TEEaMNA

Multipurpose Utilization of Mineral Resources 215 »

54
2025 4E 8 A

DRI A LA 0 Nby Zry Gay Sc B ik

B, B, RARD, FHE D, REE

(1. FEMEREMNZERT ~EaFIRMRR, [ RE 610041; 2. REMBBAEE®H
THRIENBAEARCFTHC, I RE 610041; 3. P/ A/ HEARCIFH L,
)l m&ER 610041)

THE: @ EB A AR X AR 5, ASF AL S ANEE A R 7 R He . el B AR S8
FIDLAL LA B 53 J7 15 O v R B MURS 5 P2 Sy, VEARBIT AT 1 OB A 2 b 3L fEAE T8 Nb Zr. Gan Sc 70 #7
Jiik, TRV e AR I B R AR P B R BOE M BT WIE R . G REBYIERH m R R, 454 1CP-
MS, IRBIRG LA A JE R Nby Zry Ga. Sc X ARUEMRZE (RSD) $9MK T 5%, HIEICRERTE 96.2%~
103.6% 18], J7i%BA RAF PRy EANHER & RN R SR BGAL T &I ALO, F1 Ga,0, MR A FERN
SREVIEAOGR R, SR BLRG L BRI sr & IR — e ik 5 = 0

XA VUL IR, mIREMRE,; ICP-MS; 1EAX

doi:10.12476/kczhly.202505130080

hESES: 0657 NEARERS: A XEHS: 1000-6532 (2025) 04-0215-06

SIRMREC: XU, fR3E, 280, 5. DURMG LA™ P IR AE G Nby Zry Gas Sc 93T 5k D]. 0777 £r G A

FH, 2025, 46(4): 215-220.

LIU Shujun, XU Lu, GONG Daxing, et al. Analysis and research on associated elements nb, zr, ga and sc in

sedimentary rare earth ores[J]. Multipurpose Utilization of Mineral Resources, 2025, 46(4): 215-220.

SR SRR R THL. KET. TR DL
QU ) SRR AR, BESTIZ R TR .
Tolk BRZEEAUR, R 5 BHEARSEK
W L R Al . AR, E R N BLAE IR
POAHAR XU L X AT, B S R E AR
ORI — PR R ARG U B L. 1%
T EEWAA T LA, BT EERE N,
B B WL REOCEERM LT ERAN, AR E
BB, PR, B BESNESCE SR,

H AT R R TRV L 1R E LS HUT
FOW AL TSI B, fER L B E R
Bt fErr, FEA 62 Nb. Zre Ga. Sc I ]
AT E. N BBOSFE P m 4 S 1 R E W
g, AR IEEA 0 Nby Zry Ga. Sc 70 #r
RN T SR SRy NE 7 i AR IS 2 IV ST N =V 1

WimBEEE: 2025-05-13

IR L PR e R B K

XTI AR A TR A R O R T,
TH=E=mITRTEBERRIL, H5 A ®
A FRCAAERE R RE R, AR AT AR BE TV R R
AEH B TR A B AV, 2 BT
BRI RERE, JF B B2 00 21 70 3R 1 HER
IPHTIGE o X TR LA, T AR BT VRAT WO
BRI BV IERVE . BBESEN N MOT IR
TR DD IR S T B, 5 3 ik &5
RS BEENEFE LSRR SAMEs. B
HER, HOP EBCR AT . B R IR
N TR R S R A VAR, A B TR
VER LR SE R PR s e i, T H T
M, g TR R T R T A X g, B
& 7 s B R

HEL2WH: ExESHRTRHTE (2021YFC2900800) ; HEHFE RIEETH (DD202302041)
1EERN: XBE (1984-) , 2, Wit, TR, WM TE .


https://doi.org/

« 216 wrrga A

2025 4

CLBT RGOS L N FE X %, R HUE RS
FHABIX AFEIHLIX . A B A ARER MR+
CEAFEMCNSEIG RS, HEEFALIEMEAE TR
Nb. Zr. Ga. Sc Wi #r77iE, VLACEAFE IR B
B IRAR R R BOE ) S5 ), IR A X HE S
BRRYURRG LB ISR & R H B A BB .

1 % B

1.1 {XEEFF

FE JERE B &5 B TR R B X (ICP-MS), %5
NexION350X; #:2 (HCD . f§ER (HNO) . &
R (HF). mAM (HClO,). fiR (H,S0,) M4

Mg at, LAMB (Na,0,) NoHrdl, maiE
(Ar) 45K T 99.99%, F /K NBAK .
1.2 UEILESHNTK

ICP-AES T{EZfF: RF 1% 1300 W; A #H
5.12.0 L/min; Z A0S 0.7 L /min; 4B
£ 0.2 L/min.

FE f 03 T A £E NexION 3508 7 ICP-MS Jiii
WA AT, BTG AL E . A R BUE
SR E. FETERIERE, DA, Ak
V7= RS S BN B MR R,
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BV RGATAL, ICP-MS TAEZELE 1.

*& 1 ICP-MS (XBETIESH
Table 1 The working parameters of ICP-MS

AW FARR R/ (L/min)  AERRE/(L/min)  HBVRER/(L/min)  CRFRRIEAD OREEHEEIHE/mm
1400 1.0 16 12 88 1.1/0.7

ESE(PIEV & /i HENE X 15 B I [7)/(ms.) EEE 7€ DI [A]/s
B 3 3 10 40 60

1.3 #HmBratiE
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A HCI. HNO,. HF. HCIO, % & — 52 it 1 th g5 iy
BAMR 10mL, T 250 C #R L, HEE
T, BUR, A (1+2) F/K 15 mL $28, i
i~2 MERE, EAZE 100 mL HEIT, #
S)#500 . B[R SR 2 S H .
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2 H.
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HIHGEARAE, HREER. KHT 250 CH
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TH.
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ik E 4y, s, HELEES —HETAN
e T 750 C LA AR 15 min, HUH, ¥
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Table 2 Determination values of total rare earth and associated elements by different ore dissolution methods

B gt

P VYRR MO 1 VU -+ PR T 0 2%
: CJ-1 cJ-2 CJ-3 Cl-4 CJ-5 CJ-1 Cl-2 CI-3 CJ-4 cJ-s
TREO 2800 3546 2762 2053 1135 3021 3896 2871 2308 1238
Nb 228 265 269 258 277 235 260 268 258 271
Sc 27 30 45 18 23 30 27 48 19 23
Ga 57 63 66 54 74 64 60 67 55 71
Zr 1147 1787 1850 1207 1763 1353 1508 1920 1463 1820

. VYRR P R BRlLAs 1 22

LR CJ-1 cl2  CI3 Cl-4 CJ-5 CJ-1 Cl-2 CI-3 CJ-4 CJ-5
TREO 3071 4085 3158 2533 1295 2974 3970 2884 2470 1244
Nb 242 258 271 261 279 226 240 256 240 276
Sc 35 32 52 24 25 32 30 48 24 23
Ga 62 60 72 55 78 60 57 72 54 76
Zr 1668 1961 2016 1908 2071 1589 1898 1950 1895 2012
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Table 3  Selection of measurement isotopes and internal

standard
ek CiEVAS WHRTTR
Ga 71 1%Rh
Sc 45 1%Rh
Nb 93 1%Rh
Zr 90 1%Rh
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Table 4 Internal standards of isotopes of associated and co-
occurring elements and interference correction

FR% AR BT B (%)
$3c  WRh  BO,. CaH. SiO. CO,. AlO bR
NGa ®Rh ArCl. ClO,. ArP. Ce™. Nd™  fzuf
9OZr 103Rh */f\‘yﬁ
“Nb  '"Rh AsO itk

24 1EEEREWE SN

T H A1 B B S B U L AT M A
e [ AR EDD T, IR AR A 50 38 3 5 A A A
BEAT 1V IRISFAT AT, AT S50 A0 X A o A 22
(RSD) W1 J5 v ks 2 B, 3d at n v [0 i i 56
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Table 5 Tests on the precision and accuracy of the method

T JLE W5 {E/(g/t) RSD/% =2 /%
Ga 62 3.86 96.4
Sc 35 2.56 97.3
CJ-1
Nb 242 2.89 96.2
Zr 1668 3.12 102.5
Ga 60 2.33 98.3
Sc 32 2.89 101.9
CJ-2
Nb 258 2.42 103.6
Zr 1961 3.22 97.8
Ga 72 2.12 96.3
Sc 52 1.89 98.4
CJ-3
Nb 271 2.68 103.2
Zr 2016 2.98 102.3
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T JLE W 5E (B /(g/t) RSD/% R /%

Ga 55 2.87 96.3

Sc 24 3.45 98.5
CJ-4

Nb 261 2.73 99.1

Zr 1908 247 103.3

Ga 78 3.11 102.7

Sc 25 231 97.2
CJ-5

Nb 279 3.33 102.9

Zr 2071 2.98 98.5

25 HEERRERFEMREREFHXBUEER

M I FAE A T R AE VR SRR T RBUE R Y
MR TAE, SRIE 1. 2. NE1RE&ETE
MR R M SR I 45 SR I, TREO B R
B, 1 ALO; Fl ZrO, 132 H R RK, Nb,Os &FH
R, ER M EFEAL 30% LLR, K1)
KEH, XFEEHTH LTI EE, REE. &
B R TR (1 S 2 5 ) RN 4K, 2 45 R 1 AR o T
o WRFEIERR ) b T AR A R B A 1) 22 R IV

100 ' TREO EZZAND,0, B ALO, B 710,
80} l |
& 60t
Ex
X 40f
20f i L
0 N iL % q\. il Ru % %.:%
12345678910111213141516

AU 5
Bl BEIRHESHXTRRHEEXR

Fig.1 Relationship between rare earth leaching rate and
leaching rate of related elements
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Analysis and Research on Associated Elements Nb, Zr, Ga and Sc in
Sedimentary Rare Earth Ores

LIU Shujun'*?, XU Lu'*’, GONG Daxing'*?, YI Jianchun'?*?, ZHAO Chaohui'*?

(1.Institute of Comprehensive Utilization of Mineral Resources, Chinese Academy of Geological Sciences,
Chengdu, Sichuan 610041, China; 2.Rare Earth Resources Application Technology Innovation Center of
China Geological Survey, Chengdu, Sichuan 610041, China; 3.Sichuan Rare Earth Technology Innovation
Center, Chengdu, Sichuan 610041, China)

Abstract: Through comparative studies of different digestion methods for five ore samples with varying
grades collected from adjacent mining areas in Yunnan and Guizhou Provinces, combined with optimization
of instrumental parameters and accuracy precision tests of analytical methods, this research systematically
investigated the analytical techniques for associated elements (Nb, Zr, Ga, Sc) in sedimentary rare earth ores.
A preliminary exploration of their distribution patterns during selective leaching processes was also
conducted. The results indicate that high-pressure sealed acid dissolution combined with ICP-MS analysis
achieved excellent performance, with relative standard deviations (RSD) below 5% and recovery rates
ranging from 96.2% to 103.6% for all target elements (Nb, Zr, Ga, Sc), demonstrating high precision and
accuracy of the proposed method. Furthermore, selective leaching experiments revealed a strong positive
correlation between the leaching behaviors of Al,O; and Ga,0,, which provides valuable guidance for the

comprehensive utilization of gallium in sedimentary rare earth ores.
Keywords: sedimentary rare earth ore; associated elements; high-pressure sealed acid dissolution; I[CP-MS
or ICP-AES; positive correlation
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