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Abstract: In order to measure

Hf in some environmental samples by accelerator mass

spectrometry (AMS), a method for separation of hafnium([V) from tungsten(V[) has been

developed by solvent extraction using Njg; and TOA as extractants. The effects of different

mineral acids, acid concentration, complexing agent concentration, extractant concentration

and diluent on the extraction behavior of both elements were investigated. The recovery of

hafnium( [V ) is better than 90% and the decontamination factor for milligram amounts of

tungsten( V) is 4.4 X107 using the present separation procedure.
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AMS 2 Hf Millipore s 18. 2 MQ -
182 W o HICN)D em; HNO; \HCl, HF, H,S0,.30% H, O,
WD b, : .
WV o 152 1 f AMS ORTEC
, N GWL-250-15-S HPGe DSPEC-
HI(IV) WOV, PLUS , HPGe
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(10° ~10")10T W (VD , 0~5 000 r/min.,
¢ 10%, s ; HY-4 ,
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Nigos  H, SO, Zr (N, ,
WD ,HCI N  TOA , (18+1) C
Zr (V) Lizast TOA 20 min( ), ,
HCI ( H, O, ) WD Zml vy
HIC(IVD, o (1)—(3) (D).
(1. 610" , Nz TOA (E) (DF);
s . s 4) (D),
HICV) WD : 2 g - Cu )
Ci.
. E = DLH X 100% (2)
L1 DF — Ccfil' (3)
[10,12-13] s . —C.
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WD, i v 515 Creea
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1.2 ,s G 2 mlL 7
Nigss , ; TOA ,s b
, Fluka s HICIV) (10 g/L): 1.4
HfO, HF-H,S0O, , \ Y
, 3 mol/L. H, SO, , HPGe o
6 mol/L HCI s WCVD (5 g/L): v 1,
Na, WO, « 2H, O
R St HIO, 2
3 h, 1X10%/ 2.1 Ny, HE(N) W(V)
(em® + s), ;W
: WO, 2.1.1 H,SO, HI{(IV)
3 h, 1 X 10%/(Cem? » s), H, SO, (0. 4~8 mol/L) .,5%
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Table 1  Nuclides and their main gamma-ray energies (12] Nb(V) s
and intensities ' H,0, [12]
(Nuclides) Ey/keV L/ % 2.1.2 H,SO, (Cit) HICIV)
181 Hf 182. 2 80. 5 WD HE(TV)
ETW 685.7 27.3 (3.6 mol/L. H,SO,> ,Cit 5%
10 By 537. 2 24.4 Nioss- HI(V) WD
0] g 1596. 2 95. 4 2. 2 R Cit SHICIV)
11Ce 145. 4 18.2 99% , Cit WV
HTNd 531.0 13.1 . 3.6 mol/L H,S0,-0.05 kg/L Cit
%7y 724. 2 14.2 JTWOD 6.6%,
9% Nb 765. 8 99. 8 . [13] 1~4 mol/L H,SO, .
103 Ry 497.1 91.0 0.1 mol/L Cit  WVD) .
B7Cs 661. 6 85.1
100 A—a N A
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80
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\ 60
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A 40
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40 - -
A\A O 1 1 M 1 1 T
20k L 0.00 0.02 0.04 0.06 0.08 0.10
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o g ——f=——t——¢—¢—4
o 1 2 3 4 5 6 71 8 2 Niszs
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1 H,S0, N HECV) Fig. 2 Effect of citric acid mass concentration on
the extraction of Hf (V) and W(V[) with N
Fig.1 Effect of H,SO, concentration on the extraction ¢(Hz SO0 =3. 6 mol/L

of Hf (V) and some fission products with Njg,s
(Aqueous phase) : Hf (IV)

(Tracer amount of Hf (IV) and some fission products) ;

(Organic phase) :5% Niga;3- (Xylene)
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the extraction of Hf (V) and W (V) , (
(Aqueous phase) : 3. 6 mol/L H,SO,-0. 05 kg/L Cit, )
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85 ) ) ) ) ) ) Fig. 5 Effect of HCI concentration on the
2 3 c(:ICl) /?mol -6L") 7 8 extraction of Hf (V) and W (V) with TOA
(Aqueous phase) : o(HD = p(W) =10 mg/L;
4 HCI HICV) - WAVD (Organic phase) :0. 3 mol/L

Fig. 4 Effect of HCI concentration on the back

extraction of Hf ([V) and W (V]) from organic phase
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Fig. 6 Plot of g D vs lg c(TOA) TOA- WD
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with various octanol as phase modifier
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0 9
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(w(H,0,)=0.5%~5%) ! o5
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, HICIV) 0.1%, ,
3 9
H, O, ,W VD . 6 mol/L (No third phase formation)
HCI-1 % Hz ()Z 0.3 mol/L TOA- (Note) : (Aqueous phase): 6 mol/L. HCI-1% H;O,,
WD) 98 % , HIC(IV) o(W) =10 mg/L; (Organic phase) ;0. 3 mol/L. TOA-
WD ; , 0.3 mol/L (Cyclohexane and octanol)
TOA- WD o
H,0, WD 2.3 N TOA HE(V)  W(W)
2.3.1 ,
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Fig. 7 Effect of H; O, mass fraction 10?
on the extraction of Hf([V) and W(V[) with TOA ISLEf 8T W X
¢(HCD =6 mol/L HICV) . W VD
(Aqueous phase) : o(Hf) =p(W) =10 mg/L; '
(Organic phase) :0. 3 mol/LL. TOA- ’ 4. 4
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Hf (IV) +W (VD) % T (Dissolved in) 3.6 mol/L H,S0,-0.05 kg/L Cit
A (Extraction) 5% N ps-— F 75 (Xylene)
3+ 7K # (Aqueous phase discarded) 1 HLAH (Organic phase)
VL% (Scrubbing)
47 HL M (Organic phase) 3% /K (Aqueous phase discarded)
J % (Back extraction) 6 mol/L HCI
1 J 1% H,0,
F£ 49 LA (Organic phase discarded) 7K #1 (Aqueous phase)
AW (Extraction) 0.3 mol/L TOA- " H 7k (Xylene)
Hf(IV) 7= it # (Production solution) 3% 13 ML AH (Organic phase discarded)
8 HI(N) WOV
Fig. 8 Schematic diagram of the separation of Hf(IV) from W(V[)
3 WD SHICIV) s
Table 3 Decontamination factors of (R) 90% ; W (VD)
W(VI) after each separation step WD
b
No. (Separation step) DF W ( VI ) , TOA
1 Nio23 (Extraction) 3.2X10! W( VI ) .
2 (The first scrubbing) 1. 6X10?
3
3 (The second scrubbing) 1. 8% 102
4 (Back extraction) 1.5X10°% (1) 3.6 mol/L H, SO,-0. 05 kg/L Cit
5 TOA (The first extraction) 2.0X10° ,5 % Nioss- HI(V),
6 TOA (The second extraction) 2.2X107 ( R )
7 TOA (The third extraction) 4.4X107 WV R

4

Table 4 Recovery of Hf([V) and decontamination factor of W(V]) by the separation procedure

maaa (HICIN)) / maaa (WCVD))/ Caaa (BSTHD / Caaa (TW) / Crec (8T HE / ) )
(Production solution) R/ % DF
ng ne s ! s ! s ! ~
CU8TW) /s !
10 10 1. 73X 10?2 1. 91X 10* 1. 59102 0. 047 92 4.1X10°
200 200 1. 85X 10?2 2.09X10* 1.71 X102 0.016 92 1.3X 106
5000 5000 1. 74X 102 4.39X10° 1. 63X10? 0.01V 94 4.4X107
(Note) : 1) 10 % (The statistical uncertainty of the counting rate is less than 10%)
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