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ICP-AES With MSF for Determination of Th and U
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Abstract: This paper is mainly focused on the determination of trace element Th in U-base
and trace element U in Th-base by ICP-AES. The interference elimination study was carried
out by the method of MSF technology. At ratios of p(U)/p(Th) and p(Th)/p(U) is in the
0.1 to 200 : 1.0, the relative deviations are 0.33%-4.13%, 4%-10% at
401. 913 nm of Th and 409. 014 nm of U, respectively. It was concluded that this method is

range of 200 :

simple and reliable.
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Ivaldi % Ff] MSF 2 52 7 4% 40 56 1k o 1
In, Xf 24 DNICHRMBFF LD MSFE 245 2] 19 K5 1
BB ik e T 2~5 %, RAEH S L E
LA A (MSE) H1 R 06 1% T P03 00 2 4K 2% v %
B 1 ADWYAER R E R 10 K AFAEFO6IE T
Yoy P 213 nm %4k R A MSF % 1E J5 0 G A% 2 )%
FASE BRI T - O FAEAE IS TR % 1 P 178 nm
TR W R 5 A% A R R 22 (s TE 200 L)
PR BR A b H P 178 nm R Y /N 10 fif .
TERFFEAZIRBL G A B Thorex T 4B &% &
iR Th iy Ul a3 K& U f1i The KM
Th. U (iR #8AEH 244 Th ) KA 7EH 02
X U Bl 1 O™ OGR4, R Z 8
VIS V& PSS i BUR RS 5 g N DD 0 N I
B T T B G S R R R R SO
(ICP-AES) W) 43 Hrill € . A TAE 221k A MSF
FETEAL IE s o T A 3 I RS IE AR T L 6 — S S R Y
() Th U LB (4 B 5 R e 3d 1% o 88 4 ik A7
ICP-AES 43 #r i i - %5 245 3l g4k

AR5y

1.1 A0SR

U, Th AR #EE W (1 000 mg/L) , AL 26, [H 2]
£ AL 2R A BR A 7] 5w =65% i HNO, ., i %%
afi, M B A B\ s B 2K, L FH 2R 18,2 MQ -
cm, i Millipore #8 #li /K 4b PR R G il 75 .

Optima 8000 % ICP-AES, % [ PerkinElmer
INFL
1.2 (UREHRREF

R ZH T3 1,

1

h

#1 UM

Table 1 Instrument parameters
2%k (Parameters) B {H (Values)
SR A 4% (RFG) 10. 68 Hz
RF Ifj & (RF power) 1300 W
FE S e ] (Delay time) 30 s
B S M (Plasma gas flow rate ) 15. 0 L/min
8 B <3 &t (Coolant gas flow rate) 0.2 L/min
F AL i i (Carrier gas flow rate) 0.55 L/min

1.5 mL/min

i $2 T i (Pump rate)
JCE MK (Element and wavelength) U 409. 014 nm

Th 401. 913 nm

1.3 XWHE

L.3.1 FRfEisi i sl 4% 1000 mg/L ) Th i
U bR 2 O M BE S 0. 1,0. 2,0.5,1. 0 mg/ L,
1.3.2 BRI ECH 43 ] 200 mg/L
19 Th 1 U RS WAE R T B A s 550 T
2, WAFERIKE 3 ATATHE.

*2 HAFEEE

Table 2 Information of sample

o/(mg+ L™
No. p(Th) /p(U)
Th U
1+ 0.1 200 0.1: 200
24 0.2 200 0.2: 200
34 0.5 200 0.5+ 200
e 1.0 200 1.0 ¢ 200
54 200 0.1 200 : 0.1
6+ 200 0.2 200 : 0.2
74 200 0.5 200+ 0.5
8+ 200 1.0 200 1.0

1.3.3  Zo0big A ¢ MSE) U #E 7

(1) Yk &

A3 B 3 7] A5 1V YRR 45 R D T R R gk
T8 0 2 0 2 s Y L BT R O
WeFE A 0.2.100 mg/L % U Fl Th, 25 [ 3% R
i HNO, .

(2) ##57 MSF

JE . MSF B0 kb 3R )7 4T JF 335 B 46 1
BRI AEAS TR TINS5 AE 4y B
R RER MY a. T 1,254 b, SR 5 &
S —A~ MSF U, IR BT g 57 /) MSF 878 73
B ORI S QNS5 SRANAE TS IR R v B R X
BT H R ITRER, HEXHZER, &
J& AT N FH I MSF A5 R 3E 47 8 R0 9 47
L34 BEADNE LB KU br ik 2R 51 R
il R4S UL RE 5 V5 8 DU A5 %) B His R F MISF 57
Bb 55 ¢ 15 il ) 45 SR AR Ak

2 #FR5iTR

2.1 FAEKEKTHIERE

K 1 & 100 mg/L 1y U FE 401. 721~402. 099 nm
0 A Sk s I, Th i 5 & SRR K R
401.913 nm, & 2 J& 100 mg/L B9 Th 7E K K
408. 818~409. 204 nm 74 [l 19 I 7 & 5% &, U 17
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R RS AR AL B K Ty 409. 014 nm, K T ] LA
EH,100 mg/L A U £ 401. 913 nm Th JE KT,
A U, i R RIS S . KR U TR
2% Th (00 5E & 5™ 5 0 O63E T4 U fE K
409. 014 nm T, Kt Th (AA7Ed X U B &
SO E DG T, K Th il U s K&
U ] Th 3425 3 B ™ 500 & 3R 2% .

i i (Intensity)

401.721 402.099

A/nm

1 100 mg/L ) U %E
401.721~402. 099 nm N 1y 3% &
Fig. 1 Spectra display of 401. 721-402. 099 nm

at U mass concentration of 100 mg/L

M

409.204

i ¥ (Intensity)

408.818
A/nm

& 2 100 mg/L iy Th 1¢
408. 818~409. 204 nm N 1y &l
Fig. 2 Spectra display of 408. 818-409. 204 nm

at Th mass concentration of 100 mg/L
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¥ )% (Intensity)

2.2 A MSFRIRIERBENETW

Ph 3% #4ih (o(U) =200 mg/L,p(Th) =0.5 mg/
L) Fi 7##1‘—:‘!21:1[15((0(’1‘}1):200 mg/L,p(U):O. 5 mg/L)
Sl L IE ] MSF 8RR 5 0608 19 A2 4k 45
AT 3. MW 3 AT LA H . 25 MSF SR I
J&i s AT ARG ks T 06 43 85 1 2 AR 20 40 BT P
g F B ) R 58 3
2.3 A MSF#ERGERNTH

2$3 4 401.913 nm Th K F kK& U & Th
TR ELR . WK 3 ATLUEL, U Bk
200 mg/ L B BEADURE i Th BRit ik By 0. 1~
1.0 mg/L,ICP-AES #£ Th I & 401. 913 nm i
SIS Th [T & W BE 43 0 2 4. 50~5. 53 mg/L,
T 3% 2%k 453 % ~ 4 400% , ™ & 2k .,
MSF K1) J5 . Th 78 401. 913 nm P K T, I &
BREALH 0.33% ~4.13% KB BEH 2. 01% ~
3.19% (n=3) . BT A% LN . LB Fa 5E - ] A2 45
W . R ZE A ER TR B L (o(UD /p(Th))
FE200 2 0.1~200 ¢ 1.0 JEE Y. 24 Th KN
401. 913 nm, Rl AN 28 2o T 43 25, 0 8 8% X K it
U 1 Th fF 4758k o b I 2

%44 409.014 nm U JE KB k& Th i U
TEMNEZER., NFE 4 IE . Th kg
k200 mg/ L B EERLRE S U BREEVREE D 0. 1~
1.0 mg/L,ICP-AES 7£ U K& 409. 014 nm
SEAS R U STk B 4 1 0. 66~1. 70 mg/ L.,
M FHR2ETE 70% ~560% . 4 MSF #5518
409. 014 nm U K F M &2 HR 426 ~10%,
KN 0.61%~4.91% (n=3), [H . 1%L 4l
W L (oC(Th) /pCUD)AE 200 2 0. 1~200 ¢ 1.0 Jg
BN 2688 U P Ky 409. 014 nm, W1 5RAR 4828 $i
Iy .3 MSF A I3, 4 Kit Th of U A9 &
RerE— & B A s .

(b)

¥ ¥ (Intensity)

401.913
A/nm

409.014
A/nm

1— & IE Hij (Before correction) , 2-— % 1F J5 ( After correction)
Bl 3 p(U)/p(Th) =200 : 0.5 F p(Th) /p(U) =200 : 0.5 % T Th(a)  Uh) %A
Fig. 3 Spectrum of Th(a) and U(b) at p(U)/p(Th) =200 : 0.5 and p(Th)/p(U) =200 : 0.5
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# 3 Th¥Eky 401 913 nm B K4 U H Th & & 10E

Table 3 Determination of trace Th in U-based at Th 401. 913 nm
p(Th)/ (mg+ L") ¥ %% 3 (Precision) / % 5% 2% (Error) / %

. TR Be i i BER B iE i RIER B i Bk

(Theoretical (Before (After (Before (After (Before (After

value) correction) correction) correction) correction) correction) correction)

14 0.1 4. 50 0. 10 1.97 2.07 4400 0. 33
24 0.2 4.59 0. 20 0. 49 3.19 2 195 1. 83
34 0.5 4.98 0.52 0.97 2.01 897 4.13
4& 1.0 5.53 1.03 0.55 2.04 453 3. 86

¥ (Note) :n=3 +o(U) =200 mg/L

Fe4 UBEK Y 409. 014 nm B AT Thh U &R AGW &

Table 4 Determination of trace U in Th-based at U 409. 014 nm

o(U)/ (mg+ L™ G 9% J¥ (Precision) / % 5% 22 (Error) / %

No. IS {E 1 IE R KOE G 2 1E R L= K 1E Hif K IE G

(Theoretical (Before (After (Before (After (Before (After

value) correction) correction) correction) correction) correction) correction)
54 0.1 0. 66 0.11 1.21 4.61 560 10
6% 0.2 0.77 0.22 0.28 4.91 285 10
74 0.5 1. 10 0.52 1. 08 0. 89 120 4
84 1.0 1. 70 1. 10 1.72 0.61 70 10
# (Note) :n=3,p(Th) =200 mg/L
2.4 KHR S % Uk :

TERTIRALZE 554 T 5 38 1 Ay v 78 T A T4 il [1] Gopalkrishnan M. Radhakrishnan K, Dhami P S, et
2,3z ] MSF & 1IEM 2 200 mg/L Th.U AR % al. Determination of trace impurities in uranium,
Wi AE U.Th JC 2 ok 9% K Ab iy B & W 5 (. B 17 thorium and plutonium matrices by solvent extrac-
WSE 11U AR AR 22 AT HEAR 22 10 3 F5 4k tion and inductively coupled plasma atomic emission
7 v A R spectrometry[ J|. Talanta, 1997, 44, 169-176.

[2] Alamelu D, Choudhary A K, Aggarwal S K. Deter-
DL (200 mg/L. Th)=5s(200 mg/L. Th) X3= ot ies in thoria CThOL ) using 1
mination ol impurities in thoria > ) using laser
0.022X3=0.066 mg/LL U .. .
ablation inductively coupled plasma mass spectrome-
DL(200 mg/1. U) = (200 mg/L. U) X 3= try( LA-ICP-MS) [J]. ] Nuel Mater. 2010. 406:
0.007X3=0.021 mg/L. Th 356-359
R 200 mg/L Th,U %{ZF{%?{&X{I‘ U.Th ﬁ%lﬁg Liva [3] Fujino O, Umetani S, Ueno E. Determination of
M| BE%%U% 0.066.0.021 mg/L, uranium and thorium in apatite minerals by inductively
3 & B coupled plasma atomic emission spectrometry with sol-
= W vent extraction separation into diisobutyl ketone[]].

(1) W #~r 45& ry MSF f#, 5% i MSF Anal Chim Acta, 2000, 420: 65-71.
HEMGE K Uty Th k& Th U, B (4] L2235, ICP-AES S 3% + 4 & 1E 77 ik iy i s [ M.
3 T S B 1 5 0 AT 8 T 0BT o e AL RS L 1997,

) ZIHAMIAEMSE) BERREEHF 7 P T D Tt el Mo o oo

tus S tra: , . .
ot pCTho/p (U — 200 = 0.1~200 & 1.0 BL K o forcomparing st U -
(UD/o(Thy—200 £ 0. 1~200 * 1.0 5 [E g ded U (6] BRZETT . WRIFE . 2 Hl 2 il & (MSP) JR ot 3% 148
= 2 0.1~ : 1.035 y . . b AL S o S ;
pee " ' e P A 4 8 T 5 G 0 0 0 B o
P 409. 014 nm ., Th < 401. 913 nm, M & K& Th W FRAE L], B3 S2005 . 2000, 17(2) » 185- 189,
) = 2k 2 N SN U .
Py U ARKRAE U i The REBAERBIEE 7y pagy pmitn . £50 0601 4 OSP4 5 T 1

2% » 12 H MSF £ 1E % 200 mg/ L Th U FEAAR%
H ) UL Th #:BR 535124 0. 066 mg/ L 1 0. 021 mg/ L,
X} ZEARURE fih B o AT B — R L

6T I R AT R AR R JC &R Pb il Mo[ T . 4¢
PR 2= i CH SR BE 24 /D + 2007, 41 (4) . 557-
560.





