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Process Optimization of Plutonium Purification Cycle Based
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Abstract: The process of Pu reductive stripping by hydroxylamine nitrate in plutonium
purification cycle was optimized by the single extraction experiments. Hydrazine nitrate can
reduce a small quantity of Pu([V) and strip it from 30% TBP-kerosene into an aqueous
phase, but can suppress the plutonium reductive stripping with increasing hydrazine nitrate
concentration, where hydrazine nitrate plays a role as a salting-out agent. For the Pu
purification cycle, the Pu recovery can be improved by enhancing the reductant flow when
keep the HAN/Pu molar ratios invariable. 2-3 is feasible for the HAN/Pu molar ratios when
the temperature is 50 °C. Pu concentration in organic phase increases with raising the
reaction temperature because reaction rate of HNO,; with Pu([l[ ) is accelerated, and also
increases with increasing ionic strength because the distribution coefficient of Pu ([[[) is
amplified due to the salting-out effect.
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ca.0 (HAN) =0. 10 mol/L,c,.0 (N2 H5 ) =0. 20 mol/L,
Corga0 (HNO3) =0. 19 mol/L s porg.o (PuC IV ) =0. 86 g/L.
(1800420) r/min,#f kb (Phase ratio,O/A)4 : 1,28 C
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Fig. 1 Influence of acidity

on Pu reductive stripping percentage
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a0 (HNO3) =0. 20 mol/L,c,.0 (N H5" ) =0. 20 mol/L,
Corgeo (HNO3) =0. 19 m0l/ L purg.0 (PuCIV)) =1. 02 g/L.

(1 800420) r/min, #f . (Phase ratio,O/A)4 : 1,28 °C

ca,0 (HAN) ,mol/L:1——0. 035,
2——0. 050, 3——0. 100, 4——0. 200
2 R W) IR R BE X B IA it S 2K 38 19 5 i)
Influence of hydroxylamine initial concentration

Fig. 2

on Pu reductive stripping percentage
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Table 1

BRI 18

B4 1.02 g/L F1 0.19 mol/L, 7K #1 # HNO, #1
HAN B#7 8834 B 43524 0. 20 mol/L #1 0. 10 mol/L,
TEFEL O/ ARy 4 = 1 B Ry 28 °C 3 Ry (1 800+
20) r/min W Z5PE T B0AE KR S R JDE 1) 0 s Wk E
43534 0.10,0. 20,0. 30,0. 50 mol/L, % %2 i i
JHERT) 4 A 2 P 784 X0 B S A B 20 L 45 5180 136 1
CZEMD o Bl 7K AH A R E ) B v B2 F 0. 10 mol/ L
T 8] 0. 50 mol/ L, JZ # 10. 0 min J5 45 A 16 Ji
*z;f%aa 75. 7% B W AR E] 69. 8 %6 . 1 WA 7E Al R
Tk I A 1R 1 5 ) 3 S B Sy R T RN

B LA T PuCIV) AT HNO, #9407 4R v i
2350k 1.02 g/ 1 0. 19 mol/L, K4 s HNO, .
il R F4 Jie A il R Bk 09 W B Wk B 43 0 Sl 0. 20,
0.10,0. 20 mol/L, ZEAHEL (O/AD 4 = 1 i FEH
28 °C & R (1 800+20) r/min [ 551 F - 228 KA
NaNO;, F#) 1 % B 23 51 4 0. 30,0. 50, 1. 00 mol/L,
H5ENO; W BE AT B8 S A U2, 25 585 F
F1CHEMD . YA NaNO; A% 1 0. 30 mol/L
FHE )] 1. 00 mol/L, ;R ZEHL 10. 0 min J5 £A 1) ik J§ 2
AR 61, 8% T RER 36. 7% , B th TR M 8500 Y
FEAE R NO; Bk BRI T 58RI R

27K AH B 5 A TR B 6 E R 1 b A
FRTEN b o (4 50 - 2 K RH A R W) 46 vk i
4 0. 20 mol/ L W BRI 46 24 0. 10 mol/ L il
TR EH0 4 ¥ 2 4y 0. 50 mol /L I CHHg IRf 7K AH v A iR
R BT B 0. 80 mol/L) , g Z£ Bt 10. 0 min
Je BRI S AE A 69. 8 V0 5 24 ZK AH A B2 ) Ih Wk JE
0. 20 mol/L .l B2 ¥& W& ¥ 46 ¥ &£ 24 0. 10 mol/L,
Tl TR 1k 400 46 Wk J32 2 0. 20 mol/ L, NaNO, #] 45 #

S 2R 5 AR U [B] 1 56 R

Time vs. Pu reductive stripping percentage

B Y I J5 s ZE B (Pu reductive stripping percentage) / %

¢/min a0 (NaNO3y) / a0 (N H5 ) /(mol « L™1) a0 (N2 Hy NO3) / ca.0(NaNO;3) /(mol « L™1)
(mol « L™1) 0.10 0. 20 0. 30 0. 50 (mol « L™1) 0. 30 0. 50 1. 00

1.0 0 63.9 61.0 63. 3 0. 20 54, 3¢ 46.5
2.0 65. 8 62. 4 66. 4 62. 4" - - 36.6
3.0 67.2 61.7" 56.7¢ 51.2 37.6

4.0 70. 1 67. 4 69. 8 63. 8" 58. 4¢ 55.0
6.0 70.5 66. 0" 58.9¢ 59.1 38.9

8.0 74.1 - 71. 2 69. 5" 62. 6¢ 56. 7
10. 0 75.7 74.6 73.0 69. 8" 61. 8¢ 58.7 36.7

7 (Notes) :c,.0 (HNO3) =0. 20 mol/L.c,.o (HAN)=0. 10 mol/L . corg.0 (HNO;) =0. 19 mol/L.

20) r/min, #H I (Phase ratio,O/A)4 : 1,28 C

porg.0 (PuCV)) =1.02 g/L,(1800+
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Fig. 3 Influence of temperature

on Pu reductive stripping percentage
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¢a,0 (HNO3) =0. 20 mol/L,c.,0 (N, Hs ) =0. 20 mol/L,
Corgao (INO) =0. 19 mol/ L porg.o (PuC IV ) =6. 0 g/ L,
(1800420) r/min, 4 [t (Phase ratio,O/A)4 : 1,50 °C
ca.0o (HAN) ymol/L:1——0. 10,
2—0.20,3—0.40,4—0. 60
4 F2 w0 IR ViR B %o B 300 B R 38 114 5 T
Fig. 4 Influence of HAN initial concentration

on Pu reductive stripping percentage
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451 T AT BRGS0 SR IR 45 R 8 TR 2,
2 KWL AE 50 CHE Ay IR A Ak PuClllD) By 2 i 2
bk, HLAE R W B T & A AT PuCllD /4
b o OB AE LR PuCIV) B AS B A5 BUE A HILAH , ff
A ALAH Hh i R B o B A R ik B B K T A BT T
o LI A5 AL W], Y KR U T BR E U
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&R BT
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Table 2 Oxidation of Pu([ll) and extraction of Pu during the reductive stripping

Cao/(mol « L71) 0a.0 (PuCllD) )/ Corg.0 (HNO3) / Oorg.0 (Pw)/ Y& 4 10 min J5 (Mixed 10 min)
HNO; NaNO; HAN N, H, (g« L7 (mol « L™1) (g« LD porg (Pw) /(g « L7
0. 20 0 0. 10 0. 20 1.98 0.19 0 0.063
0. 50 0 0. 10 0. 20 1.98 0.19 0 0.078
0. 80 0 0.10 0. 20 1.98 0.19 0 0. 085
0. 20 0. 30 0. 10 0. 20 1.98 0.19 0 0.078
0. 20 0. 60 0. 10 0. 20 1.98 0.19 0 0. 100

7 (Note) : #H I (Phase ratio) 4 : 1,50 “C,(1 800£20) r/min

n(HAN) /n(PuC V) =2) [ 554 F o B8 A He i)
R R A B84k, n (HAN) /n(PuCIV)) ({4
A DL e S e AR R PuCIV) [ R R s 1. |
5 FWLIE n (HAN) /n(PuCIV)) H 5 1l 1 4 1
T Uk /NRE B RE 5 A B A B AR A R AR L X
TR 5 S A IR 2R UG S PR R e S
B 11 B I L ] B 1 R R O R 8 4R R
F S8 (L[] BF 25 R AP B 174 e 4 15 45

95r

1
Mg g5t o 2
:
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= 3
w 2757
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a0 (HAN) =0. 10 mol/L, ¢,,o (HNO3) =0. 20 mol/L,
ca.0 (N2 Hi ) =0. 20 mol/L.corg.0 (HNO3) =0. 19 mol/L,
(1800420) r/min,50 C
org.0 (PuCIV)) . g/L:1-——6. 0, # [t (Phase ratio,O/A)2 * 1;
2—4. 0, #H I (Phase ratio,O/A)3 : 1;
3——3. 0, # ¢ (Phase ratio,O/A)4 = 1
5 AHE BRI
Fig. 5 Influence of phase ratio

on Pu reductive stripping percentage
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