) (%) (pg) (ng) (%)
Sc 6.00 6.48 108 6.00 5.96 99.4 6.00 5.43 90.5 200 2154 108
Y 6.00 6.50 108 6.00 5.72 95.3 6.00 6.19 103 200 183.2 91.6
La 6.00 6.84 114 6.00 6.86 114 6.00 5.99 100 200 212.9 106
Ce 6.00 6.29 105 6.00 6.53 109 6.00 6.60 110 200 208.1 104
Pr 6.00 5.75 96 6.00 6.08 101 6.00 7.12 119 200 192.0 96.0
Nd 6.00 5.66 94 6.00 5.92 98.7 6.00 6.40 107 200 177.9 89.0
Sm 6.00 6.43 107 6.00 6.57 109 6.00 6.49 108 200 203.4 102
Eu 6.00 6.14 102 6.00 6.28 105 6.00 6.18 103 200 200.6 100
Gd 1.50 1.44 96 1.50 1.70 113 1.50 1.61 107 80.0 80.4 100
Tb 1.50 1.62 108 1.50 1.68 112 1.50 1.63 109 80.0 80.2 100
Dy 1.50 1.45 96 1.50 1.67 111 1.50 1.64 109 80.0 80.1 100
Ho 1.50 1.61 108 1.50 1.61 107 1.50 1.57 105 80.0 82.8 103
Er 1.50 1.62 108 1.50 1.67 111 1.50 1.37 91.6 80.0 84.3 105
Tm 1.50 1.55 103 1.50 1.57 105 1.50 1.57 104 80.0 80.9 101
Yb 1.50 1.60 106 1.50 1.63 109 1.50 1.60 106 80.0 77.7 97.1
Lu 1.50 1.50 100 1.50 1.56 104 1.50 1.58 105 80.0 83.7 105
- 4 TR % _ TR+ WA K T fige R BRI fig 4 TR Fici= 4
128 Jinbri Wkt WeR | bR Wit ek | bR Wi e | bR Wt [
(ng) (ng) (%) (pg) (ng) (%) (pg) (ng) (%) (ng) (pg) (%)
Sc 6.00 6.55 109 6.00 6.55 109 6.00 5.87 97.9 100 106.6 107
Y 6.00 6.10 102 6.00 6.27 104 6.00 5.92 98.6 100 105.1 105
La 6.00 6.76 113 6.00 6.88 115 6.00 4.93 82.1 100 107.6 108
Ce 6.00 6.18 103 6.00 6.56 109 6.00 6.14 102 100 106.8 107
Pr 6.00 6.16 103 6.00 6.10 102 6.00 6.68 111 100 110.9 111
Nd 6.00 6.13 102 6.00 6.19 103 6.00 5.04 84.0 100 116.6 117
Sm 6.00 6.55 109 6.00 6.45 107 6.00 5.95 99.2 100 98.9 98.9
Eu 6.00 6.35 106 6.00 6.31 105 6.00 6.17 103 100 118.4 118
Gd 1.50 1.64 109 1.50 1.79 119 1.50 1.75 116 4.00 4.09 102
Tb 1.50 1.61 108 1.50 1.54 103 1.50 1.56 104 4.00 3.88 96.9
Dy 1.50 1.44 96.0 1.50 1.70 114 1.50 1.57 104 4.00 431 108
Ho 1.50 1.61 107 1.50 1.57 105 1.50 1.55 103 4.00 4.17 104
Er 1.50 1.56 104 1.50 1.69 113 1.50 1.46 97.1 4.00 3.92 98.0
Tm 1.50 1.52 102 1.50 1.49 100 1.50 1.53 102 4.00 4.03 101
Yb 1.50 1.51 100 1.50 1.56 104 1.50 1.50 100 4.00 3.61 90.3
Lu 1.50 1.52 102 1.50 1.55 103 1.50 1.52 102 4.00 4.01 100
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Table 4 Content and extraction rates of REEs by different pretreatment methods (n=3).
YN 1] oA A= DA LR P
. NG T B A R I 45 2R (pg/e)
RIS IR L20 128 122 L4 L05 L03
RATT® 208 344 310 511 771 152
FiETivd 178 275 276 439 752 109
iR+t A AL 176 265 272 444 737 113
R+t AL 175 259 267 419 707 119
BRR R 19.0 106 160 308 581 15.4
o IS T WA A A S R (%)
RIS RS L20 128 122 L4 L05 L03
FiElivd 85.6 79.9 89.0 85.9 97.5 71.7
fiFR+id A A 84.6 77.0 87.7 86.9 95.6 743
g+ AR 84.1 75.3 86.1 82.0 91.7 78.3
iR R 9.1 30.8 51.7 60.3 75.5 10.2
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Extraction rates of Sc, Ce and ) REE by different pretreatment methods.

Fig. 1
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Fig.2 Extraction rates of LREEs by different pretreatment

methods.

— 882 —

B, BT AR ME R oo R, IRBCR WA T
(2 FirlEl 3) . 42(Y) S8R TTR A TRMmALFE
A, 58k (Ho )t EA MBI A B 2142 (YT 0.088nm,
Ho® 0.089nm), FIMCKE Y R T +—41 1) . M
3 WAl DAL IR, 78 [ —Fh i b 37 %74, Y 1 Ho
HAMIEEEICR . KBGO0 B 1 i ies
T EM L, B ROr RIPCR 526+ B &
(BR Ce ISR RECR (K] 2) , HAf - AcERICR
G O EPRPCRIEA (K 3) .

(a) AR
| #GdeTb=Dy=HomY lErlelelLulZHREEl

120
100
80
60
40
20
0

PR (%)

(b)fiFR+Ht AL &
[#GduaTb=Dy=HosY =ErsTms Ybs Lus Y HREE|

120
100
80
60
40
20
0

PR (%)

(o) Hh M+ AL
[=Gd=Tb=Dy=HosY =Ers Tma Yb= Lu= Y HREE]

120
100

PR (%)

(d)Bi P 4R
[=GdsTb=Dy=HosY s ErsTms Ybs Lus Y HREE]|

L20 L28 L22 L14 LO5 L03

B3 RS AL BT i G o R R
Fig.3 Extraction rates of HREEs by different pretreatment

methods.
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Discussion on Pretreatment Method for Extracting Rare Earth Elements
from Weathered Crust Elution-deposited Rare Earth Ores

ZHU Yun', GUO Lin', YU Tingting', LU Ran', ZHANG Lei', QU Wenjun', DING Hongrui’,
MA Shengfeng'”
(1. National Research Center for Geoanalysis, Beijing 100037, China;

2. School of Earth and Space Science, Peking University, Beijing 100871, China)

HIGHLIGHTS

(1) The extraction efficiency of rare earth elements in weathering crust elution-deposited rare earth ores is affected
by the chemical characteristics and occurrence state of rare earth elements.

(2) Because the ionic radius of Sc** is obviously smaller than that of other rare earth elements, its extraction rate is
low.

(3) The different enrichment and differentiation characteristics of Ce make the extraction rate of Ce by ammonium

sulfate leaching inconsistent with other rare earth elements.

ABSTRACT

BACKGROUND: Weathered crust elution-deposited rare earth ores are the dominant mineral resources in China!'~!.
The occurrence of rare earth elements (REEs) in weathering crust elution-deposited is very complicated. At present,
the “ionic” rare earth extraction process can only use the “exchangeable adsorption state” rare earth elements, that
is, the “ionic phase” rare earth elements, and other phase rare earth elements cannot be effectively recycled'®. How
to effectively dissolve various forms of rare earth elements in ion-adsorbed rare earth ore is very important to

improve the utilization rate of rare earth resources.

OBJECTIVES: To compare the extraction efficiency of REEs in weathered crust elution-deposited rare earth ores

by different pretreatment methods and discuss the influencing factors.
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METHODS: Five pretreatment methods, being open mixed acid digestion (HCI+HNO,+HF+HCI10,+H,SO,), nitric
acid digestion with or without hydrogen peroxide, hydrochloric acid digestion with hydrogen peroxide and
ammonium sulfate leaching, were used to extract REEs in six rare earth samples from the Nanling area. The content
of REEs in samples was determined by ICP-MS.

For ion-adsorbed rare earth minerals, the open digestion method of five acids can replace the complicated alkali
melting method for the determination of REEs in samples under certain conditions. Nitric acid, hydrochloric acid

digestion or ammonium sulfate leaching can only dissolve part of REEs in ion-adsorbed rare earth samples.

RESULTS: The amount of REE extracted by different pretreatment methods is quite different. The results of mixed
acid digestion (five acids) are the highest; the results of nitric acid with or without hydrogen peroxide digestion,
hydrochloric acid and hydrogen peroxide digestion are similar. The amount of REEs dissolved by nitric acid or
hydrochloric acid digestion is slightly lower than mixed acid digestion. The amount of REEs dissolved by
ammonium sulfate leaching is the lowest. The amount of REEs dissolved by 50% nitric acid, hydrochloric acid and
other digestion methods accounts for 75.3%-91.7% of the total phase REEs, and the amount of REEs dissolved by
ammonium sulfate leaching (ionic phase rare earth) only accounts for 9.1%-5.5% of the total phase REEs.

The extraction rate of scandium (Sc) is much lower than that of total REEs in nitric acid and hydrochloric acid
digestion, and Sc can not be dissolved by ammonium sulfate leaching. There is no correlation between the extraction
rate of cerium (Ce) and other REE, the total extraction rate of light REE or the total extraction rate of REEs.

The difference of the results by different pretreatments is closely related to the occurrence state of REEs in the
samples. Mixed acid digestion can completely destroy the structure of the sample, and all the REEs in the sample
can be dissolved. The REEs are differentiated and enriched in weathering crust layers. Some REE:s still exist in the
form of mineral facies after weathering. The content of REEs in ionic phase is closely related to weathering degree
and mineral composition of each layer of weathering crust. Proportion of REEs content in different parts of
weathering crust is not the same. Hydrochloric acid or nitric acid can dissolve REEs in the ionic state adsorbed in
clay minerals or iron and manganese oxides, as well as REEs in the form of carbonates, phosphates, etc. Some REEs
exist stably in silicate mineral lattices that cannot be completely dissolved by nitric or hydrochloric acid.
Ammonium sulfate leaching can only dissolve the ionic REEs in the sample, so the digestion result of hydrochloric

acid and nitric acid is lower than that of the whole phase REEs, and higher than that of ammonium sulfate leaching.

CONCLUTIONS: The differences and influencing factors of REEs extracted from ion-adsorbed rare earth samples
by different pretreatment methods are discussed, which can provide reference for further research on the extraction
methods of REEs from elution-deposited rare earth ores. Mixed acid digestion can extract the full phase REEs in the
weathered crust eluviated rare earth ore sample, which can be used to evaluate the total amount of REEs in the
weathered crust eluviated rare earth ore. Nitric acid digestion, nitric acid and hydrogen peroxide digestion,
hydrochloric acid and hydrogen peroxide digestion cannot dissolve REEs in the silicate structure completely.
Therefore, this method is suitable for evaluating the content of REEs in the form of ionic states, oxides, carbonates
and phosphates in samples. Ammonium sulfate leaching can be used to evaluate the content of ionic phase REEs in
weathering crust leaching type rare earth ores.

The extraction rate of REEs is greatly affected by the chemical characteristics and occurrence state of REEs.
Because the ionic radius of Sc** is obviously smaller than that of other REEs, Sc* can enter the crystal lattices of
many rock-forming minerals in the form of homogeneity, which results in that ammonium sulfate leaching cannot
— 884 —
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dissolve Sc. Only a small amount of Sc can be dissolved by hydrochloric or nitric acid digestion. The different

enrichment-differentiation characteristics of Ce and other REEs also make the extraction rate of Ce by ammonium

sulfate leaching inconsistent with other REEs. The REEs with similar ionic radii often have similar extraction

efficiency in the same pretreatment.

KEY WORDS: weathered crust elution-deposited rare earth ores; sample pretreatment; rare earth elements (REEs);

acid digestion; ammonium sulfate leaching; I[CP-MS
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