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Table 1 Measuring conditions of analyzed elements
TR 7 S S A S L L i i
Channel Line Crystal Collimator/ Detector Voltage/  Current/ Detectlono angle Backgrounﬂd angle PHD
pm kV mA 20/ 20/
Y Ka LiF200 150 Scint 60 60 23.7972 0.814 8 21~81
Gd LB1 LiF220 150 Scint 60 60 53.5846 —0.9464 30~78
Eu La LiF220 150 Flow 60 60 63.568 2 —0.3730 15~65
Sm La LiF200 300 Flow 60 60 66.2534 —0.5640 14~65
Pr LB1 LiF200 300 Flow 60 60 68.2438 0.5772 13~62
Ce LB1 LiF200 300 Flow 60 60 71.6280 —0.6862 12~62
Nd La LiF200 300 Flow 60 60 72.1436 1.9678 12~63
La La LiF200 300 Flow 60 60 82.9256 1.2534 11~66
1.2 iKH T AR, b AL R A I o A5 AR R AT I
XRF £ IR AR L (Li,B,O;) * m(LIBO,) = 1.4 #REFERAEE

33+ 67]; NH,NO, #l LiBr ¥J 443 #r 4l ; NH,NO,
. 500g/Ls LiBr % #: 100g/L; P10 S 4K (90 %
Ar-10%CH,) .
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0.5000g B (105°CHE 2h) Fl 7. 0000 g 1R A 4 7
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0.2mL LiBr %W . 2R J5 76 5 & A AR 7 T, 41
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Table 2 Content range of rare earth oxides in

calibration samples w/%
Moy T 5y Y
Component Content range Component Content range
Las Oy 0.15~13.90 Sm; O3 0.013~1.18
CeO; 0.023~25.66 Eu; O3 0.0011~0.17
Prs O 0.044~3.91 Gd2 O3 0.006 8~0.244
Nd; O3 0.055~10.11 Y203 0.007~0.19
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Table 3 Calibration curve parameters for rare earth oxides

AT st A5 A A o i v it i R A A i R
. iy Calibration curve of low grade rare earth samples Calibration curve of high grade rare earth samples
COMPONRt T i Intereept B0 Slope  MUrK RMS R Intercept | B Slope 7ML RMS
La; Oy 0.006 36 0.24544 0.032 14 —0.36931 0.28723 0.259 64
CeO, —0.00991 0.24710 0.056 77 —0.57344 0.30535 0.20298
Prs On 0.00153 0.022 54 0.02174 0.189 26 0.23490 0.09876
Nd; O3 —0.01928 0.13998 0.02945 —0.296 98 0.176 78 0.13924
Sm; O 0.006 44 0.12024 0.004 02 —0.06532 0.19201 0.016 96
Euz O3 0.001 35 0.24567 0.002 59 0.01195 0.208 36 0.002 31
Gdy O3 0.02356 0.75762 0.01546 0.03162 0.18597 0.055 36
Y;0s5 —0.01767 0.00693 0.00399 —0.02287 0.01082 0.006 09
2.3 FHiEWHR 4 BHR
BB o 2 41425 B 5 90 3 7 4 10 0 2 Table 4 Detection limit e/
S TR R ] DI ER R (L) il R il i R
Component  Detection limit Component Detection limit
3 I, Las O3 60 Sm; O3 38
Lo="" N D CeO, 61 Eus Os 159
PrsOn 26 Gd; O3 38
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BITARENRHNBEEELBRER (n=7)

Table 5 Precision test results of rare earth ore CRMs

AES iy 52 5 b A i ) ol 2
Eiky

Component

(GSB04-3549-2019)

Calibration curve of low grade rare earth samples

TR A i o = L R v 3 A2
Calibration curve of high grade rare earth samples
(GSB04-3309-2016)

%€ {6 Found w/ %

M FRAER 22 RSD/ %

W52 5 Found w/ % A FR AR 22 RSD/ %

Lay Oy 1.01 0.28 8.27 0.20
CeOy, 2.20 0.27 14.41 0.24
Prs On 0.25 1.8 1.54 0.23
Nd; O3 0.77 0.31 4.08 0.33
Sm; O 0.063 3.5 0.29 0.71
Eu: O3 0.007 13 0.066 1.9
Gd; O3 0.032 5.4 0.11 0.48
Y, 05 0.028 1.7 0.087 1.2
F 6 MEREIBURIE LR
Table 6 Results of recovery test
B b i b REO 7 i B REO JinA 4 REO il 7 & ] i
Sample Sample Background value Added of Total found of Recovery/
No. mass/g of REO/mg REO/mg REO/mg %
0.4900 12.50 10.00 22.20 97
DXT-01(wgeo=2.55%)
0.4800 12.24 20.00 31.75 96
0.4500 110.88 50.00 161.15 100
GXT-01(wgrro=24.64%)
0.4000 98.56 100.00 196.55 98
7T By EPBLIEUYHNESER
Table 7 Determination results of rare earth oxides in rare earth ore samples w/%
4y GSB04-3550-2019 YP-19-1# GSB04-3311-2016 YP-19-2#
Component  jj =& Certified XRF ICP-AES XRF INEH Certified XRF ICP-AES XRF
REO 9.98 9.98 0.97 1.03 51.85 51.49 55.46 55.53
Laz O, 2.57 2.55 0.15 0.18 13.64 13.47 16.52 16.67
CeO, 5.07 5.01 0.50 0.50 26.58 26.69 22.20 22.51
PrsOn 0.51 0.51 0.085 0.080 2.66 2.78 5.01 4.77
Nd; O 1.59 1.67 0.16 0.19 7.93 7.40 10.11 10.14
Sm: O3 0.13 0.13 0.029 0.029 0.60 0.65 1.13 1.02
Eu: O3 0.023 0.027 0.006 5 0.0040 0.11 0.13 0.17 0.17
Gd; O3 0.045 0.041 0.015 0.025 0.21 0.25 0.23 0.16
Y, 05 0.041 0.037 0.025 0 0.13 0.12 0.091 0.087
3 4£iE RN [ B X2 i 0 A BRI R oK L A kT

J5 il )RR S i A EAR 7 (ONHL N O ) L A7 5B 1k
T e R A SR O P-Aa SR G G b s 5 o
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i B A I T8, AL AT IR & Ca P Fe,
Ba.Si.S.Mn.Pb 550 & B K B 10 A #EAT IR
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Determination of eight major rare earth oxides in light rare

earth ore by X-ray fluorescence spectrometry

with fusion sample preparation

YU Li-li"*?

(1. Guangdong Institute of Resources Comprehensive Utilization, Guangzhou 510650, China;2. State Key

Laboratory for Separation and Comprehensive Utilization of Rare Metals, Guangzhou 510650, China;3. Guangdong

Key Laboratory for Development and Comprehensive Utilization of Mineral Resources, Guangzhou 510650, China)

Abstract ; The rare earth ore has a wide range of variety with complex composition and is usually rich in Ca,

P, Fe, Ba, Si, S, Mn and Pb. During sample preparation by fusion sample preparation method, the rare

earth ores containing simple substances of Fe, Mn and Pb will corrode the Pt-Au crucible. The rare earth

ore sample was mixed with mixture flux [m (Li,B,O;) * m (LiBO,) =233 * 67 ] with mass ratio of 1 : 14
(dilution ratio). Then 1 mL of 500g/L NH,NO, solution was added as oxidizer and 0. 2mL of 100g/L LiBr

solution was added as release reagent. The uniform glass tablet was prepared by fusion at 1050 °C. Eight

major rare earth oxides in light rare earth ore (including La,O,, CeO,, Pr;Oy;, Nd,O;, Sm,0O,, Eu,0,,

Gd; O; and Y, 0;3) were determined by wavelength dispersive X-ray fluorescence spectrometry (WDXREF).
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The detection limits of rare earth oxides ranged from 5pg/g to 159 ug/g. The proposed method was applied
for the determination of eight rare earth oxides in two certified reference materials of rare earth ore,
GSB04-3549-2019 (total rare earth content was 4.44 %) and GSB04-3309-2016 (total rare earth content
was 29.09%). The relative standard deviations (RSD, 7 =7) of determination results for rare earth oxides
in low-grade rare earth ore (GSB04-3549-2019) were less than 13% , while the RSD (n=7) for high-grade
rare earth ore (GSB04-3309-2016) were less than 2%. Two light rare earth ore samples (total rare earth
content was 2. 55% and 24. 64%, respectively) were selected. The recovery test of total rare earth content
was conducted according to the experimental method. The found recoveries were between 96 % and 100%.
The contents of La,O;, CeO,, PrsOy;» Nd, O3, Sm, O, Eu, O;, Gdy O; and Y, 05 in two certified refer-
ence materials of rare earth ore (GSB04-3550-2019 and GSB04-3311-2016) and two actual samples were de-
termined according to the experimental method, and the found results were consistent with the certified
values or those obtained by inductively coupled plasma atomic emission spectrometry (ICP-AES). The pro-
posed method had relatively wide adaptability and it could meet the detection requirements of major rare
earth oxides in light rare earth ores with complex composition.

Key words: fusion sample preparation; wavelength dispersive X-ray fluorescence spectrometry (WDXRF); light

rare earth ore; rare earth oxide
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