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Determination of Thorium i. e 23 Trace Elements in UF,
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Abstract: A method for determination of thorium i. e 23 trace elements in UF, is established.
In this work, UF, was dissolved by HNO; and 50230% H.O, with a volume ratio 1 : 1, then
evaporated to dry repeatedly for the removal of F~. By using a ¢15 mm X 105 mm CL-TBP
column extraction chromatography, Al i. e 22 trace elements were separated with uranium in
3 mol/LL HNO;, the sixth to fifteenth mL eluent were collected for determination by ICP-
AES. The recovery of these elements is between 97%-113%, and the relative standard
deviation (s,) is better than 5% (2 =75) unless Al, Ca, Ba and Bi. In 6 mol/L HCI, the
uranium was separated by TBP levextred resin chromatography, and the thorium was
determined by ICP-MS. The recovery of Th is between 91%-94 %, and the s, is within 5%
(n=5), and the detection limit of this separation method is 0. 037 ng/g UF,.
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MERAVE NI A R = WA IR = T Fi %
TR J2 M B 25 VS A b i Bl R L T ICP-AES
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Fig. 1 Elution curves of Cd, Fe, Ti, Mn, V and Cr
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Table 1 Recovery of parallel experiments
P I/ A Y%
1 2 3 4 5 S
Ca 85 91 121 150 119 113 20.7
Mg 101 100 98 105 101 101 2.1
Fe 98 100 95 98 93 97 2.4
Be 109 109 110 107 108 109 0.8
Ti 106 107 108 107 107 107 0.7
Vv 106 106 108 106 105 106 0.7
Cr 105 103 104 100 101 103 1.6
Mn 105 105 105 102 104 104 1.2
Ni 106 107 106 103 104 105 1.4
Cu 109 109 111 110 110 110 0.6
Zn 105 109 111 106 106 108 1.9
Zr 105 105 107 107 106 106 0.7
Mo 100 98 99 98 100 99 0.9
Cd 107 109 108 105 106 107 1.1
Sn 101 102 102 94 95 99 3.8
Sb 105 105 108 100 106 105 2.4
Ba 113 95 95 105 95 101 7.3
Ta 101 106 108 95 101 102 4.4
W 100 102 105 101 102 102 1.7
Pb 103 106 107 97 105 104 3.6
Bi 88 115 119 99 99 104 11.2
Al 108 94 87 103 91 97 8.1

F ISR TE 972 ~113% Z [i] . bk Al.Ca,Ba il Bi
b HAR T F [MIISCEE 1) ARG A 1 D 22 29 78 526 AN
(n=5), L. KHABEEREZEH, 24 105 mm, F
ZHT 5 mL B 10 mL A BIRAESS 615 mL
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Table 2 Content of trace elements in sample A

w/(pg+ g ' BLUF, i)

TR

1 2 3 4 5 6 7 - ¥ {5
Al 1.71 2.30 1.43 2.51 3. 62 1.78 2.78 2.30
Ca —17.7 —7.54 —10.7 28.0 30. 5 —11.2 28.5 5.71
Cr 1.43 1.51 1.60 1.56 1.50 1.49 1.62 1.53
Cu 0.33 0.35 0.31 0. 30 0. 30 0.34 0.32 0.32
Fe 17.7 19.1 16.2 16.8 16.8 16.2 21.1 17.7
Mg 0. 46 0. 65 0.19 0.53 0.73 0.11 0. 62 0.47
Mn 0.21 0.21 0.18 0.21 0.21 0.18 0.22 0. 20
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g3k 2
w/(ug + g B4 U, 1)
LR
1 2 3 4 5 6 7 S
Mo 0.19 0.19 0.19 0.19 0.18 0.22 0.18 0.19
Ni 1. 60 1. 35 1.37 1. 38 1.43 1. 31 1. 15 1. 37
Pb —0.01 0.07 0.11 0. 14 0.03 0. 10 0. 14 0.08
Zn 0. 86 0. 89 1. 05 3.24 3.01 0. 20 3.06 1. 76
Zr 0.10 0.11 0. 089 0.094 0.093 0.10 0. 084 0.095
Ba 0.076 0.135 0. 089 0.071 0.093
Be —0.001 0. 000 0. 001 0. 000 0. 000
Bi —0.033 —0.043 —0.015 —0.020 —0.028
Cd 0.003 0.010 0. 005 0.024 0.010
Sb 0. 141 0.027 0. 049 0. 083 0.075
Sn 0.015 0.012 0. 039 0.014 0.020
Ti 0.11 0.16 0.17 0. 25 0.17
\% 0.013 0.012 0.016 0.013 0.013
w 0. 046 —0.005 4 0.020 0.011 0.018
Ta —0.029 —0.018 0. 246 —0.015 0. 046
#3 BHMPERTITE S &
Table 3 Content of trace elements in sample B
w/(pg* g 1L UF, i)
LR
1 2 3 4 5 6 7 RS SLIER
Al 39.3 8.6 10.9 19.5 10. 5 13.8 14.1 16.7
Ba 0.52 0.42 0. 50 0. 46 0. 46 0.69 0.51 0.51
Ca 119.5 106. 6 108. 8 111.0 106. 8 120. 8 108. 9 111.8
Cr 6. 65 6. 39 6.99 6. 44 6. 30 6. 39 6. 40 6.51
Fe 23.0 23.0 26. 6 22.2 24.2 24. 4 27.8 24.5
Mg 5.93 5.29 5.22 5. 64 5.41 5.81 5.51 5. 54
Mn 0.73 0.49 0.51 0. 55 0.49 0. 54 0.58 0. 55
Mo 1. 30 1. 26 1. 27 1. 27 1. 26 1.27 1. 28 1. 27
Ni 28.7 29.7 37.8 29.0 29.1 29.2 30. 9 30. 6
Pb 0.48 —0.002 8 0.11 0.17 0.051 0. 087 0.082 0. 14
Ti 1.12 1.17 1. 25 1. 18 1. 14 1. 24 1. 25 1. 19
7n 0.65 0. 20 0. 34 0.49 0. 36 0.59 2.08 0.67
Zr 2.25 2.23 2.18 2.21 2.16 2.10 2.15 2.18
Be —0.005 43 —0. 000 96 0. 000 32 —0.002 0
Bi —0.041 0.033 0.071 0.021
Cd 0.003 2 0.001 0 0.002 9 0.002 4
Cu 0.10 0.18 0. 20 0.16
Sb 0.15 0. 14 0.12 0. 14
Sn —0.012 —0.015 —0.023 —0.016
Ta —0.073 —0.073 —0.074 —0.073
\% —0.012 —0.002 6 0.002 6 —0.004 1
W 0. 050 0.036 0. 047 0. 044




% 5 B 2 PSR AL Al P S T =R 2 BT R I E 301

FA IR R

Table 4 Detection limit of this analytical method

JLHR Kl PR/ Cug » g1 B UF 3P
Al 4. 45
Ba 0. 20
Ca 51.3
Cr 0. 26
Fe 1. 85
Mg 1. 20
Mn 0. 20
Mo 0.008 5
Ni 0.57
Pb 0. 34
Ti 0.032
Zn 5. 71
Zr 0.022
Be 0.003 8
Bi 0. 061
Cd 0. 031
Cu 0.079
Sb 0.097
Sn 0. 10
Ta 0.15
\ 0.014

0.033
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2.2.1 kBEEIZ M LE b T Th' AR TRLE
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RO B 10 mL A SRS 6 mL JF fh £ ik
Ve PR E] 10 mL Z( L, A 6 mol/L £
TER

2.2.2 [y 6 mol/L fif§ BV T 15 0 )2 KL
J& B 1 mL 10 mg/L FRifEFE W LA, H 6 mol/L
IR VS W AT MRV W R AE 1~ 1.5 mL/
min, A 10 mL 7% & 42 BOK e . 2 2. 5 P
75255 ICP-MS U 5 , il a3 3155, 73 8] Th o & 7]
WORAE 9100 ~94 20 Z [8] A X AR R 22 R 1. 74 %0
(n=5),
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Fig. 5 Elution curve of thorium

2.2.3 gL ST K 6 mol/L Eh IR IS
9 UF, #5387 # o 19 6)2 48 100w, R H
6 mol/L&ER FR Wk vk, ¥ il Jii #E£ 7 1. 5 mL/min DX
L3 2HT 5 mL, A 10 ml A7 96 25 o J 42 YO ok vk
W%, 40 mL 258 F /K U B AE b W B
iy, B2 B BE AR N s A T TCP-MS ) 5 98k 1k
Thot R & &, iFEM M Th & &, 4505 T
T 5. FEIFRVEREM R A, MEA 3 AT i Y
MO BERE A A UF, KA e 5 08y
e FEP A R A R0 s 78 TR RE 2% 0 T AR S 4 i
FEZS [ OFF 4 B 25 1R O A o R 22 19 3
i e LA WS AR BR LA UF, FREE B 35 (15 5
Th 4 H7 FFRA 0. 037 pg/g (LL UF, i),
AR TAERA UF, fRiEY) 5. i LG0T
WA MERREFORS % . (2T T 13 4
SEHS = ) A E AR HL X T AE. # BE GB/T 27043 —
20125 X6 Z T Hb 6T 52 56 11 4% 552 56 2 0 ik 45 SR F A T
Tl . MR GB/T 270432012 9 ¥ M A 1
X A AR BB HEAT VA, A AR A A 08
P 38 4 H A 5 AN EHRAE RO R R
BARZE R W B XN B 2T A
25 BT B PR R AR A AR 5 S 5 SR
TR T v L 5 v A L 6 IR B AR IS 14 4 1 T R
AR, R F LU #4T UF, 8038w Al
B0 R AR I 40 BT R A 2T A 5 ) A BT AR I K
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Table 5 Content of Th in the samples
w(Th) /(ug + g . L UF i)
FE b

1 2 3 1 5 6 A

A 2.72 70 2.58 2.58 2.77 2.59 2. 66

1. 46 L41 1. 38 1. 39 1.47 1. 49 1.43

JIv AR A A 114 00 52 S DR B 353 (1] A7 R 114 300

HIRZE.
3% i

(1) 2R UF, Mmoo
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WO RE IS A 5 mL YRASER AN 5 mL 38 4
A TR M PG B wRET,
EREE T
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