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Study on Dissolution Method of Residue and Analytical Method of Dissolver Solution

of Dissolution Process in NUCEF-Becky

Takehiro KIHARA, Hiromichi HAGIYA*.. Yukio HASHIMOTO,
Takahiko [IJIMA**, Katsuhiro SEKIYAMA™ and Sachio FUJINE

Department of Fuel Cycle Safety Research
Tokai Research Bstablishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 11, 1996}

In order to establish an analytical method of dissolver solution and residue of spent
fuel for a dissolution process in NUCEF-Becky a + 7 cell, a dissolution method of
residue has been studied and detection limit of analysis of dissolver solution by ICP
spectrometry has been measured. It was found that a dissolution method of residue by
hydrochloric acid + nitric acid + sulfuric acid using a pressure container was a best
method. A slope of the calibration curve and the detection limit of analysis of FP
element by an ICP was different by coexistant uranium. Therefore, it is necessary to
analyze FP elements under fixed concentration of uranium A relative standard deviation
of FP analysis by ICP was within 6%.

Moreover, application of present analytical method to spent fuel test in NUCEF has
been studied from a point of view of a predictable concentration of the dissolver

solution and an authorized maximum radicactivity of spent fuel in glove-box which will

he equipped with ICP.

Keywords: Dissclution, Dissolver Solution, Nonsoluble Residue, ICP. Fission Product (FP)
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Table 1 Specification and Operating Condition of ICP

Plasma souce SHIMADZU ICP S-1000TR
Frequency 27.12 MHz
RF power 1.3 kW
Piasma. gas flow rete 0.2 I/min
Coolant gas flow rate 14 1/min
Carrier gas flow rate 1.0 I/min
Purge gas flow reta 3.5 l/min

Spectrometer ' SHIMADZU ICP $-1000TR
Grating 3600 grooves/mm(163 ~ 485nm)

1800 grooves/mm(458 ~ 768nm)

Focal length 1.0 m

Table 2 Composition of a Simulated Spent Fuel Pellet

Component Content(%)
510 0.10
BaO 0.24
710 2 0.537
MoO = 0.53
RuO 2 0.37
Rh:0: 0.06
PdO 0.23
Ag: 0 0.01
1a203 0.34
Ce203 0.35
Pre O n 0.16
Nd:03 0.56
Sm=2 0y 0.11
U0 = 96,38
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Table 3 Analytical Wavelength for FP Elements by ICP

Element Wavelength(nm)
Sr 407.887
Ba _ 455.532
Mo 202.095
Zr 343.922
Ru 240.345
Rh 343,588
Pd 340.557
Ag 328.163
La 408.787
Ce 413.881
Nd 4011.338
Pr 414.430
Sm 359.262

Table 4 Comaprison of Detection Limit

Detection Limit( ¢ g/1)

Element ‘Sequential Wavelength . Fixed Wavelength

Uranium concentration(g/1) Uranjum concentration(g/1)

0.1 0.5 1.0 2.5 0.1 0.5 1.0 2.5
Sr .02 110 1.52 1.56 1.02 1.49 0.15 .31
Ba 341 752 3.06 7.28 1.14 0.87 0.75 0.97
Mo 24.08 111.00 964 1523 0.55 2.87 6.63  21.43
Zr 456 3874 40.78 161.68 124 326 2.43 10.25
Ru 26.62 247.15 900.16 9581.57 6.08 2057 5701 6106
Rh 17.16 204.66 387.76 2008.75 17.90 4.61 6.20 9.26
Pd 59238 4725 1447 946.06 3.83 3616 1591 4885
Ag 14400 17618  -oeme e _ 1.81 4.24 2.79 7.15
La 879 1438 2806  43.63 7.64 592 1345 18.33
Ce 747 106.89 48.34  178.61 8.20 9.24 916 17.74
Nd 16.07 7442 10691 1568.68 . 384 855 1509 12.00
Pr 11047 530.82 563.12 649.31 6.57 1814 2253 3310
Sm 2024 179.65 102645 - 2.70 4.15 10.90  35.14




Table 5 Comaprison of Dissolution Methods of Nonsoluble Residures
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Analytical Results (%)

Component Content(%) " " " *
Method(1} ©  Method(2) Method(3) Method(4)
MoQ 0.53 0.40 0.40 0.48 .57
Zr0 z 0.57 0.54 0.54 0.54 0.55
RuQ : 0.37 0.10 0.09 0.23 0.43
Rh:03 0.06 0.04 0.04 0.03 0.04
PdO 0.23 (.15 0.16 0.18 G.17
Ag: O 0.01 0.00 .00 0.00 0.00

*

- Method{1):dissolved by aqua regia

Method(2):dissolved by HF + HNO s + H 2 SO
Method(3):.fused by Na : O ¢ in Ni crucible
Method(4):dissolved by HCl + HNO ¢ + H 2 SO 4 in pressure container

Table 6 Results of Constitutional Analysis of a Simulated Spent Fuel Peliet

*

Component  Content(%) - Sample1(%) Sample2(%) Sampie3(%) Average(%) RSTD(%)

S0 0.10 0.095 0.093 0.093 0.094 (.93
BaO 0.24 0.222 0.217 0.218 0.219 1.00
210 2 0.57 0.561 0.556 0.55% 0.559 0.35
MoO = 0.53 0.572 0.576 0.588 0.579 1.19
RuO = 0.37 0.384 0.398 0.426 0.403 4.35
Rhz02a 0.06 0.040 0.039 0.042 0.040 2.25
pdo 0.23 0.172 0.172 0.174 0.173 0.85
Ag: O 0.01 0.0003 0.0003 0.0004 0.0004 5.61
Laz0s (.34 0.328 0319 0.320 0322 1.19
Ce 20 0.35 0.314 0.304 0.305 0.307 1.42
Prs O 0.16 0.152 0.150 0.148 0.150 0.85
Nd:Ou 0.56 0.543 0.540 0.545 0.543 0.42
Smz0s 0.11 0.107 0.104 0.104 0.105 1.57
Uo 2, 96.38 95.55 0583 96.23 95.87 0.29

* .relative standard deviation of all samples
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Table 7 Radioactivity of Dissoiver Sclution (8, 1)

Radioactivity

Nuclide Spent Fuel Dissolver Solution| Dilution(1/35)* | Dilution{1/370)**
(Bq/15008) (Bg/ml) (Bg/mi) (Bg/mi)

H-3 2.404E+10 4 809E+06 1.374E+05  8.436E+03
Se-79 3.009E+07 6.017E+03 1.719E+02 1.056E+01
Kr-85 3.343E+11 6.686E+07| 1.910E+06 1.173E+05
Sr-90 3.933E+12 7.865E+08 2.247E+07 1.3R0E+06
Y-90 - 3.934E+12 7.868E+08 2.24RE+Q7 1.380E+06
Z1-93 1.291E+08 2.582E+04 7.377E+02 4.530E+01
Nb-93 5.622E+07 1.124E+04 3.213E+02 1.973E+01
Tc-99 9.330E+08 1.866E+05 5.331E+03 3274E+02

Rh-102 1.223E+07 2.445E+03 6.987E+01 4.290E+00
Ru-106 5.307E+10 1.061E+07 3.033E+05| 1.862E+04
Rh-106 5.307E+10 1.061E+07 3.033E+05 1.862E+04
Pd-107 1.012E+07 2.024E+03 5.782E+01 3.550E+00
Ag-110 3.595E+05 7.189E+01 2.054E+00 1.261E-01
Ap-110m 2. 703E+07 5.406E+03 1.544E+02 9.484E+00
Cd-113m 3.262E+09 6.525E+05 1.864E+04 1.145E+03
Sn-119m 7.831E+05 1.566E+02 4.475E+00 2.748E-01
Sn-121m 1.481E+07 2.963E+03 8.465E+01 5.198E+00
Sn-123 1.595E+03 3.190E-01 9.115E-03 5.397E-04
Sb-125 9.124E+10 1.825E+07 5.214E+05 3.201E+04
Te-125 2.226E+10 4.452E+06 1.272E+405 7.811E+03
Sn-126 6.238E+07 1.248E+04 3.565E+02 2.189E+01
Sb-126 8.730E+06 1.746E+03 4.989E+01 3.063E+00
Sb-126m 6.238E+07 1.248E+04 3.365E+02 2.189E+01
1-129 2.415E+06 4 831E+02 1.380E+01 8.475E-01
Cs-134 5.477E+11 1.095E+08| 3.130E+06 "1.922E+05
Cs-135 2.869E+07 5.739E+03 1.640E+02 1.007E+01
Cs-137 6.166E+12 1.233E+09 3.323E+07 2.164E+06
Ba-137m 5.833E+12 1.167E+09 3.333E+07 2.047E+406
Ce-144 1.139E+10 2.278E+06 6.508E+04 3.996E+03
Pr-144 1.139E+10 2 278E+06 6.508E+04 3.996E+03
Pr-144m 1.367E+08| 2.734E+04 7.811E+02 4,796E+01
Pm-146 7.232E+07 1.446E+04 4.132E+02 2.537E+01
Pm-147 5.448E+11 1.090E+08 3.113E+06 1.912E+05
Sm-151 1.878E+10 3.755E+06 1.073E+05 6.588E+03
Eu-154 4.451E+10 8.902E+06 2.543E+05 1.362E+04
Eu-155 1.362E+10 3.124E+06 8.924E+04 5.480E+03
Ho-166m 4.372E+05 8.7435E+01 2.498E+00 1.534E-0%
Taotal 2.164E+13 4.329E+09 1.237E+08 7.594E+06

*-dilrition of the dissolver solation by 1/35
**dilntion of the dissolver solation by 1/570,{U]=500ppm
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Table 8 Radioactivity of Dissolver Solution (e}

Radioactivity
Nuclide Speat Fuel Dissolver Solution | Dilution(1/35)* | Dilution{1/570)**
{Bg/1200g) (Bg/mb) (Bg/ml) {Bg/ml)
T1-208 1.169E+06 2.338E+02 6.679E+00 4.101E-01
pd-212 3.253E+06 6.506E+02 1.859E+01 1.141E+00
Bl-212 3.253E+06 6.506E+02| 1.859E+01 1.141E+00
Po-212 2.0B4E+06 4,168E+02 1 191E+01 7.312E-01
Po-216 3.253E+06 6.506E+02 1.859E+01 1.141E+00
Rn-220 3.253E+06 6.506E+02 1.859E+01 1.141E+00
Ra-224 3.253E+06 6.506E+02 1.859E+01 1.141E+0C
Th-228 3.237E+06 6.475E+02 1.850E+01 1.136E+00
Th-230 6.477E+03 1.295E+00 3.701E-02 2.273E-03
Th-231 5.023E+05 1.005E+02 2.870E+00 1.763E-01
Th-234 1.742E+07 3.484E+03 9.955E+01 6.113E+00
Pa-233 2.650E+07 5.300E+03 1.514E+02 9.299E+00,
Pa-234 1.742E+07 3.484E+03 9.955E+01 6.113E+00}
Pa-234 2.265E+04 4. 530E+00 1.294E-01 7.947E-03
U-232 3.5358E+06 7.115E+02 2.033E+01 1.248FE+00}
U-234 5.633E+07 1.127E+04 3.219E+02 1.977E+01
U-235 5.023E+03 1.005E+02 2.870E+00 1.763E-01
U-236 1.593E+07 3.186E+03 9.102E+01 5.589E+00
U-237 1.420E+08 2.839E+04 8.113E+402 4.981E+01
J-238 1.742E+07 3.484E+03 9,955E+01 6.113E+00
Np-237 2.650E+407 5.300E+03 1.514E+02 9.299E+00
Np-238 3.214E+06 6.428E+02 1.837E+01 1.128E+00
Np-239 2.547E+09 5.095E+05 1.456E+04 8.938E+02
Pu-236 . 6.832E+06 1.366E+03 - 3.500E+01 2.397E+00
Pu-238 2.832E+11 5.664E+07 1.618E+06 9.937E+04
Pu-239 1.764E+10 3.529E+06 1.008E+05 6.191E+03
Pu-240 3.301E+10 7.003E+06 2.001E+05] 1.229E+04| .
Pu-241 5.789E+12 1.158E+04%{ = 3.308E+07 2.031E+06
Pu-242 1.818E+08 3.635E+04 ~ 1.039E+03 6.378E+01
Am-241 1.206E+11 2.412E+07 6.892E+05 4.232E+04
Am-242 6.427E+08 1.285E+05 3.673E+03 2.255E+02
Am-242 6.394E+08 1.279E+05] 3.653E+03 2.243E402
Am-243 2.547E+09 5.0%5E+03 1.456E+04 8.938E+02
Cm-242 5.316E+08 1.063E+05 3.038E+03  1.865E+02
Cm-243 2.429E+09 4.857E+02 1.388E+04 8.322E+02
Cm-244 3.062E+11 6.124E+07 1.750E+06 1.074E+05] .
Cm-245 | 4.133E+07 8.306E+03 2.373E+02 1.457E+01
Cm-246 1.422E+07 2.844E+03| 8.125E+01 4.389E+00
Cf-250 8.665E+03 1.734E+00] ~ 4.954E-02 3.042E-03
Total 6.561E+12 1.312E+09] 3.749E+07 2.302E+06

*-dilntion of the dissolver solntion by 1/35
**.dilntion of the dissolver solntion by 1/370,[Uj=500ppm
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Table ¢ Concetration of Dissclver Solution

Concentration
Element| Spent Fuel Dissolver  |Dilution (1/35)% Dilution (1/570)*~ Detection Limit
(1.5kg) Solution Concentration of ICP
(8 {ppm) {ppm) (ppm) {(ppm)
H 6.732E-05 1.346E-02 0.0004 0.0000
Li 2.732E-07 5.463E-05 0.0000 0.0000
Be 3.039E-07 6.078E-0S 0.0000 0.0000
Ge 1.324E-03 2.648E-01 0.0076 0.0005
As 4.014E-04 8.028E-02 0.0023 0.0001
Se 1.103E-01 2.207E+01 0.6304 0.0387
Br 4.175E-02 8.349E+00 0.2385 0.014¢
Kr 6.819E-01 1.364E+02 3.8966 0.2393
Rb 6.678E-01 1.336E+02 3.8160 0.2343
Sr 1.439E+00 2.878E+02 8.2234 0.5045 0.00149
Y 8.564E-01 1.713E+02 4.8934 0.3005
Zr 7.053E+00 1.411E+03 40.3029 2.4747 0.00326
Nb 9.336E-06 1.867E-03 0.0001 0.0000
Mo 6.728E+00 1.346E+03 38.4429 2.3605 0.00287
Tc 1.487E+00 2.974E+02 8:4969 - 0.5217
Ru 4.701E+00 9.402E+02 26.8629 1.6495 0.02057
Rh 8.376E-01 1.675E+02 4.7863 0.2939 0.00461
Pd 3.404E+00 6.807E+02 19.4486 1.1942 0.03615
Ag 1.709E-01 3.417E+01 0.9763 0.0599 0.00424
Cd 2.891E-01 5.781E+01 1.6517 0.1014
In 4.001E-03 8.001E-01 0.0229 |- 0.0014
Sn 1.967E-01 3.933E+01 1.1237, 0.0690
b 4.107E-02 8.214E+00 0.2347 0.0144
Te 1.022E+00 2.043E+02 5.8371 0.3584
In 4.880E-01 9.759E+01 2.7883 0.1712
Xe 1.092E+01 2.183E+03 62.3829 3.8305
Cs 4,742E+00 9.483E+02 27.0943 1.6637
Ba 3.639E+00 7.278E+02 20.7943 1.2768 0.00087
La 2.435E+00 4.869E+02 13.9114 0.8542 0.00592
Ce 4.758E+00 9.516E+02 27.1886 1.6695 0.00924
Pr 2.217E+00 4.434E+02 12.6686 0.7779 0.01814
Nd 8.079E+00 1.616E+03 46.1657 2.8347 0.00835
Pm 1.589E-02 3.177E+00 0.0908 0.0056
Sm 1.545E+00 3.090E+02 8.8286 0.5421 0.00413
Eu 2.810E-01 5.619E+01 1.6054 0.0986
Gd 3.543E-01 7.086E+01 2.0246 {.1243
Tb 6.435E-03 1.287E+00 0.0368 0.0023
Dy 3.653E-03 7.386E-01 0.0211 0.0013
Ho 4.817E-04 9.633E-02 0.0028 0.0002
Er 2.046E-04 4.092E-02 0.0012 0.0001
Tm 2.271E-07 4.542E-05 0.0000 {.0060
Yb 1.090E-07 2.181E-03 0.0000 0.0000
He 0.00387 0.774 0.0221 0.0014
Th 0.000011 0.0022494 0.0001 {.0000
U 1413.15 282630 8075.1429 495.8421
Np 1.01565 203.13 5.8037 0.3564
Pu 1.5075 301.3 8.6143 0.5289
Am 1.2963 259.26 7.4074 0.4548
Cm 0.111313 22.263 0.6361 0.0391

*=-dilntion of the dissclver scintion by 1/35
*+.dilntion of the dissolver solntion by 1/570,[U]=500ppm
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Dissolution of a simuleted spent fuel peliet

Y
Filtration

6N HNOs, S0 C

Residue

v
{in pressure container)

<—— ¢ HCl 8ml
—— c.HNO3 0.8ml
K-—— ¢ HaS804 0.2ml

| Dissolution
180 C, 20hr

l Cooling

10hr

Analysis by ICP

Filtrate

Fig.1 Procedure of Dissolution Method of Residue
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SUS

PTFE

PTFE

Fig.2 Pressure Container for Dissolution of Nonsoluble Residues
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