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Fig.1 X —ray powder diffraction spectra of the samples

— 622 —



56 1

AR, A WU DTRE > 1 — R S B T ARSI A DI E AR T A0 TR R TR

038 %

2.2 WFEITIER G

SR AR T R - AR - AR -
AR (IR ) OTIRE EhIR - AHIR - AR - MR
R — BRBR (TR MUTRYS UMK — fi R B M K
MR A AN — I S A BB D b i Ak B 5 3 X
TR BT R 1 25 S P s ™ i S T 1
A1 I FRCR I B 5 1 R R AL BT 3 AR GE Y
B, DUR IO R DX 45 SR T 1 5 0K TR
WIOTF RS (Bt P R VA 06 0 7 T 0 1 TR T 2R A £
W AT i RS T LA T W) ks i B =
SO LB A AR AR IR A R . DY A2 A
TR LTS s SRR SR, B L
ST AT, (HR B A B 07 P 3R K
AT VA AR B A Ok

D RERE A AR AR e I D5 SR AR SCR
AU R MOT BRI TR R MO R AR
— B IR P ) MRk ARG A B — BR IR A
BRI 0 IR HE A $FA LA R AD MNP =2 947 T
TERESCER , BB R X R B L OCR AT E . di 3R 2
HR R RE (L AT L ok S A — B TR M R 125 AR AT A
S ICE I E (L Fr ey, 1T WU R WO IR 14 ik A O s
I (B A, X AT BE 2 04 A Al ) AN 58 4 7
ol T A A P A I R A SR BT e 20
fifes LR o TR R T AL B B A
KA AULHE , 3% 1] RE S F4F df b S AR A R A T
A IR FER R R S I ABRIR S , BISFC R AR T R
FRULVE , M TR AT 45 A AR I ., DU m] R A
A AN T8 s E A TR R B
FEGTTE M A% o B P Hs IRV I B Rl i U
WA DRI, Wi TR IR AR Z R S R
AR GRS RS, T ILT T S
+ICE M PR LA A A A B SR
WO AR L, HAL R BRI TR, 7K 5 AT L g
BEER LR RERRAR ARSI 7o TR
B S R L A, LRI AN I AR IR
B, T LA P T i fok ot A1 P D R L 1 S e
PRAN, DTS BRAT AR B 1 O 07 A0 A i 19 58 22
o, DA SCRE R F o S AL B - BRIR BIE 5 0%
FARSRE S DR T R0 i , Rl DR SR R W%y i
XHRE i (70 R SBOR LA
2.3 AREAOCERN

SR FH I A B0 — BRI BTR 5 0 G A A A2 il 2
figt e, 3 S LGN DUy b TR SR A B

2 AW RET B PRAE b MNP - 2 () i 1T 2 e
i
Table 2 Analytical results of REE in MNP — 2 with different

sample digestion methods
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WL L BEEAREE Bk
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Table 3 Residual content of coexisting elements ( wg/g, results were converted to sample content by 0.25g weighing amount )

MNP - 1 MNP -2
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Ba 18025 296 17510 232 29310 1136 28555 1112
Al 34770 8282 3106 2793 52526 14204 5027 4486
Ca 14303 428 8026 292 111652 2980 112635 3070
Fe 90997 83757 922 859 31034 27652 442 452
K 464 ND 156 ND 427 ND 191 ND
Na 185222 487 79675 433 247129 708 114542 721
Mg 6875 265 6963 124 6890 274 6317 267
Ti 4572 4551 3523 3868 1808 1817 1499 1470
Mn 1205 924 50 51 1452 1351 128 119
Sr 175 ND 183 ND 38330 566 37460 578
Cu 46.8 2.9 4.0 3.9 65.1 2.6 1.7 1.2
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T HAb T AL,

Er tJgZ TR ERICR . 6 DRARFAL
Fp'Er " Er 19 (R FREARME, A2 5] Dy B4
FRERGLR T, AR R 5% &, P
I s i 328 T 1) JB i 8 i e = B2 119 166, {H & A
TGO , i TR P AR L R, Er
Z | HE N0 T, " Er F17° Er W% Sm ALY
THELL I Yb i [A it e 28 T4 H8R m/z 167 4b
A4 o Y NdOH " SmOH L&' EuO {34k &
B T HeH /N, BT LAE ' Ex A S 58 i
o A Yb Lu 8550 R AR 35 32 T 1% 50 43 ) 16
BT Yb " Lu A A A

XoF 326 2 I o i A 32 B () T A 100 S i
17 7SR, AR DU A & e ) TR JT &= AR
WRAE A ot s B () S5 RO FE SR A T & IR sz T4
MR IE R b, 5 R EGE TR 4

4 R dooRMEFUR S THUBE £ 8

R YR R TP 1 ZR BRI s SR ) o
BPE IO 1 — AN [ B 00 i 1 00 R TR R v W g
T IEIA, La  Ce \Pr \Nd .Sm Eu ,Gd ,Tb Dy,
Ho .Er . Tm . Yb Lu B3 & 43514 1000 ,2000 450 .
1000 .,250.,50,100,50,100.,25,50 .25 .50 ,10ng/ml.,
AT TP ESRAT A5 R Gd i AX R 2258
32% ,Lh3R 4 s TR R BGHE T ROE S 45 R N
101ng/mL, 5ECHIMEEE VG, UERIRL IF 53 1B
2.5 Jiib i PRAERG

FRATTE IR 45 12 ke i i A 2 R
AT E , PAFRAE 5L 0. 25g 5@ 25 A 250mlL 46
12 AP Y. La,Ce \Pr.Nd . Sm Eu,Gd,
Th Dy Ho \Er . Tm Yb  Lu 3% B (png/g) 53
S7:0. 051,0.092.0. 078.,0. 011,0. 033,0. 007,
0.002.0. 009 .,0.001.0. 006.0. 001.0. 005.0. 001,
0.007.0.002, %5 ¥ La ,Ce .Pr Nd B9k LU &
PHBR Y (1 AR 2S (1 RS o5, 1 T g iy TR
FHAZE A A RS A RRERZE (),
DA BF Bk B2+ 3s) H 545 2 7 i de s R
(pg/g) 534 +:0.16 .0.36.0.21 ,0.04 0. 10.,0. 02,
0.005.0. 021.0.003.0.017.0. 005.0.018.0. 004
0.027.0.005png/g. HIK La Ce Pr 55K FRAH &
T ICHRIGE i 5 P BRI i R s B (DR T 58 A 1
e > 1000w/ g B 0 AT, 1022 DA 2
MR

R 25 50T VA W HER B, $ S IR i AR X A A
FRUEY) it GBWO7187 F1 GBWO7188 #4T T 43 #7,
H TR A bR ) B BCA R AR A A T,

Table 4 Measured m/z and the interference correction coefficient for rare earth elements

i vy PERE AL FHoex THREE(k) it BUTEEI TR THTE THRE (k)
La 139 - - Nd 0.0005330
Ce 140 - - Dy 163 Sm 0. 0036453
Pr 141 - - Nd 0. 0000450
Nd 146 - - Ho 165 Sm 0. 0009010
Sm 147 - - Nd 0.0001986
Eu 153 Ba 0.0003837 Er 167 Sm 0.0001243

Ce 0. 0000332 Eu 0. 0023075
Pr 0. 0000330 Sm 0.0001023
Gd 160 Nd 0. 0262500 Tm 169 Eu 0.0005733
Sm 0.0011850 Ce 0. 0000098
Dy 0. 0939759 vb 172 Gd 0.0125540
Ce 0.0001934 Ce 0.0000363
T 159 Pr 0. 0000568 Lu 175 Gd 0.0003113
Nd 0.0027455 T 0.0151550
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PR S AR, DR A S 30t X R v Bl AT 1 3
PRBINER A SE 5, RIE 0. 25 AREY) B I 10mg
TR IR SR M9 AE dh T R R S5 . ARiER R 1Y
IITESR B S h o PIPERG LB frAR R Bk
A BT 4 A S S I T DL C R B b (4 20 A 45
BeA WL 225, F B VGE EWI B xR ZE 4R
TE10% LLT R AAS J5 i Al ol 56, B ah b2 547
TERICE AR R

#5 bRiE e R

Table 5 Analytical results of REE in reference material samples

GBW07187 GBW07188

Wit
jeze | WEM WEM MBUSNES | GEE WEE BUEEE

(ne/g) (ne/s) (pg/s) (ng/g) (ng/s) (pg/g)
La | 2132 2100 2067 1961 1817 1784
Ce | 171 165 160 431 391 392
Pr | 546 556 548 737 680 681
Nd | 2058 1903 1947 3429 3213 3246
Sm 569 526 526 1725 1831 1821
Eu | 826 8.32 8.23 18.9  20.5 20
Gd | 79 79 791 2169 2156 2148
T | 162 150 154 468 454 450
Dy | 1046 969 972 3224 2979 2947
Ho | 201 196 199 559 536 536
Er | 595 604 601 1749 1769 1756
Tm | 72.6 743 76.1 271 251 252
Yb | 448 427 428 1844 1737 1706
Lu | 56.7 59.9 59.2 264 43 249
Y | 6300 6464 6491 17009 17130 17400
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Table 6  Analytical results of rare earth elements in practical

samples
MNP -1 MNP -2
it
FTE IR ST RSD JIRER SN RSD
(ng/g) (%) (ng/g) (%)
La 15805 1.0 10780 0.5
Ce 21023 1.4 15108 1.7
Pr 1664 2.2 1272 1.6
Nd 4934 1.4 3545 1.6
Sm 348 1.7 299 1.4
Eu 52.7 1.5 60.4 1.3
Gd 106 4.6 111 1.3
Th 5.83 4.3 7.04 3.2
Dy 30.6 0.8 30.6 1.7
Ho 4.72 0.8 4.14 2.3
Er 11.8 1.4 8.45 1.3
Tm 1.78 0.5 1.01 1.0
Yb 11.2 1.7 5.82 3.3
Lu 1.77 3.9 0.77 3.7
Y 140 0.6 145 1.5
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Fig.2  Chondrite — normalized REE patterns of samples
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Determination of Rare Earth Elements in Barite — associated Rare Earth
Ores by Alkaline Precipitation Separation — Inductively Coupled Plasma —
Mass Spectrometry

DONG Xue —lin'*?* | HE Hai —yang' >, CHU Qin', QIU Xiu — mei' , TANG Xing — min'"
(1. Hubei Province Geological Experimental Testing Center, Wuhan 430034, China;
2. Key Laboratory of Rare Mineral, Ministry of Land and Resources, Wuhan 430034, China;
3. School of Chemistry Engineering, Huazhong University of Science & Technology, Wuhan 430074, China)

HIGHLIGHTS

(1) The content of rare earth elements in barite — associated rare earth ores was accurately determined.

(2) The separation of rare earth elements from barium and other coexistent elements was realized by precipitation of
ammonium hydroxide after alkali fusion.

(3) The interference correction coefficient method was used for deducting the mass spectrum interferences of light

rare earth elements on medium and heavy rare earth elements.
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ABSTRACT

BACKGROUND: When inductively coupled plasma — mass spectrometry (ICP —MS) is used to determine the rare
earth elements (REE) in the barite — associated light rare earth ores, Ba and light rare earth elements La, Ce, Pr,
Nd, Sm, cause severe mass spectral overlap interference to the medium and heavy rare earths. Therefore, under the
condition that complete digestion of oress, if the appropriate pretreatment method can be selected to achieve effective
separation of the target elements from the matrix, it will be beneficial to reduce mass spectrum interferences.
OBJECTIVES: To reduce the mass spectrum interferences by establishing a simple and effective pretreatment
method for separation of rare earth elements from barium and other coexisting elements in barite — associated rare
earth ores.

METHODS: The barite — associated rare earth ores samples were fused with sodium peroxide and sodium
carbonate. After dissolution of the fusion cake, the target REE and the undesired barium were precipitated in
triethanolamine solution, but some matrix elements like Si, Fe, Mg, and Al in samples, and most fusion agents,
were separated by filtration. The target REE were secondly precipitated in ammonium hydroxide after dissolution of
the precipitates by acid, so that Ba, Sr and Ca could be separated from REE. The separation exceeds 96% , so the
mass spectrum interferences caused by barium polyatomic ions were effectively reduced. In addition, the
interference correction coefficients by measuring the interference concentration at m/z 138 — 175 of the high
concentration lighter rare earths standard single element solution were adopted to account for the oxide and
hydroxide overlap problem for the determination of middle and heavier rare earth elements.

RESULTS: The validity of the method was evaluated by analyses of rare earth ores certified reference materials and
the results were in good agreement with certified values ( IRE| <10% ). For the actual sample analysis of the
barite — associated rare earth ores, the relative standard deviations (n =12) were from 0.5% to 4. 6% , which
proved that the method can be used to analyze rare earth elements in high — Ba ores.

CONCLUSIONS:; The results demonstrate that this method is both practical and effective for rare earth elements
analysis in barite — associated rare earth ores.

KEY WORDS: barite; rare earth elements; sodium peroxide — sodium carbonate melting; precipitation

separation ; barium; inductively coupled plasma — mass spectrometry
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