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AT EAE, vAD. Jongh HFEKXMEE T WA MK R IITRIE, 15 FH LT E N T LR GATAT R £ A
0.126%~3.654% (n=10), 4 5 89 M FAA 5 i+ F A8 A K — 5, I FE 4 94.00%~108.00%, H F La,0,, CeO,, Pr,0,,,
Nd,O, F#4# L 29 B A 0.11~022 mg/ g, ZF xR thik LREMR, LHBLEH LAY S EHT S
£ T F AR
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Determination of rare earth elements in heavy rare earth oxide enrichment
by X-ray fluorescence spectrometric method

SHEN Wenxin, GONG Qiliang, ZHANG Xiaoqiang
(Jiangxi Province Analysis and Testing Institute, Nanchang 330029, China)

Abstract The method was set up for the determination of rare earth elements content in heavy rare earth oxide
enrichment by X-ray fluorescence spectrometry. The synthetic specimen was used, pressed powder pellet that sample
and methyl cellulose were diluted with a ratio of 1 : 9. D. Jongh mathematical model was used to correct spectral line
interference and the sample matrix effect. The relative standard deviations of determination results of 15 kinds of rare
earth elements were in the range of 0.126%—3.654%(n=10). The determination values were in good agreement with
calculated values, and the recovery rates were in the range of 94.00%-108.00%. The detection limits of some oxides of
light rare earth elements such as La,O;, CeO,, Pr,O,;, and Nd,O; were in the range of 0.11-0.22 mg / g. This method is
simple, rapid, accurate, and it is able to meet the requirements of determination of rare earth elements in heavy rare earth
oxide enrichment.

Keywords heavy rare earth oxide enrichment; X-ray fluorescence spectrometric method; rare earth element; pressed

powder pellet
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|, 6 495 La,0,, CeO,, Pr0,,, Nd,O, [ &
WA A E R, GB/T 18882.1-2008 H1Hi,
TR B 48 B A R SR I E H - JC R AR
FEI°A 0.20% ~ 80.00% , AN BETH &2 FE A + ) s )
s L ICR I E L X SRTOOIRE A
T R B e K R R TR A PR R
BRI ER LRI B Gk A
FHEE WA T Ao R BT B SRR AR AR
%, MO AR G A, R R BRI, 38 T A
s B b L oe R I, (5 R 32 R RN
IR 2 1205752 B BRI

EH RN T A B R R 5 5 AT
Ar LR 109 WY LU B AR 7 A, [l s
X PRI BCA A D. Jongh e BiX 1A
2y 0 BB, WL TR AL HEA TR E 1,
DL X SN A A s %%EPE’J
i En R (DAY ER ) & 2 iE e g,
TRESACR  , BUANIG, A B e, 25 R4 A A, 1
A P ot E A ALY E Y 15 B TR
S
1 ZIHES
1.1 EZEZME5EA

X PRI : PW1404 B, fif 22 KA
Al

T EHL: TM-103 B, S0I T £ & B WL
HAHBR AT

FHEAE - DHG-9053A &, |2 554 PR )

La,0,, CeO,, Pr,0,,, Nd,O;, Sm,0,, Eu,0,,
Gd,0;, Tb,0,, Dy,0;, Hy,0,, E,0;, Tm,0;, Yb,0;,
Lu,0;, Y,0; b UERE &L b al, & E A NT
99.99%, MBI EIA (G B BHE FRA H 5

FT BRI bl

SR K R —IRZE K o
1.2 S TAE&MF

X FHRDEREAL) TAESEULE 1.
1.3 #Seyhl &
1.3.1 ARV & &

PR 2 RS BORE A TP A T AR
T Fl, B — 41N T BiRs A, 2 25 MR AR
TRES, B OU R AR 3. BARTECHI kT .

(1) bRAE & WORARERG B . A 15 P —
His T A AL BRAERE A, 430 B ) R — s AR

F1 X HERIGEREMUHTIESH

= T T O O
La La FL LiF200 50 50 82.93 1.6
Ce La FL LiF200 50 50 128.17 L5
Pr La FL LiF200 50 50 75.38 -1.1
Nd La FL LiF200 50 50 72.16 2.0
Sm LB FL LiF200 50 50 59.53 24
Eu La FL LiF200 50 50 63.61 -1.6
Gd La FL LiF200 50 40 61.13 0.8
Tb La FS LiF220 50 40 87.95 -1.8
Dy La FS LiF220 50 40 84.27 1.5
Ho La FS LiF220 50 40 80.86 1.0
Er La FS LiF220 50 40 77.65 -1.0
Tm La FS LiF220 50 40 74.70 -1.6
Yb La FS LiF220 50 40 71.95 -1.5
Lu La FS LiF220 50 40 69.36 -0.5
Y Ka FS LiF220 50 40 3390 -2.0/42.0

TE: FL—3 TRz I 5 5 SC—TAMRAGIN 5 5 FS— VL IR MG i
.
x2 ARERPEHLIEUNSELEE

i LA TAER /%
La,0, 0.1~1
CeO, 0.1~1
Pr,0,, 0.1~2
Nd,0, 0.1~3
Sm,0, 0.1~3
Eu,0, 0.1~3
Gd,0, 0.1~10
Tb,0, 0.1~10
Dy,0, 0.1~30
Ho,O, 0.1~20
Er,0; 0.1~25
Tm,0, 0.1~20
Yb,0, 0.1~25
Lu,0, 0.1~20
Y,0, 50~95

FRUE 45 . BRI 2.500 g 25 900 “C 1B iy A —Fis
T, BT 250 mL BEAR, INA 50 mL B3R AR
VWL s 1), AR A 2 5 At o 4 (U A S AL Al BT
TN EAL R ), R H EER, B A 250 mL &
i IRV ip oY e R s I | o s e R 7
(R 10 mg/mL. P53 56 15 Bl —F
A BRHEI S WA B 1,0.1 mg/ mL (U ARTE
i R

(2) NTA R EAE R AR 3 A
B S R i S R A AR i A L 4
() 15 Fh B —H 1 AL P Am HE I £ T (Bl bR AR
W) B —E BT 250 mL BEdR R, i AR H
FEMR R - AR Bl 250 mg. EFCH] 25 Fl A
A RURR A T
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*3 GRERPEHLIEUINEE %
F%5 La0; CeO, Pr;0;, Nd,0; Sm,O, Eu,0; Gd,0; Tb,0; Dy,0; Ho,0; Er,0; Tm,0; YbO, LwO;, Y,0,

1 0.7 0.8 0.6 0.1 2 0.2 0.1 0.8 0.1 3.6 20 1 5 15 50
2 0.2 0.2 0.5 0.4 1 1.2 0.5 0.5 0.5 1 0.5 1.5 20 20 52
3 0.1 0.1 0.2 0.2 0.5 3 0.8 5 30 2.2 2.5 0.6 0.4 0.4 54
4 0.3 0.3 0.3 0.3 3 0.2 0.2 1.6 15 20 1.8 0.6 0.2 0.2 56
5 0.4 0.1 0.4 0.4 0.6 0.9 0.8 1 1.5 1.6 25 6 2.5 1.8 57
6 0.1 0.4 1 1.5 0.8 0.6 0.6 2.5 1.6 5 3.6 20 1.8 2.5 58
7 0.25 0.15 0.3 0.3 0.4 0.5 1 1.5 0.6 3.5 1 2.5 25 3 60
8 0.9 0.9 1.2 2 1.5 1.5 0.1 1.8 20 6 0.5 0.2 0.2 0.2 63
9 0.2 0.2 0.2 2.5 2.5 2.5 0.2 0.1 0.2 15 7 0.2 4 0.2 65
10 0.1 0.1 0.2 0.6 0.6 0.2 1.5 1.5 1.5 1.5 15 0.6 0.6 10 66
11 0.8 0.8 1.8 2.8 0.2 0.2 0.2 0.2 7 1 1 15 0.2 0.8 68
12 0.3 0.3 0.3 0.3 2.8 0.3 0.3 1.2 1.2 0.6 0.6 0.8 15 6 70
13 0.25 0.25 0.35 0.35 1.2 2.8 1.6 0.3 8 0.3 1.6 10 0.5 0.5 72
14 0.45 0.45 1.2 1.5 1.6 1 0.2 0.7 0.2 0.5 10 0.8 7 0.4 74
15 0.6 0.5 0.25 0.45 0.25 0.55 0.7 0.3 10 8 0.8 0.7 0.3 0.6 76
16 0.7 1 1.5 3 0.1 0.1 7 8 0.1 0.1 0.1 0.1 0.1 0.1 78
17 0.1 0.1 0.1 0.1 0.2 0.2 0.4 0.4 0.4 0.4 0.4 8 10 0.2 79
18 1 0.45 0.5 0.5 0.35 0.45 0.15 0.2 5 10 0.15 0.35 0.4 0.5 80
19 0.35 0.3 2 0.15 0.15 0.15 1.2 10 0.25 2.5 0.3 0.25 0.15 0.25 82
20 0.15 0.25 0.2 0.1 0.6 0.3 10 3 0.1 0.4 0.1 0.3 0.1 0.4 84
21 0 0 0.1 0.2 0.15 2 4 1.2 2 0.2 3.5 0.2 0.15 0.3 86
22 0 0 0.35 0.25 0.30 0.25 0.4 0.55 1 1.5 2.5 1.8 3 0.1 88
23 0 0 0 0 0.25 0.4 0.35 2 3 0.1 0.2 2 1.5 0.2 90
24 0 0 0 0 0.35 0.1 0.15 0.1 0.2 1.2 2 0.4 2 0.5 93
25 0 0 0 0 0.1 0.2 0.2 0.3 0.3 0.4 0.5 1 1 1 95

(3) G UM LARIERE . S GB/T 14635-
2008 { #fs +- &)@ ML E Yttt
ERRIME ) R L T R BT
6.3.2 L3R, 1€ pH 4 2.0 B, FHELRR TLVE , SR I i U
YBE, i 25 A~E R LR
132 HEHHE

B UERE R R R R SE AR R DA b 10 9
(4 LU A8 T 3 BB BB 19 5, 7E 23 MPa I R
TR B 30 mm IR A, 70,

2 SER5iTE

2.1 FREAMeEF
2.1.1 X B Ko R fr i

G TR R AN 7 X OGAE, Hodw i fL A 60
KV, f KA 125 mA . 38 i B8 648 o I F el
JE,JHTRFINOCE X SR MPOERE . N TR
B 5, A IS 0 FUR LI, AR AT
TR TR S Hroe R 9OtmE ., — RIS T,
VEHEOEAE B I 50 KV, LT M 40 mA, g £
o LA BRI R BT B T R A
e £ La,0,, CeO,, Pr,0,,, Nd,O;, Sm,0;,
Eu,0; ) &% & — B AR, A S5 La, Ce, Pr, Nd,

Sm, Eu 6 FiocR MBI E R 50 m A, HEJTT
Z L E K 40 mA, &G I L
50 kV,
212 g%
TERERE T IB AT, ZER T /D R EIE Y
SRR, T oo R BRI, SR Z RIAF7EAH
B, B e A TR IR TR SR AR ERE AL 7E
XSSO CIEAL M, DUfE RO R M)
SITIBLE THRICR A R FBRMAIE . BT Y JC
RIEH K RIBLAL, HETR W L gL R, 5
JCRMFEEL LR 1.
2.1.3 A

PW1404 A X 5 2825 66184 45 A7 I Sk DU
2% (FL) FNIAKRASIN 28 (SC), 38 1T LI 2 5 Bk ] st
i (FS). BEHE—1EA 15 PR TR MG 141
YIRS TR B IR S AR R S5 T, 4 e 4
FL, SC, FS 3 il =X, M 45 J0 2R I 2O GoR B,
PERETTE R PRI &5 e a5 R IR 1.
2.1.4 K

PW-1404 Al X i £k % 665U & A LiF200,
LiF220, PE Il PX1 4 Ff fi{A&, LiF200 1 LiF220 B
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Pl PRI AT U 85 o0 R AR, e i 2
JEW, R 22, 5 RUE R 2, (B R
BT, DA R B ) SR AR - TR A,
LiF200 df A, 45 00 7 45 i i S A H T R A, 2
LiF220 dhff, e85 -3 1,
22 AR

P25 8 I B A5 PE T L 0 A5 AR i 1 28
S B 2 Y TP 0 2N A SRS () T
ATHEAL, 18 X BRSOG4 1 B A X
HEAT TR NSRS AL IE , >R FH D. Jongh 11
7, g AR A E Y TR LT RO
SRS S5 R S R R bR TR
2.3 T ERE A B

B — G AL s R H IR 1.3 Tk
FAE IR 10 MRER L AE 1.2 4088 TAE S F g7l
FE TR ICR S I E S R bR R 22 , LLZbRIE
TRZE 3 A5 VE A DT ks Hh IR, AH S5 W2 4.
12 4 AT, 258 1 70 2 AP 45 5 0 A XA
HEDR 22K 0.126% ~3.654%(n=10) , 3¢ B 1% 7 ¥ 1 kG
W, ] La,0,, CeO,, Pry0,,, Nd,O; 4 Fhi4H
FIC R A HIRS HH BR AR, vT LA R AR T ik i A
MR
2.4 EHERE

2 1.3 Jrikme il 2 08 So1 A S02 (k= m
[l ), 08 1.2 2% ik 2 SRR b AT I 5E
BRI 8 (SO T g, DL 7 vk O MERA
SRR 5. S A, A8 on E Ak Il
R A 94.00% ~ 108.00% , K 7 & 56 i + 0 2 A AH

x4 BEERRER

it e o T/ RSD/ KB/
i W2l /% %o % (mgg)

0.215,0.211,0.218,0.198,0.203,
La,0, 0.206,0.213,0.196,0.210,0.205 0208 3462 0.22

0.106,0.101,0.109,0.103,0.108,
Ce0; 0.098,0.106,0.097,0.107,0.102 0.104 3654 0.1

0.203,0.198,0.206,0.195,0.205,
Pr,0 0.199 2613 016
T 0.190,0.201,0.193,0.198,0.199

0.520,0.513,0.522,0.505,0.517,
Nd,0 0514 1264 020
= 0.504,0.509,0.519,0.512,0.520

0.500,0.496,0.511,0.489,0.498 ,
Sm,0; 0.485,0.486,0.497,0.505,0.493 0496 1653 025

1.012,0.985,1.015,0.973,0.996,
Eu,0 0993 1410 042
s 0.987,0.999,0.974,0.991,0.993

1.501,1.492,1.507,1.486,1.473,
1492 0.804 )
Gd,0; 1.504,1.498,1.483,1.479,1.501 22 080 0.36

2.005,1.945,1.961,1.955,1.991,
T 1. 1.114 )
0.0, 1.976,2.012,1.964,1.987,1.958 975 0.66

5.006,5.023,4.998,5.012,5.020,
Dy,0 5002 0354 0.54
s 4.981,4.975,4.986,4.994,5.023

4.036,3.958,4.017,3.965,4.013,
Ho, 992 .62 .
o:0; 3.977,4.002,3.976,3.997,3.981 399 0.626 073

4013,3.998,4.022,3.991,4.056,
Er, 4023 0746 090
20; 3.987,4.066,4.068,4.024,4.005

2.005,1.998,2.011,1.943,1.987,
Tm,0 1985 1310 0.78
s 1.994,2.023,1.955,1.983,1.951

5.015,5.034,4.988,5.048,4.978,
Yb,0 5010 0599 090
e 5.036,4.976,4.992,4.985,5.053

8.955,8.983,8.962,8.981,8.932,
Lu0s 9.016,8.987,9.001,8.973,8.965 89760267072

64.987,65.048,64.976,65.146,64.943
Y0, 65.102,64.895,65.116,65.035,64.963 650210126 246

K 94.00% ~ 108.00%, 1% & B %/ -0 Z 19 4H
R ZE R —6.00%~8.00%, E i LK AY) Y0, 1)
AT IR 22K —0.22% , Ui BHIZ 7 15 O R 5 v o

£S5 EBELRER %
UL : _ kR S01 _ A : _ Ak S02 _ A
THAE W2 (B ERORES = Wi THEE W (L XS 2E R
La,0, 0.25 0.27 8.00 108.00 0 - - -
CeO, 0.25 0.26 4.00 104.00 0 - - -
Pr,0,, 0.50 0.53 6.00 106.00 0 - - -
Nd,0, 0.50 0.47 —6.00 94.00 0 - - -
Sm,0, 1.00 1.05 5.00 105.00 0 - - -
Eu,0, 1.00 1.01 1.00 101.00 0.50 0.47 -6.00 94.00
Gd,0, 1.50 1.46 -2.67 97.33 0.50 0.50 0 100.00
Tb,0, 1.50 1.52 1.33 101.33 5.00 5.11 2.20 102.20
Dy,0;, 6.00 5.93 -1.17 98.83 1.00 0.96 —4.00 96.00
Ho,0, 2.50 2.54 1.60 101.60 1.00 0.99 -1.00 99.00
Er,0, 5.00 5.07 1.40 101.60 1.00 1.03 3.00 103.00
Tm,0, 5.00 5.04 0.80 100.80 1.00 1.01 1.00 101.00
Yb,0, 10.00 9.93 -0.70 99.30 3.00 2.96 -1.33 98.67
Lu,0, 5.00 495 -1.00 99.00 7.00 7.08 1.14 101.14
Y,0, 60.00 59.87 -0.22 99.78 80.00 79.82 —0.22 99.78
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