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Quantitative Fluorescent X Ray Analysis of Yttrium, Cerium,
Lanthanum and Other Elements in Rare Earth Mixture

Katsumi MI1ZUKI and Naoyoshi HATCHO
Central Customs Laboratory Ministry Finance
531 Iwase Matsudo Shi Chiba Ken 271 Japan

An effective method for determination of rare earth metals was investigated. The
method depend on measurement of intensity ratio of the rare earth metal to internal
standard. The sample was mixed with 100mg of ZnO and 50mg of V20s for the internal
standard and fused with Na2B4O7.The linear relationships between the concentration
of rare earth metal and intensity ratio of YKa to ZnKa , CeLa , to VKa , LaLa to VK
o, NdLa to VKa , The ralative errors of analytical values were 1 2  for the
concentration of rare eath metal.

It was found that the fluorecent X ray analysis useful for the determination of
Yttrium Cerium Lanthanum and Neodymium.
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Table 1 Qualitative analysis of major

element in sample
A Cerium oxide

No Sample Origin Element”
Ce. La. Nd. Ca.
1 | Cerium oxide 90 FA France Ye 2 &
2 | Cerium oxide cerox France Ce. La. Ca.
Ce. Sr. Ca. Ba.
Cerit U.S. A,
3 erite 419 S A La Na Y.
o | Ceri id U.S.A Ce. La. Ba. Nd.
erium oxide .S.A. Ca Sr Y.
Ce. La. Ba. Ca.
5 | Ceri id U.S. A
5 | Cerium oxide Nd.Sr. Y.
| Ce. La. Nd. Ca.
| 6 | Cerium oxide U.S. A e et 2
Sr.
Ce. La. Ba. Ca.
7 | Regipol 119 U.K.
=P Nd.Sr. Y

1)

Element obtained from fluorecent X-ray analysis

22 1981

Table 2 Qualitative analysis of major
element in sample
B Rare earth fluoride

No| Sample Origin Element?
. Ce.La. Nd. Y.
8 |Leached bastnasite e
Ca. Ba.
. Ce. La. Nd. Ca.
9 |Rare earth fluoride USSR Ba
Ceri trat U.S A Ce. Ca. Sr. Ba
10 |Cerium concentrate .S AL Nd La. Y.
1 [R th fluoride | W. G Ca.Sr. Ba. La.
ri .
are earth fluoride ermany Ce.Nd. Y.
12 IR cth fluorid W.G Ba. La. Ce. Ca.
are ea uoride -Germany | v
Ce. La. Ba. Ca.
R th fluorid USSR
13 |Rare ear uoride NdY.
Ce. Sr. Ca. La.
14 |Regipol 500ST U.K
Ba. Fe.

1) Element obtained from fluorecent X-ray analysis

Table 3 Qualitative analysis of major
element in sample
C Cerium hydrate Rare earth
chloride etc

No Sample Origin Element?
Hyd de de
15 v rf)xy € France Ce. La. Ca.
cerium
Hyd de d
16 v rf)xy e de France Ce. La. Ca.
cerium 85
Ce. La. Nd. Ca.
17 | Cerium hydrate U.K. e La Nd.ta
| Y. Ph.
Cerium hydrat Ce. Sr. Ca. Ba.
18 erium hydrate U.S A e. Sr. Ca
concentrate La.
19 | Para earth chloride China (S:e. La. Ca. Nd.
T.
20 | Para earth chloride China Ce.La. Ca. Nd.
Ba.
Y. Zr. Th. Ce.
21| M it idue | U.S. A
onazite resiau La‘ Nd Ca.
2| M it ] Y. Zr. Th. Ti.
o e 2
nazt 31| Ce. La. Fe. Nd.
igh yttri Y. Er. Gd. Sm.
2 High yttrium raw China Er. Gd. Sm
earth Nd. La. Ca.
. Y. Zr. Th. Ce.
24 | Zenotime Japan
La.Ca.

1) Element obtained from fluorecent X-ray analysis.
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Table 4 Analytical line of scandium and
yttrium group.
R LiF
[Z E Anal. line (28)
21 Sc Ke 96.55
K, 23.81
39 Y |
Kan 21.17
L, .
63| Eu 1 63.51
La 56.94
Ld .
61| Gd 1 61.05
La 54.59
L. .
65| Yb i 58.76
Lo 52.36
Lo 56.58
66| D
v Ls 50.24
Lﬂ’ .
671 Ho 1 54.52
Lan 48.27
L. 52.61
68| Er '
Lp 46.41
Lﬂ .
60| Tm 1 50.74
Ly 44 .65
L. .
70| b 1 49.05
La 42.99
LIZ -
711l Lu 1 47 .40
Lo 41.41
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Table 4 5
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Table 5 Analytical line of cerium group

. : LiF
Z E Anal. line (28) |
Le .
57| La ) 82.85
L 75.21
L .
ss| Ce a1 78.96
Lan 71.59
L. .
so| Pr : 75.39
Ls, 68.23
L. .
60l Nd | 72.08
La 65.06
L .
61| Pm . 69.05
\ La 62.21
L
62| Sm o 66.18
L, 59.48
X Fig. 1
X X Table 6

Fig. 1 Spectrum of standard samples (50mg)
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22 1981
Table 6 Relationship between analytical
lineand X ray intensity
Standard ; Inten- . Inten-
No (50mg) Anal. line Sity Anal. line sity
1| Z0, ZRe 102 | ZiKg 20
2 Y,0, YKea 100 YK3, 23 10
3| Sr(NO,), SrKe 54 SrKa, —
4 Zn0 ZnKa 61 ZnKg, 15 50mg 100mg 50mg
5| H,WO, | WLa 20 | WLg 16 YKo /ZnK
6 Nd,0, NdLa, 44 NdLg, 3 o Fig. 2
7 V,0s VKa 12 VK@ —
8 CeO, CeLa, 6 CeLp, —
9 La,04 LaLa, 4 LalLg, 3
10| Bao Bake 16 | Bala 6 1.0t
11 Sc,0s ScKa 23 ScK a3, —
12| Ca0 CaKa 14 | CaKa 3 2
s 0.8f
ey
Ei
é 0.6F
y
2 0.4t
N
3
>~ 0.2F o
10 20 30 40  50mg
Yan
Fig. 2 Calibration curve for Yttrium
100mg
X Table 7 100mg 50mg
Table 7 Analytical line for measurement YKo ZnKa
"‘-I"'i {'ll'l'.ujrl'l Apal | 'r:- [ LiF ]
No| Compce ; 5 )
1 ¥l YEa 2341
2 S0, Sria 25,16
5 Fath] Inka | 41.81
i el 03, Ml 506
5 W el | VKo TE. 42
4 Coell, Cela, TE_ O
T Lad0 Lala, B2 HE
e ! 20 100mg
B Bal Bal.g, EV. 13
] Caill Cabla 113,08 S0mg

S — : CeLa VKa Fig. 3
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Lor 100mg
2
& 0.8F 1
Z
B
£ 0.6f
=
O 20 100mg
£ 04
? ’ 50mg 100mg
4: 100mg
< 0.2r NdLa  VKa Fig. 5
30 40 60 80 100 me
Ce O, 0.5r
. . . . 2
Fig. 3 Calibration curve for Cerium b 0.4+
i
2
g 0.3f
100mg =
0.2
>
3
3 o.1F
2 0.
20 100mg R ) . \ ,
50mg 20 40 60 80 1():() mg
LalLa a Fig. 4 Nd.0;
Fig.5 Calibration curve for Neodymium
0.6r
i 20 100mg
2
s 0.4f _
; CaKa VKa Fig. 6
g |
5
3 X
= 0.2t x
3
—
<
5 L
VKa CaKa
i 1 1 It L : (1)
20 40 60 80 100" mg "
La,0, @

Fig. 4 Calibration curve for Lanthanum
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0.6r

0.4

CaKa, VKa Intensity ratio

0.2¢

1 1 i 1

20 40 60 30 100 mg
CaO

Fig. 6 Calibration curve for Calcium

20 100mg
50mg
BaLa VKa Fig. 7
X

Table 8 Analytical results of sample
A. Cerium oxide
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BaLa,”VKa Intensity ratio
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2.0k

—
Ul
T

—
(=
T

<
%3]
T

1 1 L 1

1
20 40 60 30 100 mg
BaO

Fig. 7 Calibration curve for Barium

Table 8 9 10

Sample Component(%)| Y,0, | CeO, | La,O; | Nd&,Os | SrO Ca0 | BaO
1 Cerium oxide 90FA 0.3 90.7 2.2 4.5 0.0 0.4 0.0
2 Cerium oxide cerox 0.0 97.5 2.2 0.0 0.0 0.6 0.0
3 Cerite 419 0.1 52.2 4.1 13.5 2.1 8.9 5.5
4 Cerium oxide 0.2 57.9 25.0 8.7 0.2 1.0 1.6
5 Cerium oxide 0.6 59.2 23.8 8.5 0.2 1.1 1.5
6 Cerium oxide 0.5 49.1 22.0 27.2 0.0 0.9 0.0
7 Regipol 119 0.1 43.0 31.8 11.1 0.5 1.9 3.3




Table 9 Analytical results of sample

B Rare earth fluoride

Sample Component (%) | v,0, | CeO, | La,0, | Nd,O; | SrO Ca0O BaO
8 Leached bastnasite 0.2 37.0 27.4 8.5 0.0 1.0 1.3
9 Rare earth fluoride 0.3 4.3 22.0 19.2 0.0 2.2 0.4
10 Cerium concentrate 0.1 79.3 4.8 0.5 1.6 5.7 5.0
11 Rare earth fluoride 0.2 12.2 36.0 3.8 2.0 7.6 11.4
12 Rare earth fluoride 0.2 18.5 39.1 7.0 1.4 6.5 11.0
13 Rare earth fluoride 2.5 43.2 22.2 22.3 0.0 1.7 0.1
14 Regipol 500 ST 0.5 67.4 3.9 0.0 3.2 6.6 5.2
Table 10 Analytical results of sample
C Cerium hydrate Rare earth chloride etc
Sample Component (%) | Y,0, | CeO, | La0, | Nd,O, | SrO | CaO | BaO
15 Hydroxyde de cerium 0.0 88.1 11.4 0.0 0.0 0.6 0.0
16 Hydroxyde de cerium 85 0.0 77.5 15.2 0.0 0.0 0.6 0.0
17 Cerium hydrate 0.8 90.2 1.3 2.7 0.0 0.9 0.0
18 Cerium hydrate concentrate 0.0 72.9 3.2 0.0 2.5 6.8 4.8
19 Para earth chloride 0.0 48.1 24.1 16.8 0.5 6.2 0.0
20 Para earth chloride 0.0 46.0 24.7 14.0 0.0 4.3 1.4
21 Monazite residue 1.8 48.8 22.3 17.5 0.0 3.3 0.0
22 Monazite 20.2 2.1 0.9 0.0 0.0 1.8 0.0
23 High yttrium raw eath 72.7 0.0 1.3 3.3 0.0 2.3 0.0
24 Zenotime 6.0 17.2 8.6 7.0 0.0 2.3 0.0
X
N E Topp 1974
1971
X 60 ) 1964
X 66 ) 1965




