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Quantitative Determination of Technetium
at TcS Section During the Spent Fuel Reprocessing
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Abstract: The concentration of Tc in technetium scrubbing section (TcS) is an important
parameter in the spent fuel reprocessing. This work aims at the TcS point in PUREX
process, and with the partial least square (PLS) and Raman spectroscopy the calibration
models are established for the determination of pertechnetate. The results show that, the
root mean square error of calibration (RMSEC) is 0. 005, and the root mean square error of
prediction (RMSEP) is 0. 004 with the correlation coefficient of 0. 999 3. The limit of detec-
tion of this method is 0. 015 g/L, and the precision is better than 5% (n=26). In addition,
the influence of UO:" on the determination of Tc was studied in this work. It is found that
there is no significant influence on the determination of Tc for the mass concentration of U
ranging from 25. 00 to 50. 00 g/L. This method is very fast and needs no pretreatment. It
can be applied to the quantitative determination of Tc in TcS potentially.
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Process of PLS analysis
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Fig. 2 Raman spectroscopy of pertechnetate

in the HNO); solution
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Table 1 Effect of pretreatment on calibration results
% Ak B v 75 RMSEC RMSEP r WBGEE/cm !
JEL R G 4 0. 006 0. 007 0.999 2 800~950
Z IR IE 4 0. 007 0.01 0.998 5 800~950
— B S5 5 0. 005 0.08 0.999 4 800~950
— SR T ST 5 0. 005 0. 06 0.999 2 800~950
T RE 5 0.01 0.13 1 800~950
T ST A 5 0.01 0.1 0.997 1 800~950
7RO 4 0.005 0. 004 0.999 3 800~950
LI AL IE +7 5 4 0. 007 0.01 0.998 4 800~950
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Table 2 Prediction results of validation set

o, oret (Te)/ oore (Te)/ B2/ iERo)
(g« L1 (g« LY (g« L1 w25/ %
1 0. 45 0.45 0. 00 0
2 0. 50 0. 50 0. 00 0
3 0. 25 0. 26 0.01 4
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Table 3 Precision of results

o p(To) /(g L1 5i/
1 2 3 4 5 6 %

1 0. 50 0. 49 0. 46 0.47 0. 46 0. 45 4
2 0.078 0.088 0.079 0.070 0.072 0.072 9
3 0.16 0.15 0.15 0. 14 0.15 0.14 5
4 0. 26 0. 24 0. 25 0. 24 0. 24 0.23 4
5 0. 34 0. 32 0. 32 0.33 0.31 0.33 3
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Table 4 Prediction results of simulated samples

N, oret (Te)/ opre (T)/ s/ AR X
(g« L) (g+LH (gL D W2/ %

1 0. 065 0.061 —0.004 6
2 0. 090 0.087 —0.003 —3
3 0.12 0.12 0 0
4 0.18 0.18 0 0
5 0.22 0.22 0 0
6 0. 28 0.27 —0.01 —4
7 0.32 0.32 0 0
8 0.38 0. 35 —0.03 -8
9 0.42 0. 44 0.02 5
10 0. 48 0. 49 0.01 2
11 0.56 0.57 0.01 2
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Table 5 Effect of the mass concentration
of U on the determination of Tc
o0/ oret (Te)/ opre (Te)/ FH X
(g« LD (g« L1 (g+ L1 W2/ %%
31.25 0. 30 0. 29 —3
37.50 0. 30 0.31 3
50. 00 0. 30 0. 29 —3
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AR TAEHEST T AR 25 G O e /N — 3 ml 19 3
L2000 5 VR T2 A b AR L O A BT
oo DUAMIEE 2 7 o P9 RS X S R AT 0 —fk b
#N7 B A 7 RMSEC = 0. 005, RMSEP = 0. 004,
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HEAT 5 B A B EL A e Rk v R A A Tk BT R
FE 52 Z4 A Z2 R A3 AT 150 I ) A 9 B 43 18 5 AT R
S e 0 R A A . % R T N T kA T
o A R



178

Bz Sictby #39%

S & k-

[1]

[2]

(3]

(4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

T ERWE. S MEROR S A T A (ML L
a0 TR AR, 2013,

VIR B, 22, X0 578, 55, Te (W02 B4 6
BEWE BT 5ELT ], TN AL 10,2010, 38(7) - 141-143.
SRS Te W FEBOLEE 4 Fr [, J5 F g
BE2% 4 £ ,1976.10(2) . 169-176.

Chen L. S, Wang T H. Hsieh Y K, et al. Accurate
technetium-99 determination using the combination
of TEVA resin pretreatment and ICP-MS measure-
ment and its influence on the Tc-99/Cs-137 scaling
factor calculation[]J]. ] Radioanal Nucl Chem,
2014, 299. 1883-1889.

Wang L. X, Tang L, Yang T Z, et al. Determina-
tion of technetium-99 from complex matrix[J]. J
Radioanal Nucl Chem, 2013, 296. 739-742.
Bartosova A, Rajec P, Klimekova A. Determination of
technetium-99 in soils and radioactive wastes using
ICP-MS[J]. Chem Pap, 2006, 60(2): 125-131.

Song M, Probst T U. Rapid determination of tech-
netium-99 by electrothermal vaporization-inductively
coupled plasma-mass spectrometry with sodium
chlorate and nitric acid as modifiers[J]. Anal Chim
Acta, 2000, 413: 207-215.

Lahoda K G, Engelmann M D, Farmaer O T, et al.
Recovery and determination of adsorbed technetium
on Savannah river site charcoal stack samples[J]. J
Radioanal Nucl Chem, 2008, 275(3): 509-513.
Chao J] H, Tseng C L., Lee C J. Sequential extrac-
tion separation for determination of technetium-99 in
radwastes by ICP-MS[J]. ] Radioanal Nucl Chem,
2002, 251(1). 105-112.

BRRAR R B X5 B RN RN 25 I 2 S Ak TR
JoR Te [T 1 T AR A HOAR 11997, 31(5)  446-451.
WIS, BEAS 5k 5. 7 T 40 5 ik L) . 4@ 5 By 47
i, 2008,28(6) :19-22.

% M S . FH VR R DR R Tk T R
R TelT] Ak~ 5 4 2+, 1996, 18 (3)
181-186.

Bihari A, Sziics Z, Mogyorosi M, et al. Combined
determination of "’ Tc and ' Ag™ in L/ILW liquid
wastes[ J|. J Radioanal Nucl Chem, 2010, 286(3):
759-763.

Kameo Y, Katayama A, Hoshi A, et al. Simple
determination of * Tc in radioactive waste using Tc
extraction disk and imaging plates[J]. Appl Radiat
Isot, 2010, 68(1): 139-143.

AL PN kL R EE R s 3 A O 3 R AR T
P8Otk gt S s []] 252 LR,

[16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

2013,31(4):273-276.

SR » AR IE . B2 638 X i 08 1R Y
AEHGATLT] B R 2 (A AR . 2013, 34
(1) :87-90.

R s FIE AR Bk e BL 2 O 1 vk 4 A LSl b
SRR L. £ iRk, 2013,34(18) : 137-140.
TR LTS 2, 5K 4. BB Ok I Bk T
PR R R R TR S e )] AR T
2014,34(1):169-171.

22K KK 22 IR IR A5 i 2ot % vk T 40 K ) e
B Y SROME R A LT ). Al TAR AR R, 2014,
30(6) :249-255.

o3 QTR S R R VA= oh e | B N
3 1 0 5 1L R T e (). Ol o4 5 O A
2013,33(5):1253-1256.

B EJK. BLEOGIEE LR E IR £ & B8 & i
Bz BEFE LT ). A2 TR . 2013.27(8) : 28-30.
SRHCER R H AR R AF. il TR 4 Ak e Bkl 4T
H RO AR TSR LT . i 5O 4
#r,2013,33(7):1805-1809.

ARIGEHE , BB R AT A W UL R AR B R BE A O
P& e ik AT [, e I, 2007, 26 (1) - 26-28.
SR EOM AR, TR, 4R X IR 99O T R P B Ok
A= AT BRI LT ] D6 2% 5 063 43 . 2010, 30
(7):1798-1801.

M3ETF, TR R . FhoK P E UL R T i
T SOt 3 2 0 AT O ST LT 1. P b 3 5T, 2009, 42
(3):120-126.

X e, v BT O BRI SR R
T th E AR %], 2014,35(1) :88-91.

JE A TR B Bk AR S T O A/ S AL
TR I 2R = R i B -NCO &[] doR T
Ak,2013,43(12) :61-68.

Hohimer ] P. Laser-based analytical monitoring in
nuclear-fuel processing plants, SAND78-1522[ R].
USA: USDOE. 1978.

Arrigo L. M, Bryan S A, Casella A J. FY2009 pro-
gress; process monitoring technology demonstration
at PNNL, PNNL-191136 [R]. USA:. USDOE,
20009.

Grantner E, Steinert D. Applications of laser Ra-
man spectrometry in process control, using optical
fibers[ J]. Fresenius Journal of Analytical Chemis-
try., 1990, 338(1). 2-8.

HE 2wl R R, 55 B VD R hz ok e B oy
BT, Bl S5O 2 . 2014, 36 (4 ) . 27-34.
FAR AEL AT ALES T CM. b 50 A2 Tl th AR
#1:,2008:10.





