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graphlte T2E Agdgey, ZE HEF R
452 A A53A ggc, & Q479
71 2286l A graphite 2532 buffer & A}838)
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a8y A AFsicte 499 FAs 2 3
Zhe 7 1 EH 2B Pl A& Ao o, Y
Hog doAe Ao|7] A Fo)] olof s EF
g E4ubgelgich vl £ Q7oA &
WhA 24 dulA o7 ARRE3 gl NaCl, KC,
LiF § AgClg A 83tz JEFREY A=
£ oulE &3 AT kA Aol g
223 A =3,

4 #

Al Lay0s; NdOs, Y05 CeO, PrgOp,
Er0s, LuzOs TmyOs YbyOs, ThyOp, HoOy,
Dy;0s, Gd:0s Smx0; ¥ Eu,05 = ¢% 99.9%
0] 32} Aldrich A}, Johnson Matchey A}, Wako
A} AEFL AML3lE 3, graphite powder =
Union Carbide & 200mesh ©] &4 A& AL&3}
Aen, AgCls} KCI-2 Johnson Matthey A}9}
A FE, LiF & Merck 29| HFAgE A3}
s,

Table 1. Instrumental conditions

Spectrograph Jarrell-Ash 3.4m Ebert
590 grooves/mm grating, first
order

Wavelength, A 2900~4200

Slit width, mm 0.01
Slit height, mm 2

Step Filter 100~36.8~24.6% T

Excitation source Jarrell-Ash Varisource, dc-arc

Voltage, V 220

Current, A 2.6

Polarity Sample positive

Electrodes Sample-6mm diameter, 16mm
long 4mm crater depth, 3mm
crater diameter Counter-38mm
pointed electrode

Controlled Stallwood Jet

atmosphere
Gas Mixture Ar+0,(8:2)

Electrode gap, mm |4
Exposure time, sec |65

Kodak SA-1

Kodak D-19, 20°C, S5min
Two step method, Iron arc

Emulsion plate
Developer
Plate calibration

BESY. B8R JEFHULES 0.0l
—6ug/10pl 8] S X7} 9 £2 3M HCl o] %¢ &
B2 AHESAZ o] fAFo] olEFL, = ¥
=7t 0.16pg/10pl 74 HEE ZoARE,
CeO, gt2- HNO; 8} H.0, 2 £33tz Stz
AR e+ 3M HCl 2 94 ¥ mtEqr)

BMAE 2ulA ) graphite powder & 1:1 2
4] Wig-L-Bug 2 2 4] 2 %38 Spectroscopic
buffer 10mg & ¥ X <¢FL Kerosene 2.3 #l4
A ATl AYL =2 dolel A =
TEY 104 & AP v AW oz Ax
AZ et

7171 42 €347 e  Jarrell-Ash  3.4m
Ebert Type & A3z AZxe &3
Jarrell-AshA}ke]  Microphotometer & A28}
cF, Adsls] 22 Table 13 7o),

&2 3 o

dc-arc = Spark Wt RrlE zkE7t ER) g A
Aol glemz T4 HF 449 Wi 7§ gol
M A EEES ALt elmt AHAYE
AFE @& T vk AEF 949 4% 4
of Pd, Zr, Tm && WP T£E2 A3 o
7F Joaen 2 g oAy B3ty 47
o] oik3] uj&dln X Eeddo] w2y HFys

Table. 2. Analytical lines and excitation potentials
of rare earth elements

Wave- | Exciation [ ernal| Wave- { Excitation

REE| length | potential |_ tandard| [€n8th | potential
(A) (ev) A) (ev)

Lu 3077. 6] 5.6 Y 3242. 2 4.0
Yh 3289.3 3.7
La 3337, 4.1
Gd 3422, :] 3.8
Ho 3456. 0 Y 3611. O 3.5
Tm | 3462.2 35 3600. 7 3.6
Tb 3509.1 3.5
Dy | 353L7 3.5
Sm 3634. 2 3.6
Er 3692. 6 3.5

3774. 3.4

Eu 3971. 9 3.3 Y 3710.g| 3.5
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JeEFE UWEIEEEEZ ALIAr. oEFE
HEF Q&5 shao] AdAHI} ATl sl
(Table 2) o}l oet Astes oHAY A= A
Bloll WE Aol s A 4 AP wEAE 47
2% e ol gl x=FA7d #HEE
T fas RIFEY AR v 4
Azkel FA gol < 1 8F¢ 94T Aes v}
Bttt (Fig . 449 A& 71538 & o
E A4E9 wEdo| oAd¥A g Rer 4
93] eh, ¢l & 54 Erg 745 3372.71A9) 4
240] 757} 3sie ) 3372.8Ad Q& Ti
Q w2y el 239 AREs 2eh %
3692.65A & Aoz 9l 2 v)g

Table 3. Detection limits obtained with different
carriers (in micrograms)

Carriers
agCl | LiF [AeflE | ko [RCOE
Lu | 028 | 0.28 | 0.29 | 0.28 | 0.19
La — | 028 | 028 | 0.28 | 0.19
6d | 028 | 028 | 0.19 | 019 | 01
Ho | 028 | 019 | 019 | 01 | .05
Tm | 019 [ 01 | 019 | 01 | 0.0
Th — o] — 10z |o01
Dy o1 | 01 |01 | o1 | 008
Er | 048 | 019 | 0.28 | 019 | 0.1
Eu | 048 [ 019 | 019 | 0.1 | 0.1

Elements

Tabie 4. Detection limits and working range of rare
earth elements

Analytical | Detection | Range of
Elements line limits  |determina
(A) (¢g) tion (pgl
Lu 3077.6 0.08 0.12~1.0
Yb 3289.3 0. 005 0.01~0.12
La 3337.4 0.08 0.12~1.0
Gd 3422. 4 0.08 0.12~1.0
Ho 3456. ¢ 0.4 0.08~0.5
Tm 3462. 2 0.04 0.08~0.8
Th 3509.1 0.08 .12~1.0
Dy 3631.7 0.02 0. 04~0.5
Er 3692.6 0.08 0.12~1.0
Sm 3634. 2 0.2 0.3 ~2
Eu 3971.9 0.08 0.12~0.8

Tio] glgel sy 3372.71A 9 B4 & ¥
Aoz A43 B SAFAE #3257 9
S Aoz P$gd(Fig 2),

D445 SAMAFES 29 (Table3), Step
filter & 24.6% 2314 & 9, A&7 A
wel = k5ol GE Ao F ek}, Vainstein
ol o3 o] 23l ANt Fe &BeFH

-
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Fig. 1. Effect of exposure time on analytical line

e Yh(3289.3 A) Dy (3531.7 A)
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Ho (3456.0 A)

® Y @611.0 A)

Intansity ratio

L1 1y 1 1
0.5 1.0 5.0

Concentration in micragrams

Fig. 2, Calibration Curves obtained from different

analytical line. Carrier: KCI+LiF (1 : 1)/graphite

powder(l : 1), Atmosphere control gas: Ar+0,(8:2),
Er (3372.7 A)

Step filter: 24.6%T O~y (3533 2 Ay
Er (3602.6 A)
*TY @610 A)

Journal of the Korean Chemical Society



A F B 298 9% HEF a3 2] AP 343

o -

n &)
T T 1T T T
\

| S U

0.5

Inensity raric
o
T T LR AR T

B SN R N I 1 11 11114

1.0 5.0
Concentretlion in micragrams

Fig. 3 Calibration Curves of Dy obtained from
different carriers. W : KC14+LiF(1 : 1) A:LiF o : AgCl
+LiF(1:1) a:KCl O: AgCl Step filter: 24.6%T
Atmosphere control gas: Ar+0,(8:2)

Dy (3531.7 A)

Y (3611.0 &)

T THE AR RE WE arc & A A7)
X arc BE A ol IS ZAHAA
1249 RAEE SRR Bedtze g,
¢ A5 EEF 424 2 Az CN
eteigel 9%k CN Band 9] §4-¢ ojz)5}e,
AEE FAAYE Aer A QB
Al A 7l a8 I 98 &8 xzeo=
A 222 AgCl, LiF, KClZo] 9=,
ol 5L wEos ALP LY mrhEKCI+LiF
Q:D9 EFEE +dz Qe e w7
ARAEA F7rstd EAEA Rl Fe Aow
velteh(Fig 3). A& ALR5HR) 44re )
+ arc 7} W33 EAF L= EY)2E A
(atmosphere control gas) & A14-3 & o] & 3
EF 9459 g2 2d=d9g9s CN Band

Vol. 28, No.5, 1984

[~

= A)
I,OL >
05
-g Lt 3 o1ty 1 [N IR N
>
2 - B
W
:c: /
1.0t
05
S A R TS T S S W
0.5 1.0 5.0

Concentrotion i micregrgms
Fig. 4 Calibration curves of Er and Eu obtained from
different atmosphere. O :Ar+02(8:2) A :Ar+0;
(7 : 3) Carrier: KCI4+-LiF(1 : 1)/graphite powder(l :

1) 10mg, Step filter: 24 6%T, A:%L
__Er (3692.6 A)
By (3611.0 Ay
Al 94 25 U9 4348 9%
T Fadh
Z 9 (arc source) ¥-919 97 24 A=

CN Band 8] AlAE 9138 Ag3te Aoz, &
438 Arvte A83W CN Band & AA Y
NESF A4FY AR=7 G4 vdehinz
Ar+0: 8 ERAAE A4l F& Aoz ¢
B Aus, B ARz ez Ar+0, TY 7
Aol vl g AN & A5 7:33 8:2 9
o] 24l AREE At E38 B 4+ 9
A2 53] 8:2 249 ITPAAE L9
W Er, Gd, Tm, Ho, Th¥] ZE& Z}47] &
ARE 4L T A} (Fig. 9

A 7€T AHAP2AEL AR,
KCI+LiF(1: 1) &%E5& $uxtz ot Step
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Fig. 5. Calibration curves of rare earth elements 1)

Ho. 2) Gd. 8) Lu. 4) La. 5) Yb. 6) Dy. 7) Tm.
8) Eu. 9 Th. 10) Er. 11) Sm. Carrier: KCI+LF.
(1:1)/graphite powder (1:1) 10mig, Atmosphere
contro} gas: Ar+Q, (8:2), Step filter: 36.8%T.

filter 36.8%, 47 24 7|2 Ar+0:(8: 2)
E AMEA 4 1) HEF U O A
FEAE Fig 58 2ol 48 7 e, °18%
2% A 1159 EF Y&£EE FA
AFYE U e R Bgget,
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