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Development of Partitioning Method

— Back-extraction Behavior of Actinides in DIDPA Solvent —

Kazuo KUBOTA, Yasuji MORITA and Masumitsu KUBOTA
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken
(Received January 28, 1988)

A partitioning method has been developed under the concepts of
separation of nuclides in high level nuclear fuel reprocessing liquid
waste according to their half lives and radiocactive toxicity and of
disposal of them by suitable methods. 1In the partitioning process,
which has been developed in JAERI, adoption of solvent extraction process
with DIDPA (di-isodecyl phosphoric acid} has been studied for actinides
separation.

. The present paper mainly describes studies on back extraction
behavior of Np(TV), Pu(IV) and U{(VI) in DIDPA. Most experiments were
carried out according to following procedure. These actinides were
extracted from 0.5 M nitric acid with DIDPA, wheve nitric acid concen-—
tration in HLW is expected to be.adjusted to this value prior to
actinides extraction in the partitioning process, and back-extracted
with various reagents such as oxalic acid. The experimental results
show that distribution ratios of Np(IV) and Pu(IV) can be reduced to
less than unity with 1 M oxalic acid and those of U{(VI) and Np(IV} with
5 M phosphoric acid.

From resuits of these studies and previous research on Am and Cm,
following possibilities were confirmed ; U, Pu, Np, Am and Cm, which are
major actinides in HLW, can be extracted simultanecusly with DIDPA, and
they can be removed from DIDPA with various reagents, (nitric acid for
Am and Cm, oxalic acid for Np and Pu, and phosphoric acid for U respec—

tively)
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GEHANA Ty TV FORIBED SN T 5,
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High-level waste
t (2M HNO3)

TBP — Solvent extraction —

U, Pu

Formic acid —Denitration {(pH 0.5~ 0.8)

&

Filtration Zr{ MoO4),
DIDPA — Solvent extraction
‘Rare earths (RE), _
Am, Cm in 4M HNOs Ze‘i'”e — |
Denitration Titanic acid —|Sr
Cation exchange
separation
/ \
Am,Cm RE ——|Others

Fig. 1.1 Flow— Sheet of Partitioning Process
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1) Np(V) alEER « Np (V) 86 DIDPAEE
H[H D Amersham  International Ple. 7p GEEA L7 Np—237 4% 8% L, NpRF 1. 8107
M (3.0 X107 uCi/ml) d 0. 12 MiSESIER & Lice COSETRNpRVIETHZDT, DID
PAHEHIH (i) ic &k 2 ErIC BRI bRESINA, B, ¢4b5, R EE 20
mg i 2.5 MaBERIbKF K 4 me, 4 MESER 4.5 me RO A A w7k 11.5ml A MMZ 718, ZBo
DIDPAHIHF LB, BRTONMMURE 5 LB £, GEEFRRL . A% No(IV)
SHADIDPARKEIE L7 ok, BREE, 7y &3Hlic X D BMAETIT Np 2374513 132 BB L
TNBTEERB L,

2 Pa(v) stEtE, by V) & E DIDPARE

B LSV OB T L 0B o U, Puv Y s YIRERA A VAT L DS
LPulV) BRI S Lo 7070 —%Fig 2. 11CTT. BA4 VASBmBIEL L TR, &
74 3 vk Dowex 1-X 4 (100~200 mesh ) %58 L 7.

EERLE, PuitiBAT AMOTEHELESEE L 305, B4 4 Y SHEIC L O AmO TR
ZPud 0. 1B FE L,

Pu (V) SRR A U DIDPAIAERFZRIES LERTIONMIRLE O L, EOSEISRE
HEHERL, Pu (W) HEHDIDPARKE Lice #H, BROKMEIZDVTa@alE 5170,
Pusii¥ 2@ DIDPAMIHBAIP~NET LI S AR L 72,

B) UGD #HEEHK « UVD &8 DI DPARKE .

"Bty 5y (RER9 7 ) BiFRAEB M ICHER L (B~ 100mg/me), 48B4 2
MITHEE L 72 L T30% TBP — n Dodecane iz & 2R Hinic X 0 USRI L, PBREE %015
~0.5 MICHBLTU (VD SURHER & Lo 0% 270 — % Fig 2 2 105 e. SENRRED
UREE, 4X107°~7X107 2 Ci/me (6 ~11mg/mé : ULSEEEz U— 238 & U —234 5o
Ttk D, oTHRZLTRESA, FomEHRErEZLThRL D SREL TEDR)
ThHy, CoEE, S VERPOUBEICEIEEL Y,

ZOU VDEEERIC DL TRIEERICDI DPAMIHEIC & 2R ES T, UV &8
DIDPAREE Ui,

5)~1

2.2 #H E
{1l DIDPAHIA
AAEETLESDIDPA (Di-isodecy! Phosphoric Acid) 1026g B OSBAEI kS T pks

A B TBP (Tributyl Phosphate) 133g%, DIA#ZEMALHE 1 — Dodecane 2834g THIR
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Bl&ild.)
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DIDPAICHIE 2417 Np (W) wENERICE i 354 # v 2Xiidis & L TR 5
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MEAGERIEH EROHBEUT DL B0 TH 5,

W OE st HoooomE % | A @ [
., | #ruEEC 525 2maza- | PUME " -
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¥4 FHRDIDPAMBRIC L AERIC B TOLEE L,

Pl Eomtegaid, MERRUOAEREDPOTRBEES T LD T Table 2.1 XU Table 2.2
v S

2.4 EBAE

(1) Np(IV}, Pu(lV) RTU VD Ffil R

@O  BREXRF) ¥ L yRERC Yy RTINEQ S HE S HE T b,

@ OKRUNpIV), Pu(lV) XiEUVDEEDIDPARE £FTEREICRE L /18R KE S
CREFT 5. (K203



JAERI-M 88-028

@ WHEAIDA » fosi E R Y = F b v EEIR e A DI DPA B &4 sk 1 &
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® KM GHEHHEED % n - Dodecane 0.5mic & 2[0lped L -1, BEAERLT, «
RIE R, N r BAERE &9 5. OKEEEHRIS B0 T EMHEMIBAT S &
WHU, COFEEADORBRENSVIESICE, BEHcsU2BETRENS, ki
BIFE, COBREBZBCALDIITH Y
EBEBOHESM4 Table 2.3, Table 2.4iZ77,
2} BEA A4 vABaBiiSic L 3 DIDPAR SO Np (IV) O FEE
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® HHEHOBEE 4 > BBIEAELEIC 5oL - < DEES (25°C 3090 Lk,
BT BEET 0
® ETHEDPS r RMERRE AR 5,
13) AWDIDPAHIBAIIZ L5 UND Hih5EER
@© DIDPA#HiHHIA n — Dodecane iC & W50BICHFR L, BHHEKAN S,
@ OQEEHCELEPCHEBEEORA 4 vKENA, REOHREEOER %S 2.
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@ ORU@QOFEREZBRKED (25°C) KB TH20AHIFT 3,
® FHRLADIDPAHIAAIA U VD KEBICHEEMZ, 25 °C T 732403045 fH
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TH <,
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@ OOENERCEEEE 2l FOo@oEKEILH> 2L, 7 NRAHRTIRE D (35°C 15
) LB onEEd 5.

@ HEERUAEAE Okilic 20 Tid, n- Dodecane i & 3¥EFd b, 7 HHIERFHE
cd 5,

Table 2.1 Experimental

Element Origin Purification method | Measurement
UQ, Powder
. ) _ . 7 (185 KeV)
U (VD Dissolution with Extraction with TBP |
a
| HNQ; or HCI
Np (IV) _ RI ' - 7 (29 3KeV)
Extraction from Ion Exchange
Pu (IV) _ a
HLWwith TBP (Dowex 1)

Table 2.2 Actinide concentrations in experimental solutions

Element Experimental solution Actual HLW
U 6 x10°~1x10" g/ 1 ~10' g/}
Np 2 % 107 g/ 1 | ~10° g/l
Pu ‘Tracer Level - ~107" g/ 1
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Colurnn conditioning] {with B8M HNQO3)

Y

Feed solution )

Ton exchange (Pu solution: 14M HNOg=1:2

¥

Column washing (with 8M HNOz}

A

Elution {with 0.5M HNO3)

Fig. 21 Pu (IV) purification process flow (by ion exchange)

T solution {U:0.1g9/ml, HCL or HNO3 solution)

Y

Mixing with HNO3| ( HNOz concentration : 2M )

L

Extraction 1 {with 30% TBP )

L

Back-extraction
(3 times )

( with 0.01M HNO3)

1

Aqueous phase
scrubbing

( with n— Dodecane)

\

Dilution (T :0.006 ~ 0.0t g/ml)

Fig. 2.2 UD purification process flow (by solvent extraction)
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3. MARLUER

3.1 DI DPAMEHFICHE ZNIZNp (V) OEIX

DIDPAfHE Al & fu ke Np WDOEICEEE LT, Tio 2 BEDFEIR D&%
%%ﬁ’) 7‘:0

O A OV X 250 R
@ B4 A4 ARSI L 5 DIDPA A 5o Np (IV) ol EH
PTFiwzh o nEROERICODERNS,

3.1.1 Np (V) o ifhd
(1) v UBRIC X 5 |
DIDPAfMH&I iz S hfc 7 7 F = Fo#RIbic 20T, AmKAUCm O X SBMHD T
JF = FIEDWTIE, Bk 50 Mt TRETH 5 C EBHCHGMITE - T 4, LdL,
Np (IV), Pu(V) RUUND & AZNVER VIO 7 7 F = Mo 20T, EERIC L SEHH
i, BETH s, Fico5b, Wil4 42 LTDIDPAHFIdICIEES 5 Np (V) XU Pu
(M2 THR, ZhoA4 v EoREBRENOREL Yy 2 vBICk TN ET -7 BB
ol HBENEBICSETE 500+ ERR, ZRKEEYREARONE LV OHE» L6
HE LWl sEFBRL NS,
PITiNp (V) D v 2 7EEIC L 2 HERBROERC oW TEEEY 5.
a VavBEEOLE
Fig 3. 11T = UBERE &- Np (V) 9 & oBEERd, SELE, Yo VBREROCZE
SEICREFAT 2, va vEBEENICEOT, NpAV) 1 4 ¥, Np**, Np(C.0,07,

Np
(C:04D2,

mﬂ@omfﬁwmxcmar@5o@%%%&ﬁfﬁ&¢5m%@w&aﬁ)
Jones & DM HSE, G0N £+ VI E TN b EBKOTEIRE L DBIGATEL,
FOERA 70y b5 ETFig 320 K9IIKH B,

—H, vavBERPIKET5C05 44 vBER, KATHA b0 5,

g, — "1 (HC,07 )

(H,C,0 (-1
C(HD G087 B
e~ G000 3-2)

21)
K, =59X]0?

K, —6.4x10° 2V

MR Ic BT 3 HY 44 v i3, DIDPAHIHEITIC O o7z At S /8B4 4 v AvKiE

_.11_
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BpicEmlEnfClickab0s, va vBRHFOMBE LS SOLHEFALND, Np (IV)
&5 DIDPARMOERIFIC S U 3 ASETOWBERER, 0.5MTHD, FHEROER
o iHED (DIDPARXY 2) S, 107204 — 4 —ThH DT EANEEL TV 579,
DIDPAMHFIPDIERIC L 5H 1 & »~OFE R, (LOHBATR) 0 ~I0PMTH 3 LE
Z b,

(3 -1 ARV (3-2) K&ko, (3-3) ALK (3-4) ard s,

C {x+2y+m) X
’ (M-x-y)

3-3

_(x+2y+m) -y
X

K, (3-4)

=L,

M #ERi0oHC, O 2BE (M)
mIHEICZSH A4 YBE (M)
X H,C,O A4 V& (M)
yLC. O 14 viBE (M)

(3-3) ARY (3 -4)AEM=10"~10° (M), m=10"~10" M) CEWTHES, HH%
LECOr A4 YREARD 5L Fig 3.3WRT LI Z, Fig. 3.3 h0hmaL5iC m
=107 ~107 MOEHIZ BT (H G0, 1=107" ~10° (M)DIGS, AR L /12 C.OF BB, 6
X1 (M) TRE—ELTED, COfERcHE T3 Np (V) @ v - AL, Np(C, 0,07
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Np (IV) X O Q N

Pu (IV) X ) -
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‘ . L (A—4)
Table A — 1 Analysis of phesphoric acid
g/L

P,O; 607.8

Al 6.1

F (calculated) 262

Fe 4.7

Mg 44

Mn 0.45

Si 6.4

Ca 23 ppm

u 145 ppm

. - L (A—s)
Table A— 2 Phosphoric acid composition,
weight percent
Phosphoric Acid Composition, Weight Percent
Mag-
P)0Os Iron  Aluminum nesium Fluorine  Suifute Uranium
S3E 0.65 0.5 a.16 0.43 bR1] 0.0209
(A—8)

Table A— 3 Example of WPPA composition

Bourca Recomrended [ & P O P.p.m, U P.p.m.U0 P.p.m, U0
- 275 EN ] i ]
Extraclice average AVETAGSE rangs
Tempesratura
Flar fda - x 45 n 91 B87-96

"

30,2 104 . 121 105-116
N, Carclina 45.2 3 35 -

" 43,5 19 ¥ 19-25
Ietasl 28,6 78 91 80-11)
Morscco 45.9 58 69 -

- 38-45 76 9 Br-116

" 4d-46 B9 lo% 93-108

- 29 E2 73 61-03

" Aabient 50-54 103 121 50185
Pacific

47 55 39-55
Gypsum (Di-
Aydratas) Process} 25°¢ a5 100 92-111
Gypsum {Aeni- .
Rydrate) Process) 20-40°C 53 62 46-67
Conc, Phosphoric 4% 85 100 22-160
Acid

30
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Anaiysis Distribution
U, P20g u, P20g,
Techinical ppm g/l % % %
HaPO4 -covvvmcmmmmmmaniens 145 607.8 100 100
L
NayCO3 (100 mL)
{34g)

Defluorination

. Filtration ?;gs;;:ﬁ ...... 2 0 _ 0 0

2x150 mi .
sec-butanol Extraction Orgar\.n::. phase
bbb (2 stages) containing --- -« 7 1216 - 18 75.2
HaPO4
{376 ml) _ _
Aqueous phase --------¢ 496 6§27.5 -
{24 mL}
Crystaftization
{200 C, 2h)
Filtration Solids:
: Phosphates of--80 - 40.3 6.1 7.3
Al, Fe, Mg,
rare earths
(11 g}
NH40H Solution
or Fe powder {(BOmL)* -«-v-emnenn- 220 212.2 - - -
1

Precipitation

Solution for

. 189.2 - 0 15.6
production
of fertilizers
{50 mLwith
Uranium washings)
cancentrate
{AIPO, , 2.5g) o-rrrrrmmnenoes 4400 - 458 75.9 1.9
® Originally 7 mL , washings
added, and voiume adjusted 1@ 50 mL
Fig. A—1 Scheme for the recovery of uranium during A=)

the purification of technical phosphoric acid

by sec -butanol
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2
L WET PROCESS PHOSPHGRIC ACID

—L2 _ RepuciNG AGENT

f& AMMONIA OR AMMONIUM BICARBONATE

REACTOR !
24 Vi
L CONDENSER ——
I
67 AT 22
1 8 /VM 18
7 FILTRATION 5 WASHER g DRYING
REACTOR ax UNIT < UNIT & UNIT
(210
i 220
r? b 2
DISTILLATION PHOSPHORIC ACID
I SOLVENT
unIT >70% P20s EXTRACTIQN
) UNIT
21
12
i3
| ~ RECTL:lf:TION WATER
. L . (A—35)
Fig. A—2 Precipitation of uranium concentrate from
wetl process phosphoric acid with recovery of
concentrated phosphoric acid
WET-PROCESS PHOSPHORIC ACID PLANT
1000 tons P, 0g / day
1000 I U30g /ay
|
FILTER ACID
32% PaOs 32% Py 05
400 gol / min < 100 ppm ORGANIC
6.0017 1b Uy0g /g0l
= URANIUM -
PRETREATMENT EXTRACTION |w POST TREATMENT
: : J
EXTRACTANT . .
~ 200 gol/min § gat /min
URANIUM [
STRIPPING  fea—
, URANIUM PRODUCT
SOLUTION 32% P,0s
~8 gol /min
Q.C9 tb U,04 /90!
to SECOND CYCLE
(A—72

Fig. A— 3 Uranium recovery from phosphoric acid process
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MCMARANE  MHLUTION

DEHPA STOPO.

FHOMHORC TP

o mrputtant

FEID SO
oadt mowerA

b ERMALIFICAT DM >
ELECTROETATIC "
COALESCENCE

l Lomnen vt *

ERUNON

|

Flow diagram of uranium extractuon

by the liguid membrane process

PHASE 3

Uo,%*

WET PROCESS
PHOSPHORIC
ACID

PHASE 2 PHASE 1

G

%ﬂ' he

i S W
MEMBRANE STRIP
AND
EXTRACTANT
U0 = 0

Transport of uranium across the membrane

(A—8)



