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Pu (VD) Nitrate Crystallization Behavior Confirmation Experiment

Hajime Yano Kenji Nishimura
Takahiro Chikazawa  Naoki Teramae

Abstract

Crystallization procedure is considered to have an advantage in recovering rather pure uranium from
contaminated uranium solution and to be applicable for a new reprocessing process.

It is considered necessary to collect data for Pu crystallization for design of the process with crystallization
procedure . Last year the test for Pu(IV) nitrate crystallization was performed and it was confirmed that Pu
crystallization is not observed under supposed crystallization condition if Pu valence is adjusted to 4.

In this stndy, two type beaker tests were performed,

@ Pu(VI) nitrate crystallization test to confirm a behavior of Pu (VI) nitrate under crystallization condition.
@ U-Pu(VI) nitrate crystallization test to confirm a U-Pu(VI) co-crystallization phenomena
These tests were performed in AEA Technology Harwell Laboratory and the results were examined by
Mitsubishi Materials Corporation.
Test results were as follows.
(1) Pu (V1) crystallization test
@ Pu(VI) nitrate solution of 200,100 and 50gPwI. with HNO3; 6M were cooled down up to —60°C to
confirm Pu(VI) nitrate crystallization or freezing of the solution.
@ Crystal of Hz0 and HNO; * 3 H,0O were observed but Pu(VI) nitrate crystallization was not observed.
® We can estimate that Pu(VI) nitrate crystallization will not occurred in the reprocessing process with
crystallization procedure.
(2) U-Pu(VI) nitrate crystallization test
@ U-Pu(VI) mixed nitrate solution is cooled to 10°C and 0°C.
@ U-Pu(VI) co-crystallization was confirmed by orange colored crystal in both cooling temperatures.
® Itis considered that Pu(VI) nitrate crystal is co-crystallized with uranyl nitrate crystal by the following
reasons.
* chemical formula of both crystal are simitar.
* crystal form is same and lattice parameters are very near.
@ U+Pu(VI) crystallization data is very near with uranyl nitrate crystallization data if Pu(VI) nitrate is
considered to be crystallized in a same manner as uranyl nitrate.

This work was performed by Mitsubishi Materials Corporation under the contract with Japan Nuclear Cycle
Development Institute.
JNC Liaison :

Recycle Process Technology Group, Advanced Fuel Cycle Technology Division,

‘Waste Management and Fuel Cycle Research Center, Tokai Works
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Pu (VD) EhaEBROGEREZE LD ELUTOBED L35,

ORERTIN A D BT AEREMA B W EBE L TAEEER L7, P uDBEFE
6 M CORNRAETIE. P uE 200,100, 50 gPu/ 2. 6M HNO; DLETid. HhEe
ThzohDFERIZERE T, H,0 OFREEKRTHND; - SH 00 RBESWNER LT VWS,

QMEEEP uismOEE MR E LT, £3.3.1 OEVERIN,

#3.3.1 WHEEPuBAEOBERT-7%LD
HERRE 6 M
OgPu/ ¢ —43°C
50gPu/ £ —45C
100gPu/ £ —48°C
200gPu/ ¢ —50C

QBEHBROP uREOATHEDOBEZLAX3. 3.1 ITxd,

CORER. S0R T 100gPu/ £ DIGEIC, BRERICHEIEEDO P u B LANSTRIN
TW5E, —7. 200gPu/ L DIBHITE. BROY » TIVCEHBEDS XAAD BT 5
NIEWieH, PuilBEOLRNEWLOEEL SN S,

@LUEXD, PuRFMA6HETH > Th, HEEP uDREREIEER LISV alEetkd R
N,

QFHEEDPu (VD &FHBROBR. BSOS HEERIN 0O RAER L 78 - 72,
DIz, HHEEP u 200gPu/ £ IETRICER/ S~V L., BREEREFIE3 2L
L0, HRIMILOESOIERERAS T, K3.3.2 RUIKS. 3. 3 ICRREER OMEE
Tl DEEOEEE., B3.3.4 RUM3. 3.5 HEKDOS EMBEAERT,
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3.3.5 MBIV I LAEEDSEME (0 2)
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4. U-PuRESHRTOREIHE
AFERG, Pu (VD BB EERKIC, EEAEA Technology Harwell BFZEmmic
TEHEL, HROFME=FE<T ) TANERL T3, RBHREROETEERA
=y Sl I o
4.1 HAEHE
(1) U—-PulFikoiE
Pu (VD EHRSBRTERALAP u (VD EikE. B 5 VigkE RS L. BT
DIREDIEREHE LIz, 1536, UNHEROERISORSHRERERT 57201,
Cs-13772h-4- & LTHRML TV B, BHOATRRIILUTO®EY Th 5,

U/ o) | rue) [mo, ap | e |
10°CIEHIBERR | 446 5.7 | 4.6 | 644 | 6
0°CisENEAERH 446 60. 8 4.6 38. 2 6
(3 HEFIE
SEFIEE D T IR

a. meiTiR(E
RATEREICFEA T 247 7 RO BBEB AM2. 1 ITRT,
OREFHABEE ISR 458 U BREREI I CIESHBRI NS & T,
@A0CIfRIR L7 U — P u BBRIAIS0n 1% RATREBREEE ICE AL,
OPFREBOEREEE L. SR LSV 5 IcEE s 8% 2,
@FEFR LIS 5. U—P u RBRIAKLn 2B HEE —0.5 °C/ninTHREIT 3,
OFHBRERDIRNEBE LIS 5. BIRBENICCITE 725, D& (0. 050) DU
NH#ERE®EEE LT, HRICHHa L. BROESRERES Y5,
®mAiE s h, ETEOTEHICUNHEENER L. L8l & 15 - 7018481
3. HAEEBORERKEET,
QICETHHITEE, BEIZEIEL, 10°CIcHERR L, Bkt EL L. 889 5,
@EITTEAD LA 5,
b. 538 - PEEHR{E
A8 - R ER N B RBREE AR 2 128 T,
OQUNHEROESRE LT, 10COBHEROESIT. 20080/ 6. 5M HN0; < 100
nlZ10°CITI AR 9 5,
@538 - BEEEEIC10COBEIFIE AT 3,
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@5 - HFEBOTE L TEREE L, T2 REEd 5,

@ORMABETEHONALUNHERESU RS V0L2E%. Al - BB,

@AEMELILNT EEMEER LT, T -1E kT 5,

©®© 55 - EFEBO T SN T EHET B,

@5BEOUNHEE» BN AT 3,  (C-0)

@AY AT B (L-0)

OUEE #2501 % 58 - FiSEB MY B,

afa3 ZHWTFET, UNHER &SRS 5IaHEk L, T L7528, 72
EV-§ ke d 5,

DABPELIN T EEHR LT, TR0~ T 2,

@58 - EHEEREOTH/ L7 2HAET 5,

GUNHEREHNI55, (€D

WAEENT AT B, (L-1)

OEEFHn 2 BE, 58 - BEEBICHB L. OhoQE TOBRIEEEDIRT,
TEEROYTINIC-2, BigiEL-2 &85, '

OFEA&K25R] = HE. 5B - EHEEEIHBE L. Oh 5@ COREEFEDIRT,
EROTINIC-3, HIEIIL-3 &85,

Qt@%ﬁ%ﬁ&i\_ I0CHRAFHRICOVWTOHBRERETH 0. 0 CHHRBR TRIEESRD
HHARA150gU/1 « 5M IINO; TH . HIGEERL 0°CTH B,
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4.2 HERFER
4.2.1 T 0°CiptlidER) OHAEESEE
(D) BbrikiR oz

ORINEMBROEEZRL. 2.1 10RT, mROHHrE344680/ £ . Pub0. 8gPu/ £ TH
B, PUDENRHSINTH B,

QRITRIEPH DR ERL. 2. 2 1o, KHBORH AL, 2.3 1T/R T,
B4. 2. 4 1 RIIGENRERE T, M3 CTOUNHBEDSEH I X AR5 7
RPEBREINTWS,

QHWE 58 LI-UNHERORREEHRA 2.5 1TRT,
Boh/UNHEROBI., Y9EE L TWUNHEZOZETEE . §MD
PultiEERg5EEZ6NBA LV IVBTH -,

@FEE D | BIERIFORRERL 2.6 RUB4. 2.7 ISRY,
MDA L v B, BiRAEEICIDBREINEIEICLD, I SITEEDNIA
Voombisoi,

ORRDE 2 EIptF R & U 3 BlikERORR AR, 2.8 RUR4. 2.9 12577,
REERDA L v VB3, BREERVIRTRE. SSRBEPMIA L L UBREE -1,

@B oniERE /I, RERUAENIERAL 2. 10RO, 2. 111257 T,

@) a7 -4
F4.2.1 THhT — 5 ROMEIERERT,
- BITERIEIC X B UDILEEE. 89.0% THD. PuDIERILTS. 6% TH-7, Pu

FRICRKUTU & LBl Wi, BTEET 2,

- UK BIMUL7CsOD F i3, 2 ElREE% T 9808 LT 5.,
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#x4.2.1 TOCHHAFRR] OHTT—F BLUMEIRER

- RESHE BITE/RER&

FA#B UiREE PuREE CsiEEE  |MEBEHNORE U Pu

(mL) (g-U/L) (g-Pu/L) | (kBg—Cs/mL) (M) (%) (%)

5 SN 50.0 446 60.8 38.2 4.8 100 100.0

531 (30.3)*1 81 245 38.7 7.6 (11.0) (24.4)

SRR — 151 - — 5 - -

L-0 (&) 23.0 63 24.5 39.4 76 6.5 185

L1 (E13%E®R) 26.5 148 5.2 5.1 — 0.7 4.5
L-2 (23818 %R) 25.0 158 3 0.3 - 0.8 2.5
L-3 (S35 ) 255 175 2.3 0.2 - 3t 1.9
A REFR& (i) 89.0 75.6
& &t 100.0 103.1

. RESHIE UREDIRHI
mg-U/g meg-Pu/g kBqg-Cs/g Pu-DF Cs—DF

C-0CRZESIER) 454 45.7 35 1.35 1.1
C-1{(FE1EERHER) 483 48.2 0.32 1.37 129
C-2(E 2k RTEA) 480 46.2 <0.07 142 >587
C-3(E3mkFRR) 475 44.2 £0.07 147 >581

RS REBREOR M EH L EE
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4.2.2 T10CIHENERER | DREER
(D) @RI DB

OEE DS HrEI344680/ £ PudS. TgPu/ £ TH A, PuDBESNBIL N TH 5,

@FA. 2. 12IR TR ENRERIR T, B3I CTO UNHBREOEITIC L 3FHHES F
BUHBARIN TV,

@F oA UNHEREOEIZ, 0CCHHIEEREERIC. YHEEL TOW/UNHESR
OEBETREL, CMOPuERT2EEZZ o054 Ly VB TH >, Btk
OF L VEORRLEIRTD 5,

@D Rth7T—%
F4.2.2 WOt 7 — RO RAETR T,
- BIFIEMEIC X B UDINERIE, T9.4% TH Y. PudIIRIZ6I. 1§ TH -7z Pudd
FRICRLTU ST LA2BRI>W TR, B TEET %,
- UioHd 2R MU7ACsDD Fid. 2 Bk T 3502LETH 5,
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#4.22 T0CHHARER! 09T —¥BLUEBIRER
i BESHE BITE/RH®K
- I o= e
Eik 2t B PuRE CsiRfE | MEBEHNO,EEE U Pu
(mL) {(g~U/L) (g-Pu/L) | (kBg—Cs/mL) (v %) (%)
B 50.0 446 59.7 64.4 46 100 100
iR (33.3)%1 138 33 66.8 6.9 (20.6) (36.9)
P 4 - 203 — — 5 _ .
L-0(FE) 28.5 138 322 65.9 6.9 176 30.7
L-1(E15kEE) 25.0 200 5.1 6.8 — 0.0 43
L-2 (5250 4%%) 25.0 214 2.2 0.3 — 16 18
L3 (538 i% ) 25.0 213 1.8 £0.2 — 15 15
SRS S (Ghi%ar) 79.4 63.1
& &t 100.0 101.5
_ BESHE URHEDRRRE
B
mg-U/g mg-Pu/g kBg—Cs/g Pu-DF Cs-DF
C-O0(RIEFHER) 459 47.6 35 1.29 18.9
C-1(SE1EBkEHER) 432 456 0.14 1.27 446
C-2 (B2l 339 38.8 <0.14 117 >350
C-3(EE3mEHiESR) 370 438 <0.14 1.13 >382

*1 R IHERRE O E LMD EH U HEE
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4.3 HAEEROEBE

OSFEEFEN L 72 P u 6 MESHBERHOSIRB TR, P u2E50, 100, 200gPu/ £
D 6 MBI >WT, —60°CE TOBEIRREIT - FokER, Ho0 OiEE & HNO, -
H0DFERDREEMIB SN TV B, MHERP u 6 fioKRIEFBONRTHIEL, #-
T, U~ PulBEROFBET, Pubh v v & L BRARETOHED &2
Ao b,
OILEEF AU L TEY . HEERVE LT, BTEHDGEEISEW Y, UNHES

DOPIZP u 6 HDFER R - THRDAEN/ /2D

F4.3.1 IIIHEEPU 6 EOHEROT -5 %, R4.3.2 KR Y S - LOBROT -
FERT, TDI5, FHARTHRELZLEMILTOBED TH 5,

EFRER
k& TEER
do be Co
Pu0, (NO3) 2 *6Hz0 | Orthorhombic 13. 099 7. 961 11. 497
#HREO—E
U0, (NUa) 2 '6H20 13. 08 8.02 11. 45

@Pu 6 iDHERVUNHDERICER - TR AE NI EEZ B E, U-PulRadm
DFERIT. VBESORBERCHEMT LN TE 5, K4.3.1 RUNHEKRD SRR
77— U—-PulRdFABERE 7oy PLAALDOTH S, BIEOURBELP uBE

Gt Ll UBSOfgIGE S 2 &h s, U-Pu (VD) BEABREDEST
3. ULPuDESHIEID, UDHKDLDICPudirHLThWa3EEL 5N 5,

@U&EPu (VDD WEERLIEROSEMEEZKA. 3.2 ~4. 3.5 TR, Lo
fois. BEORITTHRONAUNHEROS EMBEEXKA. 3.6 RUE4L 3.7 IR
TH, MEOHESEZRIZREE W,
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Fable 7.50  X-ray crysial structure data of plutonium salts prepared from oqueous media,

Lattice parameters

Pu Spnce gy by [ Angle Density
valence Compound Color Symmetry  group  (A) (A) (Af) {deg) {gem ™) Refs.
Oxalates-and earbonates
Pu(m}  Puy{C;04)s- 10H,0 bluish green  monoclinic  P2;/m  1L395(3)  9.599(5) 10071(2) § = 11854(1) 1099
11.84 9.40 10.66 f==12013 1100
P2, /e 11.1% 9.60 10.18 A=1142 3109 1101, 1118,
119
Pu{tv)  Pu(CyQ.); ' 6H,0 green triclinic 6.377{4) 6374 7.931(9) a==91.74(1) 1102
B =9L74(1)
¥ = 89.26(1)
Pu{Cy0,};'2H,;0 green telragonal 10.527(5) 4.861(5) 1102
Pu(C,0,); - 2H,0- (acetone) pink tetragonal B.642(2) 8.088(5) 1102
Pulvip  Pu0,C;0,-3H,0 pinktored  monoclinic 5619(3) 16.365(6) 9.420{4) B =9843(1) 1095
Pu{v) NH,Pu0,C0O, grayish white hexagonal Co/mmm 509 2.83 1103
KPuQ,CO, prayish white hexagonal C6fmmm 509 10.39 4.99 1103
Pu(vy) PuO,C0; pink lo light orthorhombic Prmmm 4.80(1) 9.26{2) 4.25(1) 1104-1106
bufl
(NH4),Pu05(CO3) fern gresn . monoclinic 12882(2)  9.279(2) 1047H2) B = 97.05(1) 1105, 1106
(NH ) Up 3Py, ;05{C0O,) decpgreen  monoclinic 12736(2)  9403(2) 10.732(2) £ =96.39(1)} 1105, 1106
{NH,).Us sPuy 50,(CO;),  grayish green  monoclinic 128522)  9.329(2) 10.620(2) B = 96.51(1) 1105, 1106
NH.) Uy sPup30,(CO,);  green monoclinic 12744(2)  9.295(2) 10.628(2) F = 96.00(1) 1105, 1106
Acetores
Pulvi)  NaPuQ,(CH,CO0), pink cubic P23 10.643(2) 2578 1107
10.670(1) 1108

Nirrates, phosphates, and arsencies

Pu(tv)  Pu(NO,):SH,O moss green  orthorhombic Fdd2  1114(2) 22583 105103 290 1109
Pu(v)  Pu0,{NO,),-6H,0 deep red orthorhombic 13.099 7961 11497 100, 1117
Ful,(NO,); 30,0 decp red Trichnic 5907000 7108 e =1is3 830, 1110
F = 1206
y= 819
Po(my  PuPQ,-O.5H,0 blue hexagonal 70122} 6401(2) 627 it
PuPO, blue menoclinic 6.73(2) 7.00{2) 642(2} p=1038 1.55 1
Pu{iv) PuP,0, colorless cubic 8.560(6) 4,37 11t
Pu(PO,), pink-tan orthorhombic  Prab 893(2) 14893 68712 4.03 11z
Pu{v)) HPuO,PO,-yH,0 grayish white 1¢tragonal 7.02(6) 8.85(7) ) ms3
NH,PuO,PO,-yH,0 pale green tetragonal 700{4) 2.07(6) i3
KPuQ,PO,-yH,0 pale green tetragonal 6.96(d} 8.94(5) 113
Pu(m) PuAsO, light green monoclinic P2, /n 692(2) 7.0%2) 668(2) B=10445 797 1114
Fu{vi)  HPuO,As0,-2-3H,0 grayish white tetragonal 712(3) 9.06(3) 1113
NHPuQ,A50,-yH,0 pale green tetragonal 1109 B.77(5) 1113
KPuQ,;As0, yH,0 pale green tetragonal 7.12(2) B92(3) 1113
(Rby aHg 6) olive green  tetragonal 7.14(2) 17.836) 1113
Pu0,As0, - yH, O
{Cap.sHy o)
{Pu0A50, )y 2H, 0 beige tetrzgonal 7.13(9 17.06(16} 1113
(St0,3Ho,5)
(Pu0,As0Q,); - zH,0 olive gresn telragonal T.14(2) 19.65(6) 113
Sulfares
Pu{m) Puy(SO,), bluc-violet tetragonal 8.59 1026 1115
Pu(rv)  Pu(S0,),-4H,0 coral red orthorhombic 14.750 10.876 5.695 1117
Pu(vi}  Pu(,50,-25H,0 b ish red  orthorhombi 19.915 12,489 6.765 17

i : The Chemistry of the Actinide Elements SECOND EDITION Vol.1
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Table 544 (Contd)

Lattice parameters Density
(Bem™%)
Space dq B co Angle —_—

Compound Color Symmetry group (A) (A) (A) (deg) Z  X.ray Qther
UQ,TeO, straw yellow ortherhombic Pmab 7860 10089 5363 6916 6.878
UQO;(NO,); - 2NC, orange
UO,(NOy}, yellow
UO,(NO;); b H;O
UQ;(NO,),-2H,0 monoclinic Cm 14124 8432 7028 B=105 4 347 335
UO,{NO,), -3H,O lemon yellow triclinic Pl 573 6.99 721 «=115 i 328 293

with green B=1195

fluorescence y=282
U0, (NOy), - 6H, 0 orthorhombic  Cme2, 13.08 8.02 11.45 4 2772 2742
(UQ,)5(PO), = yellow-green
(UC:1:(As04): yellow-green
U0, C05 greenish yellow  ortherhombic Pmdyn ot 4.84 220 429 2
{rutherfordine) Prunm
U0,C0, H,0 greenish yeltow triclinic
VO, {HCOO),
VO, (HCOO); -H,0 yellow
UO,(HCOO); - 3H 0
O, (CH,COO0),
B-U0; (CH,COO), greenish yellow
UO;(CH,COO),-2H;O  greenish yellow  orthorhombic  Pbnd; 14.95 9.61 6.93 4 239
UO,C.0, . greenish yellow  monoclinic 530 1667 1057 fg=19638
VO,C04-3H,0 greenish yellow  monochnic PY /e 5.61 17.04 941 A=098"12 307 307
U0,Cro, :
U0,Cr0, - 5.5H;0
Uo, Mo,
U0, wWao, monactinic P2i/c TH5 5482 1357 4 6.63
UO,W,04p
UO;(ReD,),

UO,(Re0L};  1.5H,0
UO,(Re0y);-H0

O {CNO); golden yellow
UVO,(CNS), - 3H. 0

i34 : The Chemistry of the Actinide Elements SECOND EDITION Vol.1
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b. £&o

REEORBERTELHBELUTOEY TH 3,

(1) Pu (VD &Sl
Pu (VD &®BITOWT, MEBERM 6 M. P uEEA50, 100, 200gPu/ £ TOEHTAER
ZITWV. —80°CE TIHAN L7, 1.0 Of5E EHND; - SH,00ER DR AMAER L
728, R P u OFESRB o hiih - 1,

@) U-P ulB&HTOEITHER
U—-Pu (VD BEBBRIZOWT, I0CKT 0CE TOBRERERET - 720
COER, HH. BELTHWIEWU-Pu (WD ofEH18RIN-, CoFERIZ
HEDEEEIIFREIEL . HRERDEILTHD . BFERLIFEITENEITLD
UNH#ERICPu (VD #EEPE->THDAENE LD THEEELONS, UNH
DEFF -5 U+Pu (VD EMAGERT - HENT EMS, U—Pu (VD
BEEROEGICE, ULPudkBirdEc b, UoRbDIcP udifiiLTns
EEZ 5N B,
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