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ABSTRACT. Rare earth elements including Y and Th in the monazite were separated and

determined by X-ray fluorescence spectrometry. The matrix effects among the rare earth elements

were simultaneously corrected by means of empirical coefficient method. The values of the coeflicients
were quite dependent on the number of the standards. However, the different set of coefficients led
to the same results, The analytical results corrected by the present method agreed with those by
the inductively coupled plasma spectrometry.
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Table 1. Operating conditions for XRF

Target Rh 50kV~30mA
Beam path Vacuum

Analyzing Crystal LiF(200), 2d=4.028A
Detector Scintillation counter

Pulse height analyzer Base line 10V, window 15V
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Table 2. Analytical and overlapping lines of rare earth elements

. 26(LiF 200)
Element Line Wavelength, A Interference
Peak  Background
Y Ka 0. 8302 23.79 26.00 ThLBs—1{23.72)
Th Lay 0. 9559 27.46 29.50
Gd Lay 2. 0460 61.05 62.30 NdLB,—1(60.69)
LaLys—1(60.89)
LaLy,—1(61.05)
CeLy,—1(61.12)
Sm Lay 2. 199 66.19 67.50 CeLB,—1(66.48)
Nd Ley 2. 3701 72.07 74.30 CeLB—1(71. 35)
Cel.8i—1(71.59)
LaLfs—1(72. 40)
Pr Ley 2,4627 75.38 74.30 Lal$;—1(75.21)
La Loy 2. 6651 82.85 80. 50 NdL;—1(83.23)
Ce Lay 2.5612 78.97 80.50

Table 3. Composition of synthetic standards

{Unit = wt$)

Y,0s ThO, Gdy03 Sm03 Nd,03 PreOn LayOs CeO;
MS- 1 2.6 4.0 1.4 3.0 25.0 8.0 36.0 20.0
2 3.0 6.0 1.6 2.4 23.0 7.0 33.0 24.0
3 2.8 8.0 L6 2.6 21.0 6.0 30.0 28.0
4 2.4 9.0 3.0 2.0 19.¢ 5.6 27.0 32.0
5 2.0 10.0 2.4 3.6 17.0 5.0 24.0 36.0
6 1.8 11.0 2.8 4.0 15.0 4.4 21.0 40.0
7 1.6 13.0 2.0 4.4 13.0 4.0 18.0 44.0
8 1.4 15.4 2.6 1.8 11.0 3.6 16.0 48.2
9 1.2 18.2 2.2 1.4 9.0 3.0 13.0 52.0
i0 1.0 21.0 2,0 1.0 7.0 2.0 10.0 56.0
1 100
12 100
13 100
14 100
15 100
16 100
17 100
18 100
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Table 4. Ratio(C/R) of the synthetic standands

~_ C/R
. Y04 ThO, Gd,0s SmzQOy Nd;Og PreOn Lay03 CeO,
Standard ™
MS-1 0. 9325 0. 8635 1.1137 1. 0509 0.9710 1. 1041 0. 9930 1.1344
MS-2 0.9315 0. 86490 1.1094 1. 0589 0. 9712 1. 1041 1. 9935 1.1327
MS-3 0. 9326 0. 8694 1.1094 1. 05683 0.9715 1. 1041 0. 9915 1.1336
MS-4 0.9315 0. 8684 1.1141 1. 0557 0.9731 1. 1010 0. 9910 1.1315
MS-5 0. 9328 0. 8735 1.1128 1. 0562 0.9745 1.1041 0. 9926 1.1307
MS-6 0.9294 0. 8745 1.1137 1. 0557 0.9745 1. 1015 0. 9921 1.1315
MS-7 0. 9299 0.8724 1.1114 1. 0553 0.9764 1. 1041 0.9930 1. 1302
MS-8 0. 9266 0. 8760 1.1101 1. 0562 0.9790 1. 0994 0. 9904 1.1284
MS-9 0.9252 0.8780 1.1159 1. 0578 0. 9756 1. 0947 0. 9891 1. 1304
MS-10 0.9252 0. 8769 1.1114 1. 0309 0. 9777 1.090 0. 9870 1.1284
Table 5. Matrix coefficients from ten synthetic standards
\ Ana]yhcal
R.E. ‘”“( 5 Y0 ThO:  GdOs  SmO;  N&O;  PrOy LagOs CeO;
Matrlx ()™
Y 0. 0437 2.8419 3.7642 5.2878 —1.2743 0. 4551 1.2742 2. 5359
Th 0. 3390 2.7489 3.9892 3.0715 —0.9570 ~0. 2119 0. 8709 2. 4079
Gd 0. 2893 3.1031 4.4029 3.4763 —1.0598 ~(), 1968 0. 9030 2. 4637
Sm 0. 3158 3.2337 4.1160 3.5541 —1.0698 0. 0470 1. 0037 2.542%
Nd 2.7619 —5.6484 —5.5266 —5.6663 5. 5629 3. 5676 1. 0875 —2,1762
Pr 0. 0208 1.8434 4.2719 3.4027 —0.9033 0.0735 1. 2155 2.3184
la —0.0625 4. 9723 4.8251 4.8526 —1.6443 —0. 3420 0. 8528 3.0686
Ce 1.1742 0.0692 —0.1317 0. 1642 1.8148 1.6381 1.0311 0. 5750
Table 6, Matrix coefficients from nine synthetic standards
\ % nE]ytif:éﬂ
N ‘”“(5’ Y05 ThO, Gd,05 Smy0s Nd,Os Pr:On LagO3 Ce0;
Matrixm
Y 0. 9306 1. 4444 2. 5802 3.8232  —1.0200 —1.2241 1. 4048 1. 9935
Th —0. 1517 2.0450 3.3928 2.3337 —0.8289 —1.0677 0. 9367 2.1347
Gd —0. 23699 2. 1575 3. 6018 2.4853 —0.8877 —1.3330 0.9914 2. 0967
Sm —0. 3382 2. 2955 3.3211 2.5708 —0.89%0 —1.0803 I.0914 2.1788
Nd 4.5383 —3.1007 —3.3670 —2.9962 5. 0992 6. 6290 0. 8495 —1.1874
Pr -0.7160 0.7866 3.3764 2.2050 —0.7109 —1.1964 1. 3142 1. 9082
La —1.0510 3.5545 3.6238 3.3667 —1.3863 —2. (457 0. 9853 2.5183
Ce 1.3971 0. 3889 0.1391 0. 4992 1.7566 2.0222 1. 0013 0. 6991
ARty o) AAze 14 54 gedn o) wg} o ER & AlFgE 433 gy &

oA o}, i Table 4914 2= 6he} Zo] C/R
e A9 ¥Esht Table 5~7lA¢ 7Ee] &
zAasd g SEJA AFEY Aole 2
t}, oz vl BEARE ol Ag A=

A ol 24 2E ¥4 ¢ Ass

g 5ol fiE Ag & Atk
4.2. M g3t oAARe] HEFLLE
T o7 Azt Rl A T lEHE A
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Table 7. Matrix coefficients from eight synthetic standards

\ Analytical

% Y0,  ThO;  GdO:  SmgO;  NdOs  PreOy LagOs CeO,

Matrix (i)
Y —2.6053  0.9116  3.0386 2431 —1.6854 —2.7342  0.5006  3.4549
Th —0.4212  1.9503  3.4666 21105 —0.9360 —1.3007  0.7912  2.3699
Gd —0.8376  2.0087  3.7298  2.0979 —10736 —L7548  0.7388  2.5049
Smn —0.7406  2.1675  3.4313  2.2376 —1.0589 —1.4431  0.8741 25200
Nd 5.5875 —2.7669 —3.6542 —2.1272  5.5161  7.5751  1.4160 —2.1030
Pr —0.9700  0.7058  3.4460  2.0847 —0.8118 —14254 11771  2.1209
La —1.5650  3.3900  3.7645  2.9410 —1.5005 —2.5002  0.7078  2.9669
Ce 15223  0.4287  0.1048  0.6029  1.8063 21351  1.0B6S  0.5899
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Table 8 Analytical results of rare earth concentrates
by XRF

(Unit : wt%)

Sample . = -
R A
No. of st’d{ea) AR *
R.E. Oxide A B 4

Y20, 8 1.70 177 2.19 2.76
9 1.70 1.76 221 275
10 1.72 1.74 2.35 2.64
ThO, 8 11.3 10.3 7.74 9.98
9 11.2 10.1 7.94 9.78
10 11.6 10.9 8.06 10.3
Gdy04 8 1.52 1.47 1.46 1.48
9 1.50 1.4 1.46 1.4
10 1.53 1.52 1.50 1.58
Smz03 8 2.25 2.24 2.39 2,39
9 2.23 2.18 2.45 2.30
10 2.48 2.72 2.53 2.9
Nd;Oy 8 14.5 15.8 15.3 15.9
9 14.6 15.9 15.2 16.2
10 15. 1 15.3 15.4 15.4
Pn;Ou 8 4.24 4.72 377 3.89
9 4.24 4.69 377 39
10 4.04 4.10 4.15 4.45
Laz0;3 8 22.5 23.0 24.1 217
9 22.3 22.9 24,3 21.6
10 21.1 2.1 23.1 19.6
CeO, 8 41.0 307 41.9  40.6
9 41.2 39.9 41.5 40.7
10 41.5 40.6 41.7 41.8
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Table 9. Analytical results of rare earth concentrates

by ICP (Unit : wt%)

DR L 20A 2FaB Aae fasa

R.E. Oxide®,
Y03 1.72 1.73 2.24 2.49
ThO, — — — —
Gdz0s 1.43 1.44 1.57 1.55
Smy04 2.48 2.55 2.56 2.85
Nd,04 15.0 15.2 15.1 15.3
PrgOq, 4.34 4.36 4.33 4.51
Lay04 20.4 20.6 22.0 19.1
Ce0, 41.8 42.1 42.7 42.5
2 A4gel 294 998 24 2oz 098

oz A(3)e £L& 9 residual sum square 7} 7}
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