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WAl A N T AR SR A7 A 25 5%, B il A 3 5 U A E K —hn Y Bt (GBW07122 , GBW07123 |

—ERRRE . il N TARERE I, & alifs 484k GBWO07124 . GBW07125, GBW07104 ~ GBWO07106) ,

W G310 o e RN A AR TE ) B PR A et DL 2 R o TR 4 A b HEH) it (GBWO7127 ~ GBW07136)
R JE AN [ SRR A i B IR 25K, S DZZ1 DZ32 FIN T HC il b5 AL i (HC - XT -1 ~

JEH H AR AR ARFRENAE S IR AR SEE HC - XT -8) 3t 33 AN A S b A i i 45 4

K 4 A bR MEY 5T (GBWO7187 , GBWO7188 2k,

GBWO07158 . GBW07159 ., GBW07160 ., GBW07161 ) , H R TAEIM&LEY] 3£ 3,

# 1 XRF U2 Hroc
Table 1 ~ Working conditions of the elements by XRF

TEREE MK TR . ek 200 o
() (kV) (mA) Wl w1 w2
Si Ka PE 002 550 FL 32 100 109. 14 -2.3160 1.7938 26 ~76
K Ka LiF 200 150 FL 32 100 136.73 -1.1730 2.2190 26 ~74
Ti Ka LiF 200 150 FL 40 90 86.215 -0.6320 0. 8640 26 ~75
Mn Ka LiF 200 150 DUP 55 66 62.998 -0.7190 0.7868 13 ~72
Na Ka PX1 550 FL 32 100 27.895 -1.8910 2.1214 22 ~82
Mg Ka PX1 550 FL 32 100 23.077 -1.8760 2.1788 20 ~78
Al Ka PE 002 550 FL 32 100 144.98 2.9372 —1.2490 21 ~76
P Ka Ge 111 550 FL 32 100 141.02 -1.3960 2.8040 23 ~78
S Ka Ge 111 550 FL 32 100 110.74 -1.5160 1.4708 16 ~74
Ca Ka LiF 200 150 FL 32 100 113.16 -0.8730 1.6258 28 ~70
Fe Ka LiF 200 150 DUP 55 66 57.530 -0.7130 0. 8854 16 ~69
Cr Ka LiF 200 150 DUP 55 66 69. 365 -0.6450 0.7386 12 ~73
Ni Ka LiF 200 150 DUP 55 66 48.658 -0.5890 0.8294 18 ~70
Y Ka LiF 200 150 SC 55 66 23.767 0.7668 —0.7400 23 ~78
Rb Ka LiF 200 150 SC 55 66 26.581 0.7720 -0.5110 22 ~78
Sr Ka LiF 200 150 SC 55 66 25.121 -0.5610 0.7542 22 ~78
7r Ka LiF 200 150 SC 55 66 22.470 -0.7750 0.8758 24 ~78
Nb Ka LiF 200 150 SC 55 66 21.372 -0.5870 0.4690 24 ~78
Cu Ka LiF 200 150 DUP 55 66 45.010 -0.6960 0.9256 20 ~69
7Zn Ko LiF 200 150 SC 55 66 41.796 -0.7050 0.6534 15 ~78
Ba Ka LiF 200 150 FL 40 90 87.204 0.6376 - 33 ~71
Rh Ka, LiF 200 150 SC 55 66 18.447 - - 26 ~78
V Ka LiF 200 150 DUP 40 90 76.929 -0.6230 - 15 ~74
Br Ka LiF 200 150 SC 55 66 29.940 -0.6830 0.9706 20 ~78
La La LiF 200 150 FL 40 90 82.938 -0.9010 24 ~78
Ce La LiF 200 150 DUP 40 90 79.047 -0.8740 - 26 ~78
Pr La LiF 200 150 DUP 55 66 75.379 -0.8580 - 15 ~74
Nd La LiF 200 150 DUP 55 66 72.141 -0.9860 - 13 ~74
Sm La LiF 200 150 DUP 55 66 66.237 0.9598 - 15 ~73
Thb La LiF 200 150 DUP 55 66 58. 800 0.3626 - 15~72
Dy La LiF 200 150 DUP 55 66 56.600 -0.8020 - 15 ~71
Ho La LiF 200 150 DUP 55 66 54.575 -0.6550 - 16 ~71
Er La LiF 200 150 DUP 55 66 52.605 0.7728 - 17 ~71
Yb La LiF 200 150 DUP 55 66 49.038 0.8474 - 18 ~70
Lu La LiF 200 150 DUP 55 66 47.417 -0.4030 - 19 ~70
Ta Lo LiF 200 150 DUP 55 66 44.403 0.9066 - 20 ~69
Eu La LiF 200 150 DUP 55 66 63.591 0.4858 - 15 ~73
Gd La LiF 200 150 DUP 55 66 61.115 —0.8880 - 15~72

T FLOW IR AGIE FeiH ol , SC ORI . DUP S i SGSIE Fe 45 At b sIE He B0 B AT, LB S 2RI % % . PHD Oy kg
BESI M o
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Table 2 Preparation of artificial standard samples

La,O CeO Y,0 i
ot wan | TR
A A& " B NSRS
(g) (g) (g) (g)

PN
FES IS

HC-XT-1 0.0400 0.0500 - GBWO07159 0. 5600
HC-XT-2 0.0300 0.0400 - GBW07160 0.5800
HC -XT -3 0.0200 0.0300 - GBW07187 0. 6000
HC -XT -4 0.0100 0. 0200 - GBWO07158 0. 6200

HC -XT -5 - 0.0100 - GBWO07188 0. 6400
HC -XT -6 - - - GBWO07187 0.3250
HC -XT -7 - - 0.0200 GBW07188 0.3250

HC -XT -8 0.0050 0. 0050 - GBWO07161 0. 6300

GBWO07188 0. 6400

43 Hou# LI gl

Table 3 Working range of elements concentration

FHEILE  FEEE(%) itz F G (pe/s)
Si0, 0.3 ~74.55 Pr 0, 5.43 ~890
Al 0, 0.1~19.04 Sm, 0, 13.53 ~2000

TFe, 0, 0.07 ~3.49 Eu, 05 0.31~75
FeO 0.007 ~0.49 Gd, 0, 27.91 ~2500
Ti0, 0.003 ~0.537 Tb, 0, 5.15 ~550
Ca0  0.0224 ~55.49 Dy, 0, 26.04 ~3700
Na, 0 0.014 ~0.66 Tm, O, 2.29 ~310
MnO 0.004 ~0. 1 Yb,0, 13.45 ~2100
P,0s  0.0022 ~0.124 La, 05 0.002 ~6. 16
MgO 0.066 ~20. 15 CeO; 0.0022 ~7.69
K,0 0.01 ~5.52 Y,0; 0.017 ~3.2

Nd, 0 0.0024 ~0.4
Lu, O, 1.91 ~300
Ho, 0, 5.44 ~640
Er, 0, 15.26 ~2000
S RE,0] 0.085 ~13.92

A = "RILR SRR %

2 RS R
2.1 JEMAN B il e i & T LAY ERE
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Ce0, . Th,0, .Ho, 0, .Er, 0, .Lu, 0, % | Rh Ko Z¢ )i
WO 988 B 00 P9 B T SRR L SR F A 4
Fh2x H] SuperQ3. 0 B ft FH 9 £ 5 B A E 242 X
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SIMTICER 1 AL HE LR B s L, O TR m R
TR SR ES TR IEREGZ, T
X m B R EGHECR E N oo 1 RERZ
BERSRONIITICER 1 BTHECR (85 AR Y 5
WAED) 5 Z, Z A3 oe R I8 i C oI n R
Fi N NI LRI 0. 8.6y AELIEREAREL
IVAIU] SIS

ARG PR S A5 A TR E & TR
RTIELE S TIRIE, & 4 5 T %M L ooR
JITRIERIEER

# 4 WlocENESIGEALEw T
Table 4  Overlapping spectral lines and influencing elements of

rare earth elements

O |
o, EEREL RIEEKIE | EERIEER RIEEATE
THR TR
Al,Si,Ba,Sr,Ni,
Y Rb KB, Er Th LB;,Co Ka La,Ce,Fe
Cr,Fe,Ca

La  CsLp, Si.Fe.Nd || Yb Ni Ka Y

Nd Ce LB, La, Sm,Al Lu Dy LB,,Ni Kp, La

Ce BalB, - Pr La LB, La,Ce
Sm  CelB, - Eu - La,Ce
Th Sm LB, La,Ce Gd Ce Ly, La,Nd, Dy
Ho GdLg, Er,Yb P Y LB, -

2.2 JjiEREIR

i IRt PR 23 30T H B A5 DT R ARG H PR -

Lop = 342 17‘
o om IR 1 T SRR 0 W X
400 S EF ]

SR VAAR A b V) 5 2 0 12 WS A A
HBREACR IR S AT L% 1B I & 1 2 071k
KEER P EEITR, MM T IT R K R TE 60
g/ gL PRI T & S M R OT R BRIl 2 E &
SrHTER
2.3 JHIERE SRR

P R ST ) Jy ont [ AR EY) it GBWO7188
RN TARAERE & HC - XT -8 43 il 52 il fF 13 M
F, AR 1 T 0 6 25 A0, 330 A A G A o i 22
(RSD ) FIFFH 32 2 45 0 2 45 R 51 T3k 6, Hr 48 K
ZRFEITE M RSD B/h T 1.5% , # LITER 1)
RSD 7£ 7% AR A5 & AR TT R MRS 2% B4 22
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{4 HC - XT -8 SREAh Y CaO FRUEME A 0.026% ,  #5  srbcHikm
B SE{E R 0. 021% ,RSD g 16.3% , T %) FH Table 5 Detection limits of elements
{5 o ik CaO B BB 0% 92 B0 i B 5 Bk, 1 . nERmm | kK
CEWOTISS ) CaO BEAEIH 0. 29, W5 FAVIIRE L) m% Le)
¥ LAl IR -2, AR R Na, O 56.44 Nd, 0, 52.85

50.29,RSD H 1.4% . %}F Th,0, .Lu,0, Pr,0,, Vg0 34 Sy, o
EAAEARFTE L. 6 Pk & RS RIUENSH AL, 15.82 Ce0, 38. 11
B FEAETHE Si0, 96.03 Th, 0, 44.83
2.4 orHrhnfngs P,0; 18.59 Dy, 0, 39.23

PIAS S g 57 1 5 i i 6 S R — i - hr K;0 25.36 Ho, 05 8.86
HEYI T (8 A N TARERE i 2 8 N AR B Ff L i C_ao 30.37 Er, 05 27.19
SIMTEE A F3 7 BE b B R RS e E A 10 2004 ij§3 30-10
RO 45 B 7E 99. 41% ~ 100. 63% 2 Jil, T o :Z . ;‘1‘;
HEAT BT 7 VR AW L A A BT MR B RS L5 Bo, o1
DZ/TO130—2006( 0T 7 Scso 5 WA RS ML |, o 6o, -

) HUE ) —Zhn i o

3 6 JiUAERnEHORS S %

Table 6 Accuracy and precision tests of the method

GBW07188 HC - XT -8

PITE W P HIE FrifiE ARNTR 22 RSD 5 354 FrifiE AR IR 22 RSD
(%) (%) (%) (%) (%) (%) (%) (%)
Na, O 0.62 0.66 5.30 2.35 0.121 0.156 3.54 5.45
MgO 0.13 0.11 11.82 4.07 0.074 0.076 25.0 4.37
AL, 0, 13.8 14.26 2.52 0.27 14.51 14.47 2.14 0.213
Si0, 66.8 66.9 0.01 0.19 73.5 73.4 0.15 0.17
K,0 5.56 5.52 1.09 0.32 4.861 4.9 0.86 0.27
Ca0 0.29 0.29 0.69 1.40 0.021 0.026 2.80 16.3
Tio, 0.18 0.17 4.12 1.09 0.034 0.022 3.59 7.07
MnO 0.05 0.052 7.69 1.40 0.017 0.017 7.84 2.89
Fe, 0, 2.28 2.24 2.05 0.30 1.13 1.13 1.90 0.14
Y, 0, 2.14 2.16 0.93 0.71 0.054 0.056 1.78 0.98
La, 05 0.21 0.23 7.83 1.64 0.768 0.771 8.85 0.49
Nd, O, 0.41 0.4 2.50 0.88 0.003 0.003 5.57 69.5
Sm, 05 2006 2000 0.05 2.92 30 15.5 3.40 34.7
CeO, 0.0619 0.053 26.42 5.39 0.728 0.771 2.26 2.30
Th, 05 652 550 16.55 6.94 7.93 8.07 24.17 46.2

Dy, 05 3645 3700 2.38 0.69 Fetar it 55.4 6.64 -
Ho, 0 655 640 5.16 2.05 10.8 11.8 7.30 26.9
Er, 05 1989 2000 1.95 1.94 25.45 35.8 13.71 38.8
Lu, 05 306 300 5.60 4.13 2.57 5.4 1.02 48.1
Pry0 863 890 8.58 5.40 99.5 6.2 18.49 55.2
Yb, 05 2063 2100 2.72 0.79 13.55 36 8.95 33.0
Gd, 05 2536 2500 0.80 1.16 111.9 31.9 7.47 13.4
JnFn 99.8 - - 0.12 99.6 - - 0.14

TEFRe” = " RICR &R e/ 8.
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Table 7 Analytical results of sam additivity
FriEd BRI BekH  EHIUEMWLICR oty P ERICHEMM LICR T
N N . ERE e N .

e TR (%) AL (% ) (%) (%) EAL(% ) (%)
GBWO07187 5.42 94.51 99.93 HC-XT-6 5.43 94.70 100. 13
GBWO07188 5.53 94.36 99.89 HC-XT-7 6.59 93.00 99.59
GBWO07158 6.73 93.00 99.73 HC-XT-8 3.64 95.93 99.57
GBWO07159 3.70 96.39 100. 09 GX-TC-F2 7.48 93.15 100. 63
GBW07160 3.77 96. 08 99.85 GX-TC-F4 5.38 94.76 100. 14
GBWO07161 6.80 92.61 99.41 GX-DB-F1 5.85 94.27 100. 12

HC-XT-1 3.19 96.58 99.77 GX-DB-F2 6.02 94.59 100. 61

HC-XT-2 3.36 96.18 99.55 GX-DB-F3 3.55 96.55 100. 10

HC-XT-3 5.00 94.90 99.90 GX-DB-F4 3.57 96.29 99. 86

HC-XT4 6.42 93.21 99.63 GX-DB-F5 3.65 96.53 100. 18

HC-XT-5 5.35 94.52 99.87 XF-WX-F3 7.13 93.28 100. 41

3 ﬁin:i/b\ elements in soil, stream sediment and rock samples by

A Ao AN AR HERE dh A DR T R [ K e
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PRERERR YK T La Ce MY M2 R EE X+
FRAER o N AR AEAE il AR A L RE S gE AT S
07 A SRR VA — AL AL B, T 3R ARG 5 B F 42 03
Ao 25 580 b A AR ATk A RO YR T
XRF J7 % 193dE VL

Brigh : [ S S 6 I3 0 5 55 R T 5 B X AR T3
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Determination of Major and Rare Earth Elements in Rare Earth Ores by
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HIGHLIGHTS

(1) The technical advantages of X-ray Fluorescence Spectrometry applied in determination of major and minor elements
in geological samples solves the problem regarding quantitative analysis of complex rare earth ore samples.

(2) High-purity rare earth oxides and standard materials were used to prepare artificial standard samples,
expanding the application range of quantitative methods and optimizing the instrument conditions to make the
measurements more accurate and reliable.

(3) The detection limit of rare earth elements is lower than 60 pg/g, meeting the requirements of quantitative

analysis of ores with high-content rare earth elements.
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ABSTRACT

BACKGROUND: The analysis of ore samples by X-ray Fluorescence Spectrometry ( XRF) has the advantages of
quantitative accuracy, less reagent and good reproducibility. However, due to the lack of rare earth standard
materials at present, the accurate quantitative requirements for complex rare earth ore samples cannot be met.
OBJECTIVES: To establish the analysis method for XRF determination of 25 major elements and rare earth
elements in rare earth ores and mineralized samples.

METHODS:: The use of artificial standard samples solved the problem of lack of standard materials. The linear
ranges of La, Ce and Y were extended by adding high purity rare earth oxides La, O,, CeO, and Y, O,.
A calibration line was produced using artificial standard samples, existing standard materials of rare earth and
carbonate. The major elements were calibrated by a theoretical alpha coefficient method, whereas the rare earth
elements were calibrated by an empirical coefficient method. Interference correction was used for elements with
overlapping spectral lines.

RESULTS: The relative standard deviations (RSD, n =13 ) of most major elements were less than 1. 5% ,
whereas the RSDs of rare earth elements were 0.69% —6.94% when their concentrations were above 300 pg/g.
CONCLUSIONS: The method was evaluated by unknown samples and the sums of major elements, rare earth
elements and loss of ignition were 99.41% - 100. 63% . The method satisfies the first criterion of Geology and
Minerals Laboratory Testing Quality Management Standards.

KEY WORDS: rare earth ore; X-ray Fluorescence Spectrometry; matrix effect; artificial standard substances
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