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ABSTRACT. The 8 rare earth elements were determined in the monazite concentrates by X-ray

——

fluorescence spectrometry. The spectral line overlapping interferences from the other elements were
investigated and the correction methods of interferences were studied using line overlap coefficients.
The coefficients were calculated from the ratios of the intensities measured at the diffracted angle
(20) of the analytical lines of other elements to the intensity of pure rare earth oxide. The coeffi-
cients were used to correct the line overlaps by a regression analysis. The linearities of calibration
curves from the corrected intensities were remarkably improved, and their standard deviations
were decreased. The analytical results agreed with that of the inductively coupled plasma(ICP)

spectrometry within an allowable error range.
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o] Ff o oxalic acid 298 A4 s1aba] 4] 7}
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W Li,BiO; 7.5000g & 34 % &-§A= 7hstx
T2 EFAA. 2 EFE AEE FF9
7.5000g # 3t Pt-Au E=rhe] o3 33 o]
% 7} & bead sampler(Rigaku Industrial Cor-
poration) o] A 1,250°C 2 1037 -&-§3t f-g
g 7€ AA L e ofd {24
2% JelFz =z B8 44 28944
Z7 $H= Nal 70mg & 718t A 2E AA}
At

AgF AREL $AF oAl Pm 24 2

L8749 LiB;0;2 Spex Industries Inc. 9] +#
F 4Ll

HEFEA|E. Monazite FolA E=3F A
A Jefdxd FFEL 22T T AT
9 ZIFEA8EE 107 EA. F, Aldrich Ch-
emical Co. Inc.9] 99.99% °| 3 £E=& 7M=&
Y0, Gd;03, Smy03, Nd3Os, PrgOyy, Lag03 2 Ce-
0;, 28] 32 Merck A8 Th(NOy)4-5H,0% 1,0
00°C el A 3 A7k o4 9 wt< ThO:E A&
slo] Table 13} 72 24 o2 E3Hste] 0.50008
o] FA wHERtt. EAAFAAL o], o7
o] 7.5000g 9] LiB,Or& 713t oAl 2 £

L 7.5000g & F3}e] bead sampler o A S%
st fEFEAAE HEA

S48 JEFDLS AR 4 B EF ASE
0.5000g o Li:BsO; 7.5000g & 7lsted &3t
F 483 R TEE HET

7171 & FHEzAH E AgdA AEF X-
A FFE37)| = o E Rigaku Industrial Corpo-
ration &) Rigaku S/MAX-E 3080284 ol A
e feEFEAAE 4% 20mm o] Ti-vpaz
7t 33" AgFAd 4o X-49 ANE F
Astgh. &3 717 24L& oE 2
: Rh 50kV-30mA
Beam path : Vacuum
Analyzing crystal : LiF(200), 2d=4.028A
Detector

7}

8
24

Target

: Scintillation counter
Pluse height analyzer : Baseline 10V, window
15V
A9 A5 2oz X-A AZlE FAIIS e
o]- &3 EH A= LiF(200)2 4] <& 3A
(20) 3} n}gAl7] &3 34 72 Table 29} 7ttt
a8z 2degdd AR Aed AR HAE
2A% A7E AR 98t KAIST 9 4
AA Ak7191 CYBER 170-835% ©| €34t
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Table 1. Composition of synthetic standards
(Unit : wt%)
Y203 Th02 GdzOg Sm203 Ndan P reOu La203 Ce()2
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 1.6 2.6 21.0 6.0 30.0 28,0
4 2.4 9.0 3.0 2.0 19.0 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
10 1.0 21.0 2.0 1.0 7.0 2.0 10.0 56.0
11 100
12 100
13 100
14 100
15 100
16 100
17 100
18 100
Table 2. Analytical lines and overlapping lines of Nd,La,Ce ] LB 32 Ly A5 Az g},

other elements

Ele- ) Wave | 20(LiF 200)
Line | length, Interference
ment A Peak Back-
lground
Y Ka 0.8302] 23.79) 26.00 ThLge-1(23.72)
Th | Ly 0. 9559 27. 46{ 29. 50
Gd | Loy 2. 0460 61. 05| 62.30] NdLg,-1(60.69)
LaLy;-1(60. 89)
LaLy,-1(61. 05)
CelLy1-1(61.12)
Sm | Lay 2.1994| 66.19| 67.50| CelLpBs-1(66.48)
Nd | Loy 2.3701| 72.09| 74.30] CeLBs-1(71.35)
Cel8;1-1(71.59)
LaLgs-1(72. 40)
Pr La; 2.4627) 75.38| 74.30 LaLp-1(75.21)
La | Loy 2.6651} 82.85] 80.50] NdL¢-1(83.23)
Ce | Loy 2.5612| 78.97{ 80. 50

S} YEF AFESS AT 2A0E TUY
FEARE A83%d LiIFQ)AR2E 37 o
9 AYcH(Fig.1a% 1b). AA HRA 2
o Table 29} 720] GdLa,(20=61.05°) A ol A=
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YKa Aoz ThLBsA, SmLa; Aol CeLp,,
NdLa; A elli= CeLBs, CeLp 2 LaLgeAl, Prlia,
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A w=e AA AR B E Fx2
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Ic,1d,1e 2 1f). o] & 3|4 |91 & ¥4 GdLa,
A8l 31474 NdLBs, LaLys, LaLy, @ CeLy,
Aol Wtz J&S & 4 k. = Ndla,,
LaLa; A9 A7 A thE Qa9 AR 4
AERE B FEr}

ZBEGA AR AT ;5 £58 JEF 4
& AHESt TP F, Y A$E wm
q T Y.0:4 AHE AHEdY nAsEa
ot= 949 3349 HA 7 YA N4 g

b
m |
!

T el AR AT 824 z Yz U v
o HA A=E epdch wasiHE B oAy
T4 ez Ao grH f9a 2o



- ZFEB

¥ - 58 - HE

&K

542

Annodadndnondap

o
B T
e
e

——

oy
< |-
o

i
S TR

dL;l— U IS
[Tonec

i

4atel

aadng

T

L

T

i ]
]

T

1dng

'

.N'/'r/\.__ e

A

i

|
-]
erlapp

Hirhehy

PR b

rnrnrnrnrnrnrnrnrlru‘nrnrn nrn-rnr IsBalalals

Fig.1. X-Ray fluorescence spectra of rare earth oxide standards and rare earth concentrates.
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X-A gAEA4ge 4% JuFda £440A

el Yo A9} o] o] AR B FE F
3} o} (Table 3).

Table 3& &4 Yz td o2 P29 29
ERAY A 4 AxE nedd, GdLaA
of gk Ces] AR A7) 0.233830.2 o33
2ol o] GdLaydd] 3jA 7oA CeLaidl Al
719} 0.233838] =Z7]2 CeLp o] AXd= A
& Yo og La® AS-E Lalad Al
718] 0.0482477] whFez GdLa, Ael A3 o
e Fx 9t 283z Nd= NdLa; A9 0.0
1335W9] A7z 4 & Fa glon] thE 94
2 o 23] AA AX s gloh oA xlioﬂ
Al &A% GdLayA9 Al7le Gd AA) 9 2o
gtz A7l AR Bel & FE °lct—a—«1 |
A A7 = 7} Foted A Aelr}, o]y AA W
A= FE a25dAE & F e YK A
o ofgk Th, SmLa; Aol o] 8F Nd, Pr,La 2 Ce,
NdLa; Aol H& Pr,La @ Ce, PrLa;ol g
La, LaLay Aol =18 Nd 59 AR 98 o e

FAE 4 Aol
o] Aol A :AF AA = dell A FolA 4]
)& olgdtx 4 948 24 X-4 A7 ¢

AR AT By e Astd »AgsE X-4 AV
£ AAdstdo. 2 Ao E B3 Yt
871X 24 AR Wl & 23t A4S 4A &
2d A ()& AAMstS wy ot 3o,
I =ByyIy+ Bynlrn+ Bycalca+

""" +Bycelce
Iy = Bruyly + Brnted th+ Bracaloa+
""" + Brncelce
I8y =Scay Iy + Boarnda+ Boacalca+ )
...... + Boacelce

&= Beerly + Boernn Beesaloat
""" +Beecelce
g7 oA I e A gelA thE daFel 3
AR AL B de AAZHA ol =2, Pyvly
=dE g5l o8 A AAS A G2 Y
AA 9 Frol 3Gt dRAlT ot
3 Byrnlme ThLapd o] A7l Tl AHA
AFE F3ted YKa 49 3 E 74 AA 2l
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2P FA A9 Ao #¥ AT 543
£ Fe A5E vl AVE e &
£ e g dAAR 2E 9grE AR E

gEol
Al A Fud EAA 89 BEAEY] AA
A8 Y& Kadg, 28z & 44
2 Lod & ol&3te utg mA & 3t 4%
-0

A7 =5 AER T8 FA 7‘”7‘ e
4@ 7 ol APz ARHE
ARIA LR ez 4 949 v4d XA A
715 A, AgddA ST 4 A4 A
Zlel e e Ao A3 3 LA E L gl
A4 H1)e Al 74 AR Hal =3
o2 249 A7E ALA 99 2 Ay
of 23 A3 P BFY oA 2HHS B
Folth. weby 2z AN Wl nA T A
E oA ol g3l AT & YEE AYHAL

Aoz 429 dHNAHE EolA 2Ad
AAE ARG 249 AY= dA &A%
X-4 A7|nth 48 F74e Aol A= A

FE-& 2adta glvh(Table 4).

2ot A E Fol vladte] ww g 2
o, YKad9] 3% ThLgAol A=z Th &
go] 7} B MS-10 EEA 504 YKa A9
A7) 7} 5,679cps ol A 4, 946eps B o] b4 B
G}, NdLB,, LaLys, LaLlys 2 CeLyr®] A E9]
AAA W& 24 e GeLay AolA & A7)
7} AA 8 7r&skEE] MS-10 A B4 2.0%
o] A|7)7} 859cps ol A 272cps B 4 Fg T
= SmLa; Ao A& CeLp, Aol AAEY Ce 3
gro] & MS-10 o A 210cps 7} 110cps & A2} A
wto 2 it et 29 Prla; AL # <
(i I | g g cd ke o R

2y g 28 EdAdd A WElE A9
utz] 9ri ThLa;, NdLay, CeLay, LaLa; YKa A
ol Ao =z A7t M2 H3ls R esket

HYTMa 2M380 #98 3FAEE &
A X-A A7k AR AGE ol &3 nHg
& AVE AT e kel wis 24
< 54 R (Fig. 2). 235 AAFAL 2
T AAHE FoH A AFH 2oz g
AL Estr Ao kel EAACE 2
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Table 3.

S8 - &M - KA - FER

Line-overlap coeflicients §;; and X-ray intensities(cps) of pure rare earth oxides

YKa

(23.79%)

ThLa1
(27.46°)

GdLa 1
(61. 05°)

SmLa1
(66. 19°)

NdLa 1

(72.09°)

PrLa1

LalLa 1
(75. 38°)

(82.85°)

CEL(I 1
(78.97°)

In
Bi;
In
Bij
In
Bij
In
Bii
In
Bij
In
Bij
In
Bij
In
Bii

MS-11

3,191
12

12.2
13

2.4
14

1.7
15

1.6
16

2.0
17

2.0
18

457, 986
1. 00000

0. 02505

0. 00081

0. 00020

0. 00025

0. 00038

0. 00057

0. 00045

202
0. 00044

127, 365
1. 00000
7.1
0. 00047
7.4
0. 00064
0.9
0.00012

4.0
0. 00092

1.0
0.00028

1.2
0. 00027

6.1
0. 00001

5.2
0. 00004

15,115
1. 00000

14.9
0. 00129

96
0.01335

—18.4

—0. 00427

172.8
0. 04824

1,055
0. 23383

0.6

0. 00000

—1.2

—0. 00001

0.9

0. 00006

11,55

1. 00000

19.5

0. 00270

—11.2
—0. 00261

6.1

0.00170

217.2

0.04813

0.9

1.1

3.5

1

5.1

7,223

—16.3

—14.2

63.5

0. 00000

0. 00001

0. 00023

0. 00044

1. 060000

—0.00379

—0. 00397

0. 01408

—-0.1

0. 00000
1.3

0. 00001
0.6

0. 00004

7.2
0. 00062

—1.5

—2.5

—2.1

—1.2

—8.7

—0. 00121
4, 306

1. 00000
1,477
0.41228

0.8
0. 00018

24.6

—1.6

3,582

—13.3

0. 00000

—0. 00002

—0.00014

—0. 00011

0. 00341

—0. 00038

1. 00000

—0. 00295

0.9

0. 00000
0.6

0. 00000
1.2

0. 00008
1.3
0.00012
0.5

0. 00007
3.6

0. 00083
—2.0
—0. 00057

4,513
1. 00000

Table 4.

samples

Uncorrected and corrected X-ray intensities(cps) of synthetic standards and rare earth concentrate

YKa

ThLa;

GdLa 1

SmLa 1

NdLa 1

PrLa 1 LaLa 1

CeLa1

Corr. ?

Un.=

Un. Corr.

Un: Corr.

Un.

Corr.

Un.

Corr.

Un. Corr.| Un. Corr.

Un.

Corr.

4
P

12,778
14, 747
13, 740
11, 816
9, 801
8, 885
7,877
6, 916
5, 954
4, 946
8, 459
8,381
11, 046
12, 200

12, 691
14,972
14,153
12,412
10, 118
8,957
8,271
7,452
6, 468
5, 679
8, 868
8, 756
11, 299

W 00 = & U1 i W o

—
fe=)

SA-18
19

20

110

5, 946
8, 954
11,994
13, 451
14, 626
16, 095
19, 096
22, 376
26, 480
30, 373
16, 395
15,044
10, 196
14, 931

6, 000]
8, 845
11, 890,
13, 200
14, 580
16, 020,
18, 980
22, 390
26, 400
30, 400
16, 312
14, 961
10, 114
14, 845

12, 572

475
532
571
782
733
820
765
872
847
859
664
671
671
705

190
218
218
407
326
380
272
354
298
272
211
217
233
240

353
301
336
271
463
516
565
288
246
210
325
334
322
373

330
262
284
219
394
438
482
197
153,
110
247
256
247
292

1, 847
1,683
1, 506
1,386
1,241
1,085
949
807
646
512
1, 061
1,105
1,061

1,870
1,720
1,570
1,418
1,267
1,118
967
816
670
520
1, 080
1,124
1, 081

1,128 1, 146

1,352
1,191
1,051
922
880
756
625
553
437
325
750
747
742

829
725
618
574
515
460
410
369
305
202
457
459
453

1,277
1,107
942
846
837
711
574
504
398
292
711
699
700

1, 324
1,213
1,105
995
883
773
662
590
480,
370
783
771
772

867
1, 035
1,169
1,347
1,512
1,677
1,830
1,984
2, 094
2, 222
1,728
1,732
1, 670

796

956
1,115
1,276
1,436
1,593
1,757
1,928
2,076
2,240
1,678
1,682
1,620

720 4497 656 728

1,790 1,840

«Un.; uncorrected, *Corr.;corrected.

2 A8l EA% A4FAL EAAE 4
AR Hold B ol 48 AU g
31k,

Y A% EAAZY EAAEC] nE A4
Aol A= &R ZA Helux] Gormz ul
xo| MAZA Lolx o] AAZTAL o] L3}
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3 < 20,004
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S 10,004 0 uncorrected M
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4 corrected - 106,004
' A;corrected
5,000
- .
175 750 3.0 ¢ 10 20
Concentration, % Concentration, %
o2/
°
[1:11] . o 100
szo3
cdzo]
v o 600
& 600 . S
- B
x b
3 @ 400
]
S 400 <
o
M o
S " o:uncorrected
oiuncorrected 204 ajcorrected
200
Ajcorrected
0 2.0 1.0 5.0
ot
i.0 2.0 3.0 Concentration, &
Concentration, ¥
3,000 Nd_0, 1,500  Prg0yy
n
" [
S v
(%)
- 2,004 > 1,000
o -
et .
“ L
c =
S 3
u c
- - ojuncorrected
1,004 soof
O :uncorrected) Ajcorrected
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Fig. 2 Calibration curves plotted from uncorrected and corrected X-ray intensities.
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Table 5. Analytical results of rare earth concentrates
(Unit : wt%)
Y203 Th02 Gd203 Sm203
Corr.« Un.? ICP- Corr. Un. ICP Corr. Un. ICP | Corr. Un. ICP
SA-18 1.72 1.71 1.72 11.3 11.1 1.54 1.99 1.43 2.25 2.31 2.48
19 1.70 1.66 1.73 10.3 10.1 1. 60 2.01 1.4 2.37 2.40 2.55
201 2.25 2.21 2.24 6.9 6.7 1.71 2.01 1.57 2.25 2.27 2.56
110} 2.48 2.47 2.49 10.1 10.1 1.77 2.27 1.55 2.66 2.73 2.8
Table 5. Continued
Nd203 P r5011 La203 CeOz
Corr. Un. Icp Corr. Un. ICp Corr. Un. ICP | Corr. Un. Icp
SA-18| 14.4 14.6 15.0 4. 48 4.49 4.34 21.4 21.6 20.4 41.9 40.9 41.8
19| 15.1 15.2 15.2 4.50 4.45 4.36 21.0 21.4 20.6 42.0 41.0 42.1
20 14.4 14.6 15.1 4.45 4.43 4.33 21.0 21.4 22.0 40.5 39.3 42.7
110 15.4 15.6 15.3 4.40 4. 30 4.51 19.9 20. 2 19.1 45.9 42.5 42.5

“Corr.; Corrected. ¢Un,; Uncorrected.
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