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Determination of “*Ni in Aluminum Alloy Samples From
Nuclear Reactor Core by Liquid Scintillation Method

WANG Ping, SU Rong-bo*, WU Tao, LI Ye, DAN Gui-ping,
DU Liang, SUN Yu

China Academy of Engineering Physics, Mianyang 621900, China

Abstract: To establish a method of measuring the radioactivity of ®Ni in aluminum alloy
samples from nuclear reactor core, various relevant problems were studied. Samples were
pretreated before liquid scintillation counting (LLSC) by dissolution, anion exchange separa-
tion, hydroxide precipitation, and solvent extraction procedures. LSC-related parameters,
such as sample solution acidity, sample solution-to-cocktail volume ratio, and added nickel
carrier amount, were investigated. The detection efficiency of Tri-Carb 3110 liquid scintilla-
tion spectrometer with respect to ®Ni for a series of “Ni standards of different activities are
all better than 70%. The recommended experimental conditions are listed below: sample
acidity 0.3 mol/L, sample-to-cocktail volume ratio 1 : 2, Ni carrier amount 5 mg. The
standard deviation of 0. 077/s and the relative standard deviation of 15. 3% (n=12) are found
for blanks. The detection limit is 1. 38 Bq/g. The present method is suitable to analyze
samples for decommissioning of nuclear reactors.
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Ni 5 — 268 it S A A DUUE (185 7 40 5, i i %%
Wy B FET LBk SroCs 24 B 7 Jf ik — 20 &
b Fe B 1. FF &b a0 kb 385 F 80N 17 0 &
N Ao R eh 22 B R RN P R DA T e S 0O

SRS R o AR AR RO R A 3 o 2 o ™ N AS
(v T3 SR P 95 R e BB s ¥ R A7) 1 ) 28R LR TR
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1.1 XFEFEMNH

D201 %15 i 14 K AL B 85 7 38 e B B o i 42
180~425 pum, KU 95 B 5 B B A3 B A |5 B R
(sl 10 g/L T il 5 | w =30 %0 ¥ 15 IR 4 »
ST al, TR O NI BRI R (3. 978 X 10" Ba/g) »
J5 - BB AR A BR 28 7] s Mult Gold™™" [N #R ¥ 98
E PE A,

B a2 ¥ M, 410 mm X 250 mm; Tri-
Carb3110 I ¥ {4 [N 2k fig 3% 1, 22 B PE A #;
Intrepid [[xsp % ICP-AES Y63 43 B, 2 B S 2
H) 3 AAT00 R IR OGTEAY, 55 [F PE A n].

1.2 HmurahE

1.2.1 FERMER SBAEFESH 10 mL %
HCL ¥ fff o Fof J B0 R 45 1k I 78 A e ARG I o 4
AM RGN 5 mL o=30% 1 H, O, & W

TR EEET . RAEEHR.

1.2.2 BABFsc#esr® D201 BRUKSLEHE 78
Wt i 26 A 35 26 4, HAR 10 mm, FE 8 250 mm,
R IR 240 mm™* 484 4 R 5 R S 8
9 mol/L HCl 2557 5 b (9 BH 2§ 3¢ #e 4 75 1]
25 mL 9 mol/L HCI ¥ F. G 5 R B K
.

1.2.3  SSEALWUIE T B Ui R A R Bl |
Ik 4 2=/ T 30 mL, FIvk 2K pH £ 8.5,
BLLUIEM pH=8.5 UKtk E# 2. & JF b
TH T W s

1.2.4  ZEBAE A 10 mL w=230% e
B K pH & 8. 5,885 A 10 mL 10 g/L
T ZHEA G A 10 mL HU2R L 4R35 5 min, # 1R 5025
FEKAH BRI A 10 mL 1. 0 mol/L HCI, &
HBNAHHAHTC A FEA HLAH . KR e AR
A 1mL ¥ HCL.1 mL & &8, £ i 25T,
FH— s W BE HCL %5 fiff 333 % A D 000 b R
DRASCGHE AT 0 3

1.3 BRAMNESHEMNTHE

L.3.1 “NifaifE RGN RBORG M E B HiAS [
SR T BE M RE OO N o & 8] 2 3 980. 00, 398. 00,
79.60.,15.92.6.37 K& 1.27 kBq/L, Bt 6 4~ 4 i »
& A 1T mL R [\ & BE vk BES NibR WK, 4 mL
0.5 mol/L HCl J 10 mL [NHRI& . £% 57 Ja FH I IR AX
HEAT 0 A5 A o A () 356 B85 ok B2 N o 28 37 1) ) o

1.3.2 FERVRRIEMEE  BS A RHET 55

L & A 39. 8 Bq ® Ni 51k FRAKIK A 0. 1,
0.3.0.5,0.8,1.0,2.0 % 5.0 mol/L HCI A
10 mL IR RRI - #8557 5 PR DAASCaE A 0t 5 3 %o
PO Aff o B R R R RR L

1.3.3 FEMWSNIRRER L fE s A
R A0 35 385 I 506 4% A 79. 60 Bq * Ni AR . T
MR — 5 He B2 1) HCL RN KR R 5
R AR 43 9 12 10,3 ¢ 10,5 ¢ 10,7 * 10
e 9+ 10,8857 g FIWC DN ASC A7 0 4t 58 3 %k L 1
FERE SRS N KR B AR R B

L34 SRR IR AR BRI 8
—EBAGRER LN B SSREN.E E
IRAE AT AL PR R S 43 B A 0.5,10,15,20,
30,50 M 80 mg AR & B ) 39. 8 Bq 1% Ni #R I »
10 mL [AVBRI B8 57 Ja R ASGHEA T D0 4 L BF 5 28K
A X 00 IR T R )
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PREC12 3 AEY NI R & S % 0.1 g,
i b AR RE AT AL PR R S B AT R R
DASCHEAT I . AR 12 03 717 R 1) 0 o 25 SR 5
HH s T i 22 AR X A o i 22 5 O vk A BRI S
HASCRRES .
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2.1 BANNESHHNBE
2.1.1 “NitpERFI B & Ni bR R H
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Table 1 Measurement results of the **Ni standards
59 NI A7 HE T T B EE

(Activity of % Ni (Counting SIS 7/ %

standard solution) /Bq rate) /min !

3 980. 00 175908 24. 26 73.66

398. 00 17172 24. 86 71.91

79. 60 3495 25.41 73.18

15.92 685 26.19 71.71

6. 37 274 27.00 71.69

1. 27 65 40. 69 85. 30

7 (Note) : SIS Jy#f 5 19 6 3% 5 B (Spectral index of samples)

2.1.2 FERMVEMRE AW 0.1.0.3.0.5.0.8,
1.0.2.0 & 5.0 mol/L HCI #47 B2 1k FF i 1 o 52
0L g R FE 1, B L g5 8 m] 0L, % Nl & 5%
2R [ 5 VTR R R T BN G 32 T R 5 IR E
TR v RV DU i ¥ i S BB 98 4 SORE S i HCL
W #E M 0.3 mol/L,

2.1.3 FERVESINFRBARRULL TORE AR 5 A

30 . . . .
0.0 1.0 2.0 3.0 4.0 5.0

c¢(HC1) /(mol * L)

L1t TR TR 3 T 30 2850 2R 114 5
Fig. 1 Effect of acidity on the measurement efficiency

for the solution samples

SRR LAY B0 12 10,3 5 10,5 ¢ 10,7 : 10 %
9+ 10, M INAC AT I &, 25 s FIE 2.1 2 45
BB AT S NIRRTy 1 s 10 B Ni
kR d v Lk Ry 3 1 10 R 5 5 10 (P 3 ) o
BURMEARZL) 255 25 1B 308 B A %
FERCS INPRIR AR R L o 5+ T0CEPL = 2),

1:10 3:10 5:10 7:10 9:10
FE it v 5 T SR A B LG
(Volume ratio of solution samples and scintillant liquid)
2 BRI YR R B X DN 0% 1 S T
Fig. 2 Effect of volume ratio of solution
samples and scintillant liquid on

the measurement efficiency

2.1.4 HREAREEBEIE ST 0.5,
10.15.20,30.50 K% 80 mg Ky Fa i 45 2k 74 A &
Xof ) B I S ) S G A5 SRR TR 3. K 3 4
S, Bt B AR 0, NI R 3%
FEAG . 46 SCmR (943 4R 2R 7E 1 mg DA LR
A S SO N, P BT 4 R A I R AR R
PR 5 mg.

S —————
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
BB A B

(Amount of Ni carrier) /mg

Pl 3 A A et o U o A 3 1) 5 i)
Fig. 3 Effect of Ni carrier mass on

the measurement efficiency

2.2 FAXBRAERER
12 AN NI 28 FLRE R DU 25 3R 5 F 3% 2.
FR A 25 R it 00 6 25 5 L RO 00 b o
224 0. 077 /s X AR g 22 7 15. 320 (n=12),
R RCR I 75 Vo R R BRI B kS LA R
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(DS TR R 7 Bk B 1. 38 Ba/g. L 7L
IR T [ A SR 412 T8 A 2 0L 4 Jm Rl R A R
20 Bq/g.

Ly = 4.65X (s,/n"*)/(pm) (D
ALy, Tk A B Ba/gs s, » 20025 AR AR I
CH B Y Al 25 5 00 25 1R il K05 s A0 1) 00 R 28K
Hom FEh R ..

2 A RN AN A A
Table 2 Measurement results of the blank samples

using the liquid scintillation counter

gk Ak ik
No. (Disintegration (Counting (Counting
rate) /min ! rate) /s ! rate) /min !
1 31 0.52 41
2 31 0.52 41
3 25 0.42 33
4 34 0. 57 45
5 36 0. 60 48
6 37 0. 62 49
7 28 0. 47 36
8 31 0.52 41
9 33 0.55 43
10 28 0.47 37
11 24 0. 40 31
12 23 0. 38 30
3 & ®

FI 3110 HU 3 A IR 95 BE % 1306 A 7] 9 J5 ™ Ni
FRUE R FIHEAT T 05E BRI TE 700 B
i A A% PRSI A T NG I A A SE S R
FF it TR B2 1 £ 0.3 mol/ Ly B il il 5 TN R
PR ERE N 1 2 R BRI A B 4% 0 5 mg.
i 3k SRR AT % 5 v T R R s v e 22

R 0,077/ s KX bk i 25 R 15. 3% (n=12),
KBRS 1. 38 Ba/g. #5718 & & H P Ni
T B 0 V8 TR it 7 1% % Wl T R R
PR i 1 43 B 0
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[1] Scheuerer C, Schupfner R. A Very Sensitive LSC
Procedure to Determine Ni-63 in Environmental
Samples, Steel and Concrete[ J]. ] Radioanal Nucl
Chem, 1995, 193(1): 127-131.

[2] Mellado J, Tarancon A. Combination of Chemical
Separation and Data Treatment for *Fe, “Ni,
9 Te, ¥ Cs and Sr/" Y Activity Determination in
Radioactive Waste by Liquid Scintillation[ J]. Appl
Radiat Isot, 2005 (63): 207-215.

[3] Radwan M, Przybylska A, Mykowska E. Mea-
surement of Nickel-63 Low Activity in Samples of
Metals and Alloys With the Help of Liquid Scintilla-
torsJ]. Int J Appl Radiat Isot, 1981, 32: 97-99.

[4]  E#F, BRKAHE, 2%, % N HESE & & 0 & P Ni
T E Ay T AL BEBOR BT SELT ). SR 7 RE R 2= 4R L 2010,
44 (T . 128-133.

(5] #Iroc, B3R, X0 T, 5. S iR & 4 h° H,
"CLPCLY Ni AP Fe i I 1 #cile L], 7 Re Rt
#F AR ,1996,30(6) :509-515.

[6] HE.PE52. &R Ni gyl E L], Bk 5
HHE2%,2000,22(1) : 45-49.

(7] AR D d&  FLAE 25, S5, SR HE A 4 P Ni R
SrEAn A S L) ] % sh g TR, 1995,16 (1) - 88-
92.

[8] Hou Xiaolin, @stergaard L. F, Nielsen S P. Deter-
mination of *Ni and *° Fe in Nuclear Waste Samples
Using Radiochemical Separation and Liquid Scintil-
lation Counting[J]. Anal Chim Acta, 2005, 535:
297-307.

LO] AW A Hr® Ni % o i %2 [T 1. e 5 By 47, 1988,
8(2):146-150.





