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ABSTRACT. The effect of plasma operational parameters for the determination of rare earth
elements(REE) by means of inductively coupled plasma(ICP) spectrometry was investigated. While
the increase in the flow rate of carrier gas argon enhanced the sensitivity and lowered the detection
limit, significant ionization interferences were observed. The decrease in RF power increased the
signal to background ratio. The observation point showing the lowest ionization interference was
slightly higher than the position where the spatial profile of the analyte reached the maximum.
The detection limits of the spectral lines commonly used for the determination of REE were
measured and the spectral lines relatively free from spectral interferences were chosen.
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Fig. 1. Plasma torch configuration and nomenclature
system.

Table 1. Plasma operating conditions and parameters

Generator Labtest Plasmascan 710,
27. 12MHz

Power 1. 2KW

Torch outer, intermediate and inner
tube orifice having diameter
18,12, 1. 5mm

Nebulizer GMK

Sample Uptake 1. 8m!/min

Carrier 0. 8//min
Coolant 15//min
13mm aboveRF coil

Argon Flow Rate

Observation Height

Spectrograph Grating with 1800 grooves/mm
Dispersion, 0. 8nm/mm first order
Blazed at 300nm
Slit width, Entrance(204m)
Exit (204m)
Integration Time 1 sec

3 9 D3
2HEZMO| HE FH. ICPH4 o &=

E ~Ad e 4L soft line# hard lineoz £
F-slcl, Soft line & Zghavw} torch § 7H&-d| %
FollA A5 gu AN} Zae dFoez 3
vt FALE vt 32 48 AVl 29 E
2 9] spatial profile’® o] BHzAse A 294
S S5 AY EefantAEg2Add 24 o
Fg e 2gEeyg oot olo] uhsle] hard
line & Z-2lxvl AF275) AHEHJAHES &
Eo v o]l A ¢lol spatial profile 9 A o]
¥l 23 RF 2Qe4 ¥ A4 2o]d A 11e}
e 29 EJH 0 2A o] A Fepavte] F
T 2% A7 4o £ d FolA £ hard line
% A4z nAsgn

ICP g4 F2 ol&HE IEFILEY
hard line 2 28 A5 Table2 2ov] &
AT 15 2HEHA Fo)A Dy 353.170
nm & Tm 346. 124nm & 7 3} spatial profile
& FAHRE o5 2F EZA g A&
Sk A9 Abg-gke] Alglo] RF2d Ady
oAl 4 %E 10mm §-ZA HNAE 2z Q%
25 o] Fdl A Dy 353.170nm 42| A 5217 )
A-g-2kol| BlE spatial profile 58 B9l Fig. 29}
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Fig. 2. Effect of carrier gas flow rate on the spatlal

profile of 353, 170nm dysprcoslum line, —-—-— .1
blank. : 1ppm Dy. - 1ppm Dy+
2000ppm Na.

Table 2. Detection limits and interfering elements for

the selected rare earth spectral lines

Wave- Detection .
Element length limit Iﬁ:lf:;f:;i;g
nm ppb
Y 371.029 1.7 {Ca, T1)2®
408. 671 14
La | 308852 14 B .G
€, 11,08, La,
379. 489 7.6 Nd)®
418, 660 49 Dyll, (Fe, Sc)to
Ce | 413.765| 38 Y11, (Ca, Ti, S1)®
413. 380 45 (Pr, Fe, Dy)2
422. 293 61
Pr 418.948 69 yu
417. 942 52
290. 844 38 (Ce, V)1t
430.388 | 77 (Zr, Fe)t
Nd 417.732 &5
401. 225 32 Cell
442. 214 37 Ce, Pr
Sm 359. 260 26 Y21, (W, Fe, Nd)20
443, 380 48
420. 505 2.7 Gd2
Eu 412.970 2.6 (Gd, Dy)2, Y10
390. 710 6.5 (Fe, S¢)2
381. 967 1.1 (Fe, Nd, Dy)20
364. 620 14
324. 247 10 (Ce, Dy, Sm)1t
Gd | 310050 13
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303.285 | 37
o | 67635 19
350.917 | 13 (Sm, Ho)1, Zr2
400.048| 25 Fe2t
Dy | 353.170 5.3 | Mn%, (Sm, Nd, )2
340.780 | 16 :
Ho | 345-600 3.1 | YN, (Ti,Zn®n
uLe6| 15 (Th, En)lt
300.631) 18
e | 369224 g2 |yn
349.910| 15
337.271 55 | Tian
376.133 | 16 Ti, Pr
o | 346124 7.0 | Y, Ce
342, 508 7.3 | (Dy, Er)1, En, Ce
313. 126 3.5 | EuCe
369. 420 1.1 (Ti, Fe)2!
Tb | 328.937 0.7
289, 144 3.4
350.739 | 10 yed
Lu | 347.248| 12
261. 542 0.4 |W

@ Interferences which have not the references are
the observed ones,

Table 3. Effect of carrier gas flow rate on the signal/
background of Dy 353.170nm speciral line

s Signal to
Flow Rate I/min Backgroand Ratio
0.4 0.17
0.8 0.44
1.0 0.83

Observation point; 13mm above RF coil. Number
of measurements; 10. Integration time; 1 sec. Con-
centration of Dy; 100 ppb.
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Table 4. Effect of RF power variation on the signal/
background of Dy 853. 170nm spectral line

Power KW Signal to background ratio
1.0 0.76
1.1 0.56
1.2 0.44
1.3 0.31
1.4 0.25
1.5 0.18

Experimental conditions are the same as that in
Table 3.
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Fig. 3. Effect of RF power level on the spatial profile
of 353.170nm dysprosium line. —-—-—- : blank.

: 1ppm Dy. swveenenes s Ippm Dy 4+ 2000ppm
Na Carrier ges flow rate: 0.8//min.

Table 5. Effect of sodium concentration on the relative

recovery percents of Dy 353. 170nm and Tm 346.124
nm lines

Na added(ppm)
Element
0 | 1000 | 2000 | 4000 | 6000 | 8000
Dy 1000 98.3 94.4] 89.0| 85.6] 83.5
Tm 100 97.0] 94.0| 89.9 88.3 85.8

Analyte Concentration; 2.5ppm. Observation Point:
13mm above RF Coil. Carrier Gas Flow Rate; 0. 8!
/min.

S50ppm(La, Ce, Nd)7}=] ETPslded oL
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2n, Tm 342.508nm 2] ~W 832 Eu 342.
502nm 8} Ce 342.534nm &] 7+A3 & wlo} Au]=
AAE AA37] 18 BuRolEd A Ce
9] o] A Eud Fgo] domz i}
Aol 29 FA4A) CeFrd e WEHEZA
2l Table6lA & F YE vig) 2o
FAEAUY HEFIEEY 35¢L TmHg
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Table 6. Recoveries for the synthetic solution®f rare
earth elements

Wave. mg, in 500m! [Reco- iInter-
Element | length very| fering
nm added | found %  |Elements
Y 371.029 5.0 5. 25 105. 0f
La 379.480 25.0 ! 26.3 105. 2
Ce 413.765 25.0 | 25.9 103. 6

Pr 417.942) 10.¢ 9.75 97. 5(Ce, Nd)

Nd 430.358| 25.0 [ 26.2 104. §(Ce, Sm)
Sm 443.380, 5.0 5.12 102. 5Fe

Eu 381,967, 0.5 0. 505 101. 0|(Ce, Nd)
Gd 310,051 2.5 2.58 103.2

Th 350.917] 1.0 1.05 104.5

Dy 353.17¢¢ 1.25] I1.30 104. 3

Ho 345.6000 0.5 0.518 103. 6

Er 349.9100 5.0 4.81 96. 3[Ti, Th

Tm 346.124f 0.05 | 0.0600 120.9/Ce
Yhb 328.9371 0.5 0. 523 104. 6)(Th)
Lu 261.542) 0,025 0.0262 104.5

( ); high concentration ratio of matrix elements
to analyte may cause spectral interference,

Ay TF 5% P94 F A
BLIAIO|E Al22] BA. B T4 o] &3
Ao Eo] FAA A} X-A FAYE AR
F 3439 EHQYeE AT Ade Table
75} 2}, X-A ¥PYPL TP WG
£ Zo|7| 93t lithium tetraborate & §A =
3] glass bead & whEo] EEFE AP LR &
Astgder. F el g8 24 29E 2d
6709 94F Y, La, Ce = FA MRl TAQ
o) FAy3Ach =9} Pr, Nd, Sm-& 30% A
714 #o)E Rolx ¥ ol FAWY
A% Aoletn® & 4 ARt deoz o g
£ o 2AE ook dlelstz A4
Chondrite normalizing 317222 ®jj oFA| 8] &
A, 94, ATLASAA SiE 7E3d =He
a9 g & T8 gor didez =
53324 2] chondrite abundance 4 A4
T AFAE Zn ez AER FE4 4
A+E Feldted o Vs Aot PR E QT
AA L Table79 ZiAolE F8 HEFdx
278t chondrite normalizing 3t 2. 3-E]
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Table 7. Analytical results of monazite samples and
chondrite normalizing value

Found, % Chon-
Element |Korean monazite ‘?;:g;;az]ii;n Nor%%:flz
ICP XRF* | ICP XRF* | Value
Y 1.2 1.3 L2 1.2 —
La 10.7 1.0 13.4 13.4f 0.33
Ce 21.2 23.6 28.5 28.6) 0.88
Pr 31 2.2 2.9 2.1 0.11
Nd 8.2 10.5 10.9 13.4f] 0.60
Sm 1.4 1.1} 1.8 1.3 0.181
Eu 0. 058 —t 0.058 —| 0.069
Gd 0.58 —! 0.75 — 0.249
Tb 0.081 — 0.11 — 0.047
Dy 0.29 — 0.36 — 0.325
Ho 0. 060 —| 0.064 —~— 0.070
Er 0.11 — 0.17 —{ 020
Tm 0.015 —| 0.020 -—j 0.030
Yb 0. 040 —| 0.075 — 0.20
Lu 0. 0039 — 0.0049 —| 0.034

* X-ray fluorescence spectrometry.
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Fig. 4. Chondrite Abundance Curves for Korean and
Australian Monazite, — : Australian Monazite.
seserere 3 Korean Monazite,
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