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Cold and Semi-Hot Tests of 4-Group Partitioning Process at NUCEF

Yasuji MORITA, Isoo YAMAGUCHI, Takeshi FUIIWARA,
Kenichi MIZOGUCHI* and Masumitsu KUBOTA**

Department of Materials Science
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(Received April 10, 2000)

The 4-Group Partitioning Process was tested in the Partitioning Test Facility installed in a hot cell at
NUCEF (Nuclear Fuel Cycle Safety Engineering Research Facility) using simulated high-level liquid waste
(HLLW) or the simulated HLLW added with a small amount of real HLLW and Tc. Behavior of each
element was examined in a series of the following separation steps: pretreatment for HLLW to prepare the
feed solution to extraction step, extraction with diisodecylphosphoric acid for the separation of
transuranium elements, precipitation by denitration and adsorption step with active carbon for the
separation of Tc and platinum group metals, and adsorption with inorganic ion exchangers for the
separation of Sr and Cs. It was confirmed that each element behaved as expected. More than 99.99 % of
Am were extracted with DIDPA and 99.92 % of Am were back-extracted with 4 M nitric acid. In the
precipitation step by denitration, ratio of Tc precipitated was 96.2%.

The present tests confirmed the expected performance of each equipment in the Partitioning Test
Facility for the separation of elements and gave useful data for the comparison of element behavior with a

result of a partitioning test using real HLLW.

Keywords : Partitioning, High-level Liquid Waste, Actinides, Diisodecylphosphoric Acid, Technetium,

Platinum Group Metals, Denitration, Extraction, Precipitation, Adsorption,
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Table 2.1 EHEEEROMAL & Fm L B OLFH

T BEM) FML-REDLFR
HNO- 2.0 HNO.
Na 0.076 NaNO-
Cr 0.0091 Cr(NOs)s-9H-0
Fe 0.038 Fe(NOs)a-9H:0
Ni 0.0060 Ni(NOs)2-6H-0
Rb 0.0074 RbNO:
Sr 0.0165 Sr(NO):
Y 0.0084 Y(NOs): FHELE®
Zr 0.069 ZrO(NQa)2-2H:0
Mo 0.069 (NH<)sM0702:-4H-0
Ru 0.034 RUNO(NO-): THE&S &
Rh 0.0080 Rh(NQ:): THER®
Pd 0.018 PA(NO.). THESIER
Te 0.0068 H.TeO:-2H.0
Cs 0.0371 CsNO:s
Ba 0.0207 Ba(NOs)-
La 0.0147 La(NO.). THEEA®
Ce 0.0330 Ce(NO:). HELAR
Pr 0.0137 Pr(NO.). THEEB&
Nd 0.0446 Nd(NOs)s FHERB &
Sm 0.0086 Sm(NO:). HEEAR
Eu 0.0019 Eu(NO:). WEELAR
Gd 0.0010 Gd(NO:): TEEEHR&
""" Ter 0.0028 NH,TcO,, NaTcO,

*Telz oW TRy RERICHE L TAM
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Table 2.2 #HTEHAERICH T HHGAREMH

Beie A—LFER kR
H,0,JE 0 H,0,% 0
HigE [HNO;] (M) 0.50 0.50 0.54
& (i) 97 94 78
N 2o50m [HNO3] (M) 0.50 0.50 0.50
? [H;0] (M) - 0.96 1.05
f; FsE (mih) 101 101 101
é;‘é Hh AR FRE (mifh) 391 387 386
S [HNO,] (M) 4.1 4.1 4.1
FE (mih) 105 102 95
1'\ HHEET—R | FE (mih) 301 293
A EE T [H,C,0,] (M) 0.81 0.82
# ¥ & (mih) 301 296
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RGBS A EENIORT L RO TR, LIRTE SEIORBRBIEDOE VL, 1)
AEORBRTITHMERELZBRIZBRE D 7 2 L T2 Z &, 2)5 R ORER TR L~
JVEEIRIZ oHT A BRI ERTLE TR SRR EE TH 1 » A ORRZRETWD Z &, 3
WE&UNRR D2 E(SE  TRBESS T MERIERTREOKME. U U ERIETFT TORME, L
FIORE : H T AMERRCRBE LR —BE THRMOIETH D, MEICOWTIE, FEDLE
T, 4E2.4X10%m/s, LARI2.1X10%*m/s & K& REILRV,

PAITE L. TEHERICEE SIS WS FI30% B IFE L7m & W O S EIORBRE RIZEET
HEHDT, BEREPELODERELIT-1-, TORE, BRSO IEAIRIC & 0 HEERE 2 0.5MFE
EETTFTB LB OA—F— TEERICEE SHUIZWVEEROPARAER L T 5 Z &30 )
oTry ZIUEPADOMAS RIS DEITCNC LD b D EHEIND, o, WEINDLFREL
W& S < VMEFERE E O TOEIITEBV, 272K & bPAERSER TR THY | [
— ORI IR — O BIRAEALT DR TR S, PRI £ MBI BB T kiC
FoT, 1ZEALOPARTEERITEE SNACFRICET Z ENTE R, o, EFELEIFE
5L, NO A AV BREOHMICER LT, PARKSROBE LA EHBEFRIET D &
bbhot, Bb, TRCHE L TRV, PACKET 24 RIORKR & LRTORBROMR
OBV, RBBEOENCEWD TAEIIMHERIFHZERE L TS I EBNELFRRTHD &
HETE D,

S%YL ELICRNBILETHA I N, EEREFEDOASKTESBE~OBHIE LN LI
LN THD, SEORE THTCORESHEZ SO TIIRET Lisn o 7283, BIOERDT, K&
X AT < VBT OPABTEET B AIKIZ B T b Tl ARTORE 19 & ERRITEHERIZRAE S h
AT LREERISNTEY . BHERESEITOBICEHTEATES, o T, HoBiyrEX
BT, Tck BAETELBMEBIEIC LV BT 52 & & L. EHEREE R TcOREINE
PEIC LT ASERGHS L XOMMT AL LTEMITAZENELATHDL EEXLOLND,

ﬁglﬁ&ﬁ%;ﬂﬂ&4MW?A&DT®%$W@$@%%TONKOWTﬁ‘MW§AT
W SN YDA T A THRESNTICEOEERB L, BRESNIRTTHD
HT0%DPAD 5 b, 141 T LA FEH L THDIX, T3T440 7 L TRE ST, Fig 31580,
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Fig. 3.1312 BV T » 720 & RRRIZ TeDREE HT#R & DB HGRhOWAERZ RO, 1407 L TR
EENEDEREZELBNWTYAD T ATOEERBMEEL -V OREERLREHLLLEZA
0.013mmol/g& 2o 7r, THUL, 148 T LA TORERD2ETHY . URTORBRIZIKT SR ER
0.019mmol/gD68% T 5, [RIERIZ, BAFIWAEIZE » TV Ay BV H LEER MG £ TORuD
WERA KD S &L0.12mmol/g s 2o 72, ThT1/AN T L TOREEO. 1 lmmol/giZitv A3, fafn L
ThHWZ EE2ZETHIE, RUCOWTHRhEFRRIZAAD T LOHPREBPRENT LIFHAL
W TH5D, RuUDBEEIRITBREFES BN & 2HEIILTEY, 2D LEOFRTH S &
Ex b5,

3.5 MR AL AR TR

a—L FRBRIZBT BATIEORBR CIE. BAELETREOAREL FTRMHEERR & LA UTENE
R E TERHEOTRMGIEE FNENINCAWEZ4L T MM L B RE, ROFEE OFREERD
BEEAE W44 T ML HAREOIEORE L L7, FRERRIZEBITDOINT L~DH
{ETR D TT TRV FE A Table 3912773, BUESRIK & PHILIR & DN S | TRIEE T3St R U'Bad
50%LL EBBREINTLESTWA Z ERb0nd, Zhid, BARIZENTT > 2 FREREICE
WTHMEI R L VIREOPHAINIETERF L TLEY, ZOBREZDEEABLIZZ LK
B, A¥ix, pHES~SIZHETHZ LILR-THY, TOBECBWTUISEIO L 528tk UBa
I A Z L3 ned,

B SIER T MSREZHRKE LTIAD T LAICEBR L REXROE R %, Fig3.17&
Fig. 3.18 % U'Fig. 3.19 £ Fig. 320l FNEF AT, EHOLDRERBRIZENTH, HHEEBTHET
B 5 Cs(R OREHEDORD) & SR VRIEDPBa) 3k F SN TVWD ZERRINTVDAH, T bDE
BITEV, SIOBESBVDIE, F4 VBOREEEROCERPBIERIZEOZDETLTNEH®
DL B, FEUBOSIRERENMENTOCREROEA T A FOREGLELTITE 525
F CsOMBLRF--EEZOND, AL, FEUVBEEALT A MNEEERITRESLE
2. LIBTOBSRE TRWFZ VB E AW -RB CTIIEER4ITRAE L TWEY, £, 1470
5 ATIRHED LFHIIC T T A —=XR35E0 6N T0A Z & bIBEEHIIEEL TV EE X
B, LABTC T RIS CRWFZ VB ESBIERUEA T A NEDREN T LIZLDH)
B BREEZ DV TOERCITIL, D& 5 2BE s FRITBA <7, SRR E TORKRE &
BRI LAY S 100% 0B £ TOBIKRE & MTEE L 2D L0 BB AH{G oA TVWS, 4H
ORER TR DYIRREE & B A REMN SRR 2 BT OF & VB E AV 7285,
ABITH TR R R ST B0, ERER L T BB TRWF ¥ U BEAVWD Z LR T
XARALINTACIREMRADZ EBMLETHD, 72, 2EOTMELEAETIZ, BT LK
FSTTRANWDZ L LRARDO—2 L R DML H D,

Table 3.10(21/4% 7 L& VI 2BOBRERRICBIT A RKRERLTT, RERBORHTI
WEShARWITEESE LTMoR L L, 2200RBROBRICKE2ET RV, BT A MEIK
K1.1~12meq/g DBERBEEFFOMN, SEIORBRFERITED0~80%ThHh-7, THBIIKL
Tid, BMEBEICITE > TRV, |’EFERE L L T0.Imeq/gfRE L IEFITEVER LNEOAZR
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Mmot, TAITA FEFHXUBORALEIT, IFERE LB OuHEMRE R HHGKRE Vv
LAY IRLC & 2RO RFig. 31105, WY Th-=EBEZLND,

FOMOMBITEICHE L TE, Fig 3180 OBMBK A HHEIK L LG E XAk TER DY
Crbh H HBRERE STV DT MBI SN, PIEREE V258 OPADREIZ OV T,
HARETOREMES EDRERDFONR N1,

1477 5 2z LB RERBRICE T 5 B OpHAIER £ 4 Fig. 3211277, BREMGE OfpH
. BT ARIZHEELTWEAKIZEZ DO THS, HEERA/KRIET 2L 910D EpHIT TR |
BB I IpHSTEEE L e o 7,

PED2oDORERBROBHBEZEA LK., TNE44H T H2ITEEKT 5K TIE, NI0LD
W% SR UBad i Ml FIREIL, AR PIREDOI%UT THL LW ORERTH -7z, Hlb,
BEYARER1000LL LB BN, ZDX T, 4440 T7 LATORBRTIE, /4407 ATORR L L
L TSHI DWW T L WIRE SBEERES S D=3, ZIUTHHSIR DS, 140 T DO & |
TEBEMEL . pHB82E BN -T2 (147 T LFRERTIZ6.6 R V6N LD, CsiZDOWTIL,
CsORHESIITIBNTCSHIEFIBENVBE THIIZ 0P DO O I NaPERE THEFEL THD A
WZOWTCEIE LR -T2 DT, BT — NG oNnRd o7, NadCsORNEAT 2 EHET S,
Ak OCsEIZ, 114D LDORRTEON-EAT A MM EEY -V OWE & (Table 3.10)
MERDEMEH T LARETOREREEDO~0% TH-7=DT, +HREINEZEILND,

T Idy FREICBWTIX. V4D T LEHAHT L EFBEINZORE, FHELEBEIENSDA
WA BHETR & L TRAPNICE O TEBA A BRI L oWERBREZ £ L7z, Fig. 3.2212, 1/4
BT AOHONLER LY A0S L 0 FEONECsR TR ZRT, MHNhD
BRICE O OMRREICIEL DX NKRE Y HERITTe). 100%EEICE D K 5 R li#R23 1% o2 d
SN, BEINRZNWTCDE DOEEMPOCsHREINTNWD ZEITHMETH D, 1407 LIZB
I BCsOEERIZHOWVTIE, 22—/ FREBOERIZOWTUTo 72 2 >OBB#BR TH N 550
OEEIZ L ABEHFEEZRAVWD Z LB TERN-EOT, SEEERFEE L TTck UCsD50%H
BEBOBRENORD, FOME, 4T A MEAMEREY Y TO.7mmol/gd WV S EARF S
ni-, ZOfa—L FRRTELAAHEERSETHD, BB, Idy MRRTIE, ML
TERIZBWV TEERENMb > TWA D, B 7 AMEGK TOCSEREIXSAmM(= — /v KRR T
DREDRIZE) & &V,

4405 AHOCTER LY o I 58 LIEREER, CSlZ oW TKRWDBEE T—E L7 DH LW
HEsEAAVEE X, DORKIIT. SRR BREICERME IR LT D & @33
ARBREELTWEEHEEZOND, DOTHT LABRBIZZO L) RAEENRR S hHHE
LEZERHEN, ZORMERTHTRPoEEEAL ), HRETOECSEIT. 42mmol TH
0. PAITA MEREFRImmollgs L= & EDAN T KA 7 b mGbERAT LEKTO
IR R BIT53mmolCs TH D DT, FDHII80%TH Y, 2— /L FRERTOLLERAFETH D,
A RARBOEELEZEZ LNABRIT LV $2%F THB L7228, R EDOFRHECsHERE DO
IMIERSRT. Csidddan T MW THAREINETRESNZEZEZILND,
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LLEORBMNOHLMNE RS S BRATREBELET DI LROL RS, BT, ATl
BI04 FRERECE T HCsOILRF)BRROMB & £ OXRIZ OV TR LTl
BV, BT, Te-HARHETESBED - D ORMILE TRICBWTIHILT 2 SIOBIRREE
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Table 3.1 I—/LRHARATLBRENODORBRICETEITROER
— BB RE R —

TR Ber U UEFMER  BREER

Mo 4.5 4.2 2.2
Zr 49.0 0.4 .4
Te 18.9 70.7 56.7
Ru 100. 4 97.4 93.2
Rh 105. 1 104. 8 103.5
Pd 101.4 101.8 115.7
Sr 97.8 95.4 93.8
Ba 95.3 96.6 97.4
Fe 98. 4 95.7 78.2
Ni 102. 5 101.9 102.7
Cr 106. 8 108. 8 109. 1
Y 97.8 96.7 96.9
La 98. 6 97.6 99.1
Ce 100. 4 101.5 100. 6
Pr 100. 3 100. 6 101. 4
Nd 99.7 100. 2 100. 2
Sm 100.9 101.2 100.9
Eu 100.0 100.0 98.7
Gd 102. 3 102. 2 102. 2
Na 107.8 110. 4 141.9
Rb 97.8 93.2 90.2
Cs 95.8 93.3 85.9
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Table 3.2 O—/LRGAERAILIEIRIFQDBRERICHE T HTTRDES

— B R TRE R —

_ v mpsme TOFBE
IV 3 mEgk REASBEK B
Mo 95 8.3 36.2
Zr 40.7 40.5 1.7
Te 84.0 78.6 5.6
Ru 107.7 106.3 58.7
Rh 105.8 106.3 106.4
Pd 1205 1275 128.3
Sr 1024 100.9 100.4
Ba 107.6 107.8 109.0
Fe 1015 100.5 91.7
Cr 119.9 119.9 118.9
Ni 110.7 1104 1094
La 100.2 100.6 100.1
Ce 100.1 99.6 99.7
Pr 99.8 99.0 98.0
Nd 99.3 99.7 101.8
Sm 100.2 100.7 101.0
Eu 100.5 1004 99.5
Gd 95.5 954 91.1
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Table 3.3 I—/LRREBRME TEREI1IF Y —EbS5—(IBTEETII2a0~ORRBITE%)

— BB KT R MBR—
TR  TI1%—hk AMFHEL HHE @ <RNATUR
Wi &

Y <0.002 5.6 94.4 164
La <0.06 >99.93 <0.01 110
Ce <0.02 97.9 2.1 115
Pr <0.02 >99.85 <0.13 111
Nd <0.01 98.7 1.3 110
Sm <0.008 96.5 35 114
Eu <0.006 96.3 3.7 116
Gd <0.04 97.5 2.5 117
Fe 4.6 0.5 94.9 143
Ni 99.3 0.7 <0.14 119
Cr 99.85 0.15 <0.009 116
Zr <0.4 3 97 1450
Mo 95.9 4.1 <0.5 131
Te 88.4 11.6 <0.6 126
Ru 98.7 0.2 1.1 121
Rh 99.1 0.9 <0.01 115
Pd 98.2 0.8 1.0 117
Sr 99.98 0.02 <0.001 113
Ba 99.99 0.01 <0.001 116
Na 99.4 0.6 <0.2 80
Rb >09.96 <0.03 <0.01 125
Cs >99.91 <0.07 <0.02 129
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Table 3.4 22— LFREBHEIEFEI1ISTY—EbS—IIHEITEE I3V ~ORERBITE%)

BB RE SRR —
TR Soar—b R e 220502
e
Y <0.0015 6.2 93.8 119
La <0.02 99.97 <0.01 109
Ce <0.004 95.7 4.3 107
Pr <0.1 99.14 0.76 106
Nd <0.0005 98.85 1.15 106
Sm <0.01 97.1 29 110
Eu <0.02 96.4 3.6 111
Gd <0.05 98.2 1.8 105
Fe 8.1 0.6 91.3 128
Ni 99.45 0.55 <0.15 113
Cr 99.83 0.17 <0.01 112
Zr <0.8 4 96 1200
Mo 3.0 3.6 93.4 136
Te 91.2 8.8 <0.7 123
Ru 99.65 0.27 0.08 113
Rh 99.97 0.03 <0.01 111
Pd 98.9 0.7 04 110
Sr 99.98 0.02 <0.0006 110
Ba 99.98 0.02 <0.0004 113
Na 96.4 3.6 <0.12 61
Rb >99.96 <0.03 <0.01 124
Cs 99.90 <0.07 <0.03 123
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Table 35 +tIhyhREBRE TEE1IFY—Er—IZBH38T59L a0 ~DHBBITE®%)

—BEEKFRFMHR—
_ _ AMTHRER om
Tk TIar—b T HEE  TRNATUR
2Am <0.009 99.92 0.08 99.8
By <0.04 95.0 50 104.5
®Tc >09.99 <0.002 <0.008 98.7
¥Cs >99.99 0.005 <0.002 110.8

Table 3.6 O—/LRRERHH TIRE2IHH —trS—ITBIFDETFV LAV TRBITE%)

aroEs
TFE . 4 TRINSUA
4 TR d
Y 0.52 99.48 63
Fe 99.79 0.21 61
Zr 80 20 167
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Table 3.7 A—LRHEREMRRE TEASLADHRBEBEOTRRE

TR BOBSERAS—NEMM) EERBREBREERWM L. (%)
Na 76 20.1 26.5
Cr 9.1 214 23.5
Fe 38 0.31 0.83
Ni 6.0 1.36 22.6
Rb 7.4 1.71 23.0
Sr 16.5 3.6 21.9
Mo 69 0.065 0.09
Ru 34 6.9 20.4
Rh 8.0 1.97 24.7
Pd 18 45 25.1
Te 6.8 0.79 11.6
Cs 37.1 7.4 20.0
Ba 20.7 4.7 22.7

Table 3.8 O—/LFHEREERIRIELIE1AASLIZBITATERES

REE

LRTORARVIZEITS

THR Lt
(mmol) (mmol/g) IR & &(mmol/g)
Mo 0.11 0.0046 - -
Ru 2.5 0.1 0.262 0.41
Rh 0.12 0.0052 0.019 0.27
Pd 3.9 0.17 0.269 0.62




JAERI-Research 2000-024

Table 3.9 I—/LFREBEEA A TBREARBEIEBHNTILAOBRBBROTHRRE

HOBSE hS LR
TR RY—ME O pNER LR hR%EK HE 4/4H5L 0 R
(mM) (mM) (%) (mM) (%) HEEOM) (%)

Na 76 15.1 19.9 388 510 190 250

Cr 9.1 0.023 0.26 0.032 0.35 0.017 0.19
Fe 38 0.060 0.16 0.041 0.11 0.024 0.063
Ni 6.0 0.480 7.99 0.036 0.60 0.172 2.87
Rb 7.4 1.19 16.0 1.01 13.7 0.839 1.3
Sr 16.5 1.93 11.7 0.434 2.63 0.775 470
Mo 69 0.314 0.46 0.195 0.28 0.236 0.34
Ru 34 0.341 1.00 0.516 1.52 0.318 0.94
Rh 8.0 0.106 1.33 0.117 1.46 0.083 1.03
Pd 18 0.487 2.70 0.0277 0.15 0.176 0.98
Te 6.8 0 0 0.0011 0017  0.033 0.48
Cs 371 5.30 14.3 5.44 14.7 3.71 10.0
Ba 20.7 1.79 8.65 0.780 3.77 0.449 2.17
K 0 0.0527 - 0.663 - 30.9 -

JGa O PSS, T 0265 7. .
pH 6.6 6.9 8.2
« BAMRERRI—NRICBITATREEICHTATATNONSLARBRICS TITRBEDLLE
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Table 3.10 I—/LFREBEB A4 XHRERETLE1ANSLICBTOIARBER

e % ETAFANMIRH T HRER FRUBICHT IRER

(mmol/g) (meq/g) (mmol/g) (meq/g)
Bl k& Cs 0.60 0.60
Rb 0.064 0.064
Sr 0.014 0.028
Ba 0.034* 0.069*
N 00020 | 0.0040
& 0.66 0.66 0.050* 0.101*
PHR& Cs 0.74 0.74
Rb 0.064 0.064
Sr 0.010* 0.021*
_____ Ba ... 0082 00637
i 0.81 0.81 0.042* 0.084*

* RAEIFEMITELTLMVELY,
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