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Method of Partitioning High-Level Fuel Reprocessing

Waste ( Separation Apparatus and Cold Test )

Masumitsu KUBOTA, Isoo YAMAGUCHI, Haruto NAKAMURA,
Shoichi TACHIMORI, Akira SATO and Hiroshi AMANO
Division of Radioisotope Production
Radioisotope Center, JAERI
( Received July 13, 1977 )
In application of the combined solvent extraction and
ion éxchange to partitioning of long-lived nuclides in high-
level fuel reprocessing waste, the apparatus was set in a high-
density concrete cave of Radioisotope Production Laboratory
for test with a simulated waste. Behavior of transplutonium

elements for partitioning was estimated from that of rare earths

- because of their chemical similarity. Transplutonium elements

are separable efficiently by extraction with HDEHP from the
waste along with rare earths énd by cation exchange with eluant
DTPA from most rare earths, except about 9% loss in precipita-
tion during denitration with formic acid. The partitioning
process consisting of denitration, solvent extraction and ion
exchange is generally satisfactory, except a few problems.

The process is well applicable in the intermediate experiment

with about 1 kCi of waste scheduled in the near future.

Keywords: Fuel Reprocessing Waste, Transplutonium Elements,
Solvent Extraction, Ion Exchange, HDEHP, DTPA,

Separation Apparatus, Partitioning Method
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Fig. 2 Denitration and Evaporation vessel

Fig. 3 TFiltration apparatus
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Fig. &4 Mixer-Settler

Fig. 53 Degassing apparatus
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Fig. 7A Electric circuit controlling the operation of the separation apparatus
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Fig. 6 TIon exchange column

Fig. 9 Control panel
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31 EEELEERORR

B OB LRGSR TRET 2 E FHE SN L5 L ~VEROMIRICE o+ TRBSE TR
ORWFEIED &2 E o THEEFELMER A S Lz, Tablel KTPEINL &L~ VEROMNE
T TR Lt B AL B oM A TR T . BABRBEOZTEIPETRIMEEIC LS T
EBT A, WEEHNELGEESLALE, THOENa, La BLUE v REHEHNMER
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Table 1 Chemical composition of expected high-level liquid waste from
the PNC reprocessing plant and simulated waste solution used
in the present work

Element Wéste from Simulat_ed Element Waste from Simulated
PNC (M) waste (M) PNC (M) waste (M)
| H 2.0 2.0 Pd 0.018 0.018
: Fe 0.038 0.038 . Ag 0.00085 -
| cr 0.0091 0.0091 cd 0.00085 -
Ni 0.0060 0.0060 Te 0.0068 0.0068
Al 0.00076 - Y 0.0084 0.0084
Na 0.076 NH, 0.076 La 0.0147 -
U 0.0076 - Ce 0.0330 0.0477
Mo 0.069 0.069 Pr 0.0137 0.0137
o Te 0.015 - Nd 0.0434 0.0446
§ | St 0.0165 0.0165 Pm 0.0012 -
% Ba 0.0207 0.0207 Sm 0.0086 0.0086
% Cs 0.0371 0.0371 Eu 0.0019 -
| Rb 0.0074 0.0074 cd 0.0010 0.0029
| Zr 0.0069 0.069 Am 0.0010 -
| Ru 0.034 ' - Cm 0.00025 -
Rh 0.0080 0.0080
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BEREAEER L3441~y FELTFRICLAREARAIEERE L, K5y FED
BIFAFig. 1 05T, BYICEEHELRERE, - 7 VHOME - BRI 77 X2 K® L

Transfer 1.3%2 of simulated waste
into denitration flask

|

Wash feeding line with 100ml of
H,0 '

Heat the solution up to +100°C

Add 175ml of 24.7M HCOOH
l at 4.7ml/min

Trap NO and NO» Wash feeding line with 200ml of H;0
into 1.58 of H50 : l : :
with 0, gas flow-
ing at 400 or Heat for 3hr
800ml/min ‘
l Allow to stand overnight at the room temperature
Titrate with NaOH Measure total volume of the solution
(0.462M HNO3) l (1600m1)

Filter with No 5A filter paper

_“5\\\\\

Filtrate - Precipitate
Measure velume and Wash with 420ml of H,0
pH of the solution *

(1340m1, pH3.91) Weigh precipitate

* (260g)

Heat for 12hr at 90°C
l (47 .2g)

Heat for 2hr at 370°C
Adjust acidity (36.8g)
to 0.10M with conc. HNOj3 1

Heat for 3hr at 1000°C
(27.6g)

Fig. 10 Operation flow diagram of the denitration process for the fuel
reprocessing waste prior to feed to the mixer settler
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1M DEHPA, 0.5M TBP

in n~paraffin iM NH,OH 0.1M HNOj4

200 ml/hr 50 ml/hr 100 ml/hr Org

¢ | ¢

1| 23|45 |6|7| 8|9 10;1213114(15 (16

' ) v 1
Sr,Cs Feed RE 5M HNOj

250 ml/hr 100 ml/hr

Fig. 11 Operating conditions for solvent extraction of rare earths
with the mixer settler

Bk OIEAER 12 250mé, hr & L IMDEHPA—~05MTBP —n /3 7 « vIER TH TLELE
AR Lz AEMII0 I MR TEESR L0 b, 5 MR THLSCHEAS Lo, Mtk
(ESTRAERIREEICE L b ZZ SB35 LOFEREBEALEEL S, REARE LUH
HE DR ORFIZE LA £ 2 2 I v & =B TRE Uc, BUAG 4 5 £ATEA L B Tl
AEEL, —BRELLDBI XY~k FIOR NV 7 OAEE KHEZRENICOOTER
AREL, BEEORES LUHEEC L TROEBEEEL 72,



JAERI-M 7208

3.4 FIBXTEOTIIIY = OBRR

MAEOFRTERELED T 77V a v OBEE» SEERE 0 1 MIBRERICT 270014
ERFROBEHE LI, y—7HOER - BRE7 7R ICHLIETRT 77 ¥ = Y EHEA
Ufctk, EHEEMBEROBA LEMKICEREMAL THE SRBO LCHARFRETERO LT
e BRI LB R U e — R BEROBRE IR EN S A TFAELAOSL, FRORE
BEAEE L7, '

35 EBAAVERHDILCKDZFETETEOSE

HIADHEE  Nal, N2 BLEUNS BT AT A A S ( Dowex 50, 50~100
mesh HR &) 22120 1000m £, 268meBLU55me RALLDE, N2 BLUN3 7
H5ACIZ0 F M STSNVAR A FA L THEMBE L 7o, 20T 8 0°CIKE Loy 7 &%
B XL EEHKER AT AREALTH 7 ANERFICHAUAEEKTERLIZOE, 47
LADOREZERH 6 5 CIC ER LI, K8 KEEKERE L Td A 7 6 IKKRBORENA S
NN CEEERE L. ZOBROEBEKETEH 7 LDBERTINTES5CL L,

FHHETEOSHE Nl 7 7L CEBERICESINIMREFACH0 4 MALETREEK 2 £
AE 660me/hr THEAL, #7245 FHIHMTRTHETLAOLEEKS LTHS L. £0
##11 2 20 005MDTPA (pH65 ) THIHMILELEHL, ST L, BHORMIC
HNo 1l BLTDN02 A7 L5 LTERL, $416ms hr OWETEEF 6 L2T NI, £0
HiINal, N2 BLUN3 #7 L2 ERL THIBLRABE#H L, COROFEERKS ImL/
hr & U7, M3 A 740 oMid ABKRIOGHEBTZ 77 Y= vaby 2 -HOERE
W15mé 2ER L7z, ZITETELBREDIN2 , N3 #5745 BHT2ANd BETOMNEL
ZzoEIZL D ARTEA L 7,

3.6 MEHbEAF

B CHISF R, SRR OLE S L OFR. MBIFR OB IETHE, St LCs, A
BEOHR 7T ay, TFF—2 b 7RE Y 7 OKM, AEE, BL0M 4 v RBSEED
BTFIY a v bEO—IREFR Lice JRR—2T1 44 7 (288hr ) 50022 045
RS L, AEREMEED riR 222 bva Ge (Li)BIENBTHAELTRZEE L.



JAERI-M 7206
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Table 2 Experimental data on the operation of the mixer

settler
Acidity(N) F%;Y/;§§e

Feed 0.100 - 251.7
1M NH,OH (0.966) 50.3
0.1M HNOg4 0.105 160.9
5M HNO4 5.16 102.7
Extractant 0.998 196.5
' 702.1
- 8r,Cs 0.123 391.6
RE 3.67 96.4
Org S 1.52 212.0
700.0

Mass flow
rate (meq/hr)

25.2
(48.6)
10.6
530
196

713.2
48.1

354

322

724

Number in parentheses indicate the hasicity

Table 3 Acidity of aqueous phase in each settler bank after
operating the mixer settler

Bank number
1

0 ~N WL B W N

Acidity
pH 1.00

1.
.00
.00
.00
.02
.03
.20

1

1
1
1
1
1

00

Bank number

9
10
11
12
13
14
15
16

Acidity
pH 1.04
T 1.05
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1
—_

Relative concentration
[an]
T

'Sm—org——-:.dn | \

!
1 2 3 45 6 78 9101112131415 16
Bank number

107

Fig. 12 Distribution of Ce and Sm between aquecus and organic phases
at each bank of the mixer settler
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Fig. 13 Elution of the rare earth elements from cation exchange column
with 0.05M DTPA i
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Fig. 14 Change of the length of resin bed absorbing Nd at the No.l,
No.2 and No.3 columns with volume of eluant poured onto the
No.l column
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DG OEMIZ 8180mLTHED S, CDHONId BREHOAEIZFig.1 445 TN 1 #7
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Table 4 Compositions of rare earth fractions obtained for estimated
waste from PNC and for simulated Waste and separation factors
. of DTPA complexes
Mole fraction

Element Waste from PNC Simulated waste Separation factor

La 0.116 - - 1.00
Ce 0.251 0.370 | 7.41
Pr 0.108 0.109 29,52
Nd 0.350 0.359 87.1
Pm ' 0.008 - ' 186.2
v 0.066 . 0.0676 260.7
Sm 0.069 0.0695 398.0
 Eu 0.015 - 589.0
Gd 0.008 0.0241 602.5
© Am 0.008 - 1202
Cm 0.002 - 1380

&%%@&@ﬁﬁﬁm&bﬁbnfwtca%%iamgﬁ@mr§<—ﬁbt¢§iao

Helfferich S L A3 BERABMPAUERERICAINZ L TFEINIFIEILES LUES
Wb =T ATTRIT DT, THRHOETable d ICRTHKOBEIGER L B EFig. 16 TR
THEMDORIL 152, BTV =0 ARELL TOAM,CmiIGd OERITHEHEEN, Pmi2Y
ENd O THEBEINLECEERLTNE, $KEROD LS Cresolution distauce 2% 132
THHEN3 H 5 AT THALLEAICHESM LY OFBER N TEAEND TEOWEORIER,
H5LADEEEEAUERL LIhbd 0o THBESENT 250 THE DY 5T HRE
Ll THWATZEAERL TS,

ﬁ%bﬁ%ﬂﬁfﬁéﬁmﬁbéﬁiiBk&UC@ﬁ%§imﬁme$?m&mwmgb
o VicroTEE N5,

(EB]/EC]%ijilog .
((B1/(C)h h ¢
2T ([(BYC)):: MR s #£ T 23451 ATOMEFT OB 8LUC OBEOHK
(i=1,2)
L:Als&U20MoES#H (cm)
BRE-ERYoboEX (cm)
al : FEB B LUC KON TONBEE  (cm)

DA D TEDOH MG A Table 4 5Ky, Fig. 13RTSmEGd £LTPY ENd DI
MR ORET IHAIEMNTT 5L 0L TROLAEBRRTOh OEREN TN 105cm B
LU &kmbEiEh, BEAE—FH L7, CCTNIHNFLEBRELTHEHIHELEMlcm B
BT AETABRRAORR, Fig.ld ON3I #7 4KBFENd BREVOBEHORK,S 127
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Fig. 15 Distance-time diagram of separation of the rare earths in

simulated waste when the initial uniform band is developed
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Fig. 16 Distance-time diagram of separation of the rare earth fraction
to be obtained from estimated waste from PNC
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Fig. 17 Theoretical elution curve of rare earth fraction
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