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Neptunium Recovery in the Purex Process (I).

Studynon the distribution of Wp(IV) and Np(VI) in the system TBP—U-HN03.
Takao TSUBOYA¥
Shinichi NEMOTQ#
Padaya  HOSHINO*

Abgtract

From tne results of batchwise extraction measurements of Np(IV) and
Np(VI)'in'the systems 10, 20 and 30%(v/v) TBP (Tri—n~buty1phosphate,
dlluent)—U—HNOB, it was shown that linear relations lay between log( ENP
(TBP) ) and log(NO ) o’ where Emp “the extraction coefficient of Np,
(TBP)O ; the free TBP concentration, (NOB)aq s total nitrate concentration
in the agueous phase. Bach thermodynamicsl equilibrium constant of Np(IV)
or Np(VI) in these extraction systems, Ka, were found to be 0.66 or T.4,. .
respecttvely, using the activity coefficients ofTTBP and?'HN03 given in
elsewhere. Kach E /EU ratio was almostly constant between 0.2 and 3 M
N03' It was descrlved about a result of the Hp{VI) extraction, scrub,
and back extraction in the system 30 %(v/v) TBP—U--HNO3 in counter current

extraction experiments with laboratory mizer-setilers.

* Power Reactor and Nuclear Puel Development Corporation, Ibaraki-Xen.
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Table 9 o Thermodynamical equilibrium constant,Ka, for

Np(lV} andNp{[V) in the TBP—HNOs— U systeém

TBP m—n Ka, Np

Ip (W) 10 1.9 8 0.62

20 213 0.63

30 2.33 0.73

mean volue 215 0.66
Np (V1) 10 2.22 ' 8.4
20 2,15 6.6
30 2.07 7.1
mean volue 2.15 7.4
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Table 10« Ratio(k) of ENp (N} or ENp(VI) to By,

TBP k (NOg agq
(%) | (M)
Np (V) 10 0.05+0.01 ]
20 0.07+0.02 - 0.5 to 2.7
30 0.09+0.03 )
Np (V1) 10 0.5 +0.1 | 7
26 0.6 +0.1 - L 02 to 37
30 0.5 +0.1
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a) Before purification.
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b} After purification.
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100(497) Ne. of channels (MeV) 7200(5-73)

Fig. 1. Pulse Height Analysis of neptunium samples ; a) before
purification, b) after purification.
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Np Dissolution 40'0mg_Np02( 350 mg as Np)

r—=e {0 N HN03 5 ml

— $at, KBF03 10 ml

\
nearly dried

o
3N HN03 20 ml
Np soln{~7000 cpmul)

standing
for i0 min. le—Fe(11) 0.3 mol /| 40ml

TTAOS mol/; 60Oml
\yfor 5 min.

HNO_ I N 20 mi
( as wdashing soln) \/ wastes ( ~ 50c¢cpm /ul)

HNO, 10 N 15 ml / wastes (~2cpmsl)
shaking for 10 min.

Product Solution

wastes ~ 9000 luld
(~10 cpm/ut) ( cpmut)

Fig. 2. Np purification procedure for laboratory use.

starting material : NpOo
final preoduct : Neptunium nitrate solution
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. Spectrum A

Ratio of Np abundance RNp
is;

Rnp = (CA ~ CB:f) / (CAT CB)

Spectrum B i Np+234y

CA: Activity of spectrumA
CB: Activity of spectrumB

Actlvity
f ! ratio of

234U “ta 23BU

(0 I |
100(3,89) Tt 200 300(5.22) 400(5.88 )Ng. of channels (MeV }

Pig. 3. Pulse Height Analysis of neptunium, contaminated with uranium.
(Spectrum A for Np+234U, spectrum B for 2387).
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Fig. 4. Flowsheet for the LWR-1st cycle/ cold-experimental scale for
(Np(VI) extraction, scrub, and backextraciion).
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Fig. 5. Uranium distribution in 10 %(v/v) TBP-HIO; system.
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Fig. 6. Uranium distribution in 20 %(v/v) TBP-HNO_ system.
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Table 1. Results of uranium distribution in aqueous and organic phase.

(TBP) 10 % (V/V) (0.344 moler1-1)

2 Remark
(Waq | Wope | B |(@05),,, | (mBR), |E,/(18P): (503) . (iOg) . ;
(g1 | (g.171) (1) (mole.171) (1) (m)
5.42 0.845 | 0.16 nil 0.337 1.4 0.246 0.2
10.4 2.00 0.19 nil 0.327 1.8 0.288 0.2
20.9 4.90 0.253 nil 0.303 2.5 0.375 0.2
45.0 %.90 0.087 nil 0.311 0.90 0.578 0.2
2.17 1.05 0.48 0.007 0. 328 4.5 0.524 0.5
4.38 2.16 0.49 0.009 0.317 4.9 0.543 0.5
8.60 4.1% 0.48 0.009 C. 300 5.3 0.576 0.5
17.8 8.07 0.45 0.007 0. 269 6.2 0.656 0.5
40.2 13.8 0. %4 0.004 0.224 6.8 0.847 0.5
76.8 22.5 0.29 0.007 0.148 13 1.15 0.5
1.51 1.86 1.5 0.0%7 0.291 15 1.02 1.0
2.56 3. 50 1.4 0.0%6 0.279 18 1.03 1.0
6.16 6.73 1.1 0.0%1 0.25% 17 1.06 1.0
12.6 12.1 0.96 0.0%1 0.211 20 1.12 1.0
33.8 | -22.4 0.66 0.025 0.1%1 38 1.30 1.0
65.7 30.7 0.48 0.021 0.064 1.2x102 | 1.56 1.0
0.629 | 2.45 3.9 0.11 0.218 82 2.02 2.0
1.738 4,96 3.6 0.095 0.207 84 2.04 2.0
3,02 9.78 342 0.085 0.177 1.0x102 | 2.06 2,0
9.88 | 15.3 1.6 0.057 0.158 64 2.15 2.0
2%.7% 23.0 0.99 0.045 0.105 90 2.27 2.0
67.6 3%.0 0. 49 0.027 0.040 3.1x102 | 2.66 2.0
C.09%| 0.898 | 9.6 0.188 0.148 4.4x10° | 3,02 3.0
0.278| 2.85 |[10. 0.182 0.138 5.3x102 | 3.0% %.0
1.14 9.3%8 8.2 0.160 0.105 7.4x102 | 3,06 3.0
4.8% | 20.8 4.3 0.109 0. 060 1.2x103 | 3.14 z.0
20,2 29.8 1.5 0.062 0.032 1.5x103 | 3,31 3.0
64.8 35,77 0.55 0.035 0.009 6.8x103 | 3.71 3.0




Table 2,

Results of uranium distribution in agueous and organic phase.

(TBP) 20 % (V/V) (0.688 mole*1~1)
2 - P) Remark
(Dag | @org | By | (M05)op. | (mBR)5 | By/(TBR)G | (W05),4 (HNO5) oq. 5
(g-1-1) | (g-1-1) () (mole-1-1) (1) ()
4,18 2,12 | 0.51| 0.007 0.670 1.1 0.235 0.2
7.99 4.55 | 0.57 | =nil 0. 650 1.% 0. 265 0.2
15.4 10.2 0.67 | mnil 0.602 1.8 0.329 0.2
41.0 9.20 | 0.22 | nil 0.611 0.59 0.544 0.2
1.24 2,04 | 1.6 0.0%1 0.540 3.9 0.511 0.5
2,58 2.04 | 1.6 0.0%0 0.624 4.1 0.524 0.5
5. 04 8.14 | 1.6 0.0%1 0.589 4.6 0.543 0.5
11.5 15.5 1.3 0.023 0.535 4.5 0.606 0.5
32.6 30. 2 0.95 | 0.021 0.413 5.5 0.785 0.5
60. 2 48.2 0,80 | 0.018 0.265 11 1.02 0.5
0.628 2,46 | 3.9 0.099 0.568 12 1.02 1.0
1.16 5.17 | 4.5 0,099 0.546 15 1.02 1.0
2.58 10.2 4.0 0.094 0.508 16 1.04 1.0
5.5% 20.6 3.7 0.077 0.438 19 1.08 1.0
15.9 35. 2 2.2 0.067 0.325 o1 1.18 1.0
4%.9 58.9 1.3 0.048 0.145 62 1.43 1.0
0.273 2.76 {10 0. 249 0.416 58 2,02 2,0
0.581 5.69 | 9.8 0.2%6 0. 404 60 2,04 2.0
1.23 11.6 9.5 0.220 0.370 69 2,06 2,0
3, 50 21.8 6.2 0.175 0. 330 57 2,12 2.0
9.57 40.7 4.2 0.1%3 0.215% 93 2,22 2.0
48.5 66. 4 1.4 0.068 0.062 3.6x10° | 2.61 2,0
0.041 0.977 | 24 0.392 0.288 2.9x10§ 3,02 2.0
0.122 2.99 |25 0.385 0.278 3.2x105 | 3.03 3.0
0.584 9.98 |17 0.352 0.252 2.7x10 3,06 3.0
1.51 23,4 |16 0.288 0.20% 3.9x102 | 3.14 3.0
5.51 45.8 8.3 0.182 0.122 5.6Xx10° | 3.28 3.0
32,9 67.1 2.0 0.088 0.0%6 1.5x10 2,60 3.0




‘Table 3. Relation of “Np/(TBP): to (NO3)4q for Np(IV),

(tBP) 10 % (V/V) (0.344 mole-1-1)

2 Remark
(0) ppg | (NO3) o (TB?)O Byp(1v) | Bup/(1BP)3 (H05) (ENO3)aq-1
(gr171) () (moles1-1) (31) ()
0 0.008 0.336 0.021 0.19 0.50 0.5
0 0.038 0. 306 0.10 1.1 1.00 1.0
5 0.0%6 0. 266 0.070 0.99 1.04 1.0
10 0.0%3 0.227 0.052 1.0 1.09 1.0
20 0.026 0.150 0.0%6 1.6 1.24 1.0
30 0.021 0.071 0.017 3.4 1.52 1.0
0 0.11 0.234 0.24 4.4 2.00 2.0
5 0.094 0. 207 0.17 3.8 2.0% 2.0
10 0.080 0.180 0.12 3.6 2.06 2.0
20 0.052 0.124 0.054 3.5 2,18 2.0
30 0.029 0.063 0.030 7.6 2.50 2.0
Teble 4. Relation of PNp/(TBP)Z to (§03) 5y for Np(IV).
(tBP) 20 % (V/V) (0.688 mole*1-1)
0 0.030 0.658 0.094 0.22 0.500 0.5
0 0.10 0.588 0.29 0.83 1.00 1.0
5 0.098 0.548 0.24 0.80 1.01 1.0
10 0.093 0.511 0.22 0.82 1.03 1.0
20 0.081 0.4%9 0.15 0.78 1,07 1.0
30 0,068 0. 368 0.11 0.84 1.13 1.0
40 0.060 0.292 0.087 1.0 1.22 1.0
50 0.042 0,226 0.068 1.3 1.55 1.0
0 0.24 0.448 1.0 5.2 2.00 2.0
5 0.23 0.416 0.87 5.0 2.01 2.0
10 0.22 0.389 0.73 4.8 2.03 2.0
20 0.18 0.340 0,52 4.5 2,08 2.0
30 0.15 0.284 0..36 4.5 2.14 2.0
40 0.13 0.227 0.25 4.9 2.20 2.0
50 0.095 0.172 0.16 5.5 2.30 2.0
60 0.072 0.112 0.10 8.2 2,45 2.0




Table 5. Relation of “Np/(TBP)2 to (N03)aq for Np(IV).

(TBP) 30 % (V/V) (1.03 mole-1-1)

(Worg | (MO5)org | (TBR), | Bp(ve) | Bup/(T8P), | (WOg) 4 (§§g§§:q-i

(gr171) () (mole-1-1) (1) (1)
0 0.078 0.952 0.18 0.20 0.500 0.5
0 0.28 0.750 0.84° 1.5 1.00 1.0
5 0.25 0.738 0.51 0.94 1.04 1.0
10 0.22 0.726 0.43 0.82 1.07 1.0
20 0.17 0.692 0.5 0.7% 1.13 1.0
30 0.14 0.638 0.31 0.76 1.19 1.0
40 0.12 0.576 0.28 0.84 1.23 1.0
50 0.10 0.510 0.26 0.98 1.29 1.0
60 0.085 0.441 0.23 1.2 1,35 1.0
70 0.072 0.370 0.19 1.4 1.44 1.0
0 0.48 0.550 2.6 8.7 2,00 2.0
5 0.45 0.528 2.5 8.8 2.02 2.0
10 0.43 0.516 2.2 8.3 2,05 2.0
20 0.37 0.492 1.7 6.8 2.12 2.0
30 0.32 0.458 1.1 5.4 2.18 2.0
10 0.28 0.414 0.83 4.8 2.23 2.0
50 0.24 0.370 0.66 4.8 2.28 2.0
60 0.21 0.321 0.52 5.1 2.4 2.0
70 0.18 0.264 0.41 5.9 2.39 2.0
80 0.15 0.213 0.30 6.6 2.48 2.0




(TBP) 10 % (V/¥) (0.344 mole-1-1)

Table 6. Relation of Bip/(TBP)Z to (N03)aq for Np(VI)

‘ Remark
(Worg | (MN05)ozg | (TBR)Z | Bp(vI) | mp/(TBP)Z | (N05),, (HNOB?aqi
(g1-1) | (W) (moler1-1) (1) (1)
0 0 0.344 0.1 0.85 0. 200 0.2
5 0 0.302 0.1 1.1 0.376 0.2
0 0.008 0.336 0.29 2.6 0.500 0.5
5 0.008 0,253 0.29 3.4 0.587 0.5
10 0.007 0.210 0.27 4,2 0.711 0.5
20 0.0056 0.253% 0. 20 6.9 1.11 0.5
0 0.038 0. 306 0,82 8.8 1.00 1.0
5 0.036 0.266 0.74 11 1.04 1.0
10 0.03%3 0.227 0.64 12 1.09 1.0
20 0. 026 0.150 0.40 18 1.24 1.0
30 0.021 0.071 0.21 42 1.52 1.0
0 0.11 0.234 3.6 66 2.00 2.0
5 0.094 0.207 2.3 58 2.0% 2,0
10 0.080 0.180 1.7 53 2,06 2,0
20 0.052 0.124 0.78 51 2,18 2,0
30 0.029 0.063 0.731 78 2,50 2.0
0 0.19 0.154 3.8 1.6X102 3.00 3.0
5 0.18 0.127 3.4 2.1x102 %, 02 3.0
10 0.156 0.106 2.9 2. TX102 3.04 3.0
20 0.11 0.104 1.5 3,5%102 3,12 3,0
30 0.062 0.030 0,52 5. 8102 3,30 3.0




Table 7. Relation of “Np/(TBP)2 to (NO3),q for Np(VI),

(18P) 20 % (v/v) (0.688 mole-171)

(Wopg | (B05)grg| (T82), | Bup(vI) | Ewp/(18R)2 | (W05),, (mf;g‘;‘?zl

(ge1-1) () (mole-1-1) (m) (v)
0 0 0.688 0.14 0. 30 0. 200 0.2
5 0 0.646 0.27 0.65 0. 269 0.2
10 0 0. 604 0.42 1.2 0. %326 0.2
0 0.0%0 0.658 1.0 2.3 0.500 0.5
5 9.029 0.617 0.92 2.4 0.529 0.5
10 0,027 0.577 0.92 2,8 0.562 0.5
20 0.025 0.495 0.86 3.5 0.643% 0.5
30 0.022 0.414 0.76 4.4 0.743% 0.5
40 0.020 0. 3%2 0.653 5.7 0.880 0.5
50 0.018 0.250 0.50 8.0 1.05 0.5
0 0.10 0.588 2.30 6.7 1.00 1.0
5 0.098 0.548 2.30 7.7 1.01 1.0
10 0.093 0.511 2.10 8.0 1.03 1.0
20 0.081 0.439 1.6 8.% 1.07 1.0
30 0.068 0.368 1.5 11 1.1% 1.0
40 0.060 0.292 1.1 13 1.22 1.0
50 0.042 0.226 0.8 16 1.55 1.0
0 0.24 0.448 6.3 31 2.00 2.0
5 0.23% 0. 416 6.2 36 2.01 2.0
10 0.22 0. 389 5.8 38 2,03 2.0
20 0.18 0. 340 4.7 41 2,08 2.0
30 0.15 0. 284 3.5 43 2,14 2.0
40 0.13 0.227 2.5 49 2.20 2.0
50 0.095 0.172 1.6 54 2.30 2.0
60 0.072 0.112 1.4 1.0x10°2 2,45 2.0
0 0.40 0. 288 7.3 88 3.00 3.0
5 0.38 0. 266 7.2 1.0x10° 3,02 3.0
10 0.35 0.254 7.1 1.1x10§ 3,05 3.0
20 0.29 0.230 6.0 1.1x10 3,12 3.0
30 0.24 0.196 4.6 1.2x10° 3.18 3.0
40 0420 0.157 3.2 1.73x10° 3,24 3.0
50 0.15 0.118 2.1 1.5x10° 3,33 3,0
50 0.083 0.101 1.2 1.2x10°2 3,59 3.0




Table 8. Relation of Elip/(TBP)S to (103)aq for Np(VI),

(TBP) 30 % (V/V) (1.03 mole-1-1)

(Worg | (EN05)opg | = (TBP), Byp(vI) | Ewp/(7BP)2 (M05) aq (H§8§§:§ ;

(g*1-1) (x) (moler1-1) (1) (w)
0 0.078 0.952 1.8 2.0 0.500 0.5
5 0.074 0.914 2.0 2.3 0.517 0.5
10 0.070 0.876 1.7 2.2 0.534 0.5
20 0.062 0. 800 1.5 2.3 0.571 0.5
20 0.050 0.728 1.4 2.6 0.624 0.5
40 0.045 0.649 1.3 %, 1 0.667 0.5
50 0.039 0.571 1.2 3.6 0.720 0.5
60 0.0%4 0,492 1.1 4.6 0.796 0.5
70 0.029 0.413 0.86 5.1 . 0.894 0.5
0 0.28 0.750 4.0 7.1 1.00 1.0
5 0.25 0.738 4.0 7.3 1.04 1.0
10 0.22 0.726 4.0 7.6 1.07 1.0
20 0.17 0.692 2.6 7.5 1.13 1.0
30 0.14 0.638 3.3 8.1 1.19 1.0
40 0.12 0.576 2.9 8.8 1.23 1.0
50 0.10 0.510 2.4 9.2 1.29 1.0
60 0.085 0. 441 1.9 9.8 1.35 1.0
70 0.072 0.370 1.4 10 1.44 1.0
0 0.48 0.550 6.7 22 2.00 2.0
5 0.46 0.528 7.7 28 2,02 2.0
10 0.43 0.516 7.6 29 2.05 2.0
20 0.37 0.492 7.0 29 2.12 2.0
30 0.32 0.458 6.2 20 2,18 2.0
40 0.28 0.414 5.3 31 2,23 2.0
50 0.24 0.370 4.3 31 2.28 2.0
60 0.21 0.321 3.4 33 2.%4 2.0
70 0.18 0.264 2.7 38 2.3%9 2.0
80 . 0.15 0.213 2.0 44 2,48 2,0
0 0.66 0.370 12 90 3. 00 3,0
5 0.66 0.328 14 1.3x102 3,00 3.0
10 0.59 0.356 14 1.1x102 3,07 3.0
20 0.51 0.352 13 1.1x102 %,15 3.0
30 0. 46 0.318 12 1.2x102 %.21 3.0
40 0.41 0.284 11 1.3x10° 3,27 %,0
50 0. 36 0. 250 9.1 1.5%102 .33 3.0
60 0.31 0.216 7.5 1.6x102 3,39 3.0
70 - 0.26 0.182 6.0 1.8x102 3,46 3,0.
80 0.23 0.128 4.7 2,9x10 %, 51 3,0
90 0.18 0.094 4.0 4.7x102 3,63 3.0




