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Development of Partitioning Method : Confirmation of Behavior of Technetium
in 4-Group Partitioning Process by a Small Scale Experiment

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

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 23, 1998)

The separation behavior of Tc in the whole of 4-Group Partitioning Process was examined by a flask-
scale experiment using simulated high-level liquid waste containing a macro amount of Tc, in order to
confirm the reproducibility of the results obtained in previous studies on the Tc behavior at each step of the
process. The 4-Group Partitioning Process consists of pre-treatment step, extraction step with
diisodecylphosphoric acid (DIDPA), adsorption step with active carbon or precipitation step by denitration
for the separation of Tc and platinum group metals (PGM), and adsorption step with inorganic ion
exchangers. The present study deals with the behavior of Tc and other elements at all the above steps and
additional step for Tc dissolution from the precipitate formed by the denitration.

At the pre-treatment step, the ratio of Tc precipitated was very low (about 0.2%) at both operations of
heating-denitration and colloid removal. Tc was not extracted with DIDPA and was contained
quantitatively in the raffinate from the extraction step. Batch adsorption with active carbon directly from
the raffinate showed that distribution coefficient of T¢ was more than 100ml/g, which is high enough for
the separation. It also revealed much effect of coexisting Mo on the Tc adsorption. At the precipitation step
by denitration, 98.2% of Tc were precipitated. At the Tc dissolution from the precipitate with H,0,, 84.2%
of Tc were selectively dissolved in a single operation. Tc was not adsorbed with inorganic ion exchangers.

From these results, composition of Tc product (as a dissolved solution with H,0,) from the
partitioning process was estimated. The weight ratio of Tc in the Tc product can be increased to about 50%
at least. Main contaminating elements are Cr, Ni, Sr, Ba, Mo and Pd. Process optimization to decrease their

contamination should be performed in a next study.

Keywords : Partitioning, Technetium, Platinum Group Metals, Simulated High-level Liquid Waste,

Denitration, Extraction, Precipitation, Adsorption,

* Ishikawajima-Harima Heavy Industries Co., Ltd.
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Table 2.1 HEEEOHER & Fm L -REDLFR

VIt 3 REM) FmMU-EREDLFR
HNOs 2.0 HNOs
Na 0.076 NaNOs
Cr 0.0091 Cr(NOs)s-9H-0
Fe 0.038 Fe(NOa)s* 9H-0
Ni 0.0060 Ni(NQs)2-6H-0
Rb 0.0074 RbNO:
Sr 0.0165 Sr(NOs).
Y 0.0084 Y(NO:)s EELER
Zr 0.069 ZrO(NQs)2+2H:0
Mo 0.069 (NH.)eM07024-4H:0
Ru 0.034 RuNO(NO:). TEELE®
Rh 0.0080 Rh(NO.). FHEEE®
Pd 0.018 Pd(NO.). THESE &
Te 0.0068 H.TeO.-2H:0
Cs 0.0371 CsNOs
Ba 0.0207 Ba(NOs).
La 0.0147 La(NO.). hESRH&
Ce 0.0330 Ce(NOs): THEEIA®
Pr 0.0137 Pr(NO.). FHELISE &
Nd 0.0446 Nd(NO): FHES &
Sm 0.0086 Sm(NO:). THEEARE
Eu 0.0019 Eu(NO:): THEEBH
Gd 0.0010 Gd(NOs)s FHEEER
Tc 0.015 NH,TcO,, NaTcO,
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EEFTRTOTNT 7 4 F— MPICRBEN, ZO/BENS, 4B L2EDORS Z7 &
THBER—ETH o2 EARE L TRD - TeDSYELEIF0.013 Th > 72, NEHLARZOL D IZE
FAUE, ERERHEEREIC BT A TcOMMEIT S HITIES 2D,

TeLIA DT D ENE HCid, DIDPAIREET DO TRBE ZHE LR o Teleth, 7 4 — NK(AT
MEBENC T AT T4 X — FHDOEREDOLELE LTI 74 R — F~OBITREZRDT,
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Table 331253 & 912, FeR U HETEOHBREID EVEL R o7, Thid, FRIECE
FAMIEE RS TORAESDOEEICEET LD TH D, FIXE, AKAY 7 T HRITHHET~
ABN, ARETIIZOEEFT 74 F— F~RA L, AL, BONHMHREOLOICRS X
D EBEA RV, Rl TR T ot B8 Tl AR TR S L2 1 uiEe 72V, NUCEFIZ
BT AR AR TIL, AhHER7E OB RE CNdORI R & L T99.99%LL EAMG A T
D,

MIBTETEET 7 4 X — FOMBERER, T, =/ FRBRE BIZ0S2MTH -7, =
DT 7 4 F— FEFOE EIEEREE TR OB EE TRORBRICAV T,

3.3 JEMERWE LR

Table 3. 47 IEMERIC & B 2B O ERIEIC 31T D ThtROREER L HREKOKEREZRT, Tc
OAEUEE S LTI, HAaRE O 100mlgl EBB SN, 1E B OBEREIZIIT HED A
2[E B DF AT~y LN E Do T, TR, Tek VBB SN TVIMoDHTFORBIZL D
LOEEZ BN, LAETOEMEREECHET 2RO TIE. MoDIFEREE L TWRD 7248,
au 4 FBRETEOBMC L Y MoDITEITBET bR o tz, EWREE TRROBSH T v
T AEAT A7 61T, MoDEELEE L LT ut A0 R OEE T EOREL 21T 9 0,
TEME IR ORTICMo % SBERR LT 2 Z L 2 & 2 RTiEle b, (L. b LDIDPARHH T
TH,0,% AV 7213 1uid, MoldDIDPAIC Rt &4, B - BrESND, ) LvL, B R T,
BERSIEER R D 5 A TeDEIULED S TRRE D b DO ASETR O+ R OHMARRITA S 2 &
MDHBILTVS LEFF S, e Ers7atArs L, EHRREEEETCEINEZ @D D L8
RodEEXDEDONY I T v T LTEBMITBZERRYTHAS LDEXLH D,

PAIZHOWVWTH. 1EIBIC LS BFE S, 2EBICITEE A ERF IRV LWV I FERDBF LN,
SHE. PR E B 2EEOLERTHEEL, 02 bOEEN, THE TORETIIBE
S ho T EERICRESNRVWVETHD Z EanT, TOROTFREIBRES T, ZOX 5721
29 DPAIL RSB IR AE 730.5M & W o R WBIRICB W TR A IR END 2 BbhoTe, ZH1
. PADIA SRS DTN LB B0 LHEESND P, SHICHELVRMBSLETH D,

3.4 JRAEICER T2

TeRBR T BT, BLASIEE TR OPGMEER %R OpHIZ8.8 & 78V | TeDILEH & L TI8.2%7%
%BHKOvﬁm%@hﬂﬁbf%ﬁ%&ﬂi@%%%%kLT%%T%ézkﬁﬁﬁén\$
WEOEELBHO—ONER INE, 3 —/L FRERICB W TIEPGME &R OpHIZT.5 & 78 -
7. ERILEOLBER % Table 3500777, RuDLBERITORED 7228, RARVOPADOILERL L
CTIIFE+ S RIENE SN, Table 3.5OHMICTR Lz & 912, RRBRIZIEATERES DT 5
K@D 7 FREITIER UM TPGMILIE 21T - 2 XBO) DR TIX, Ebizm\VAEER
TEOLBENFELN TV D,

WOTETESIHELEETHD, AP TII34%, pHA.1 & B - 72 3CHRO)DFE R TiLT3%
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PAEIE LTS, SIOERIIBREIROpHA LR BIEEEL 2D Z L3> T DA, B
BEOPpHE Y ha— AT 5 Z L REETH D, o T, HHBKICHMEEZMA., ASKTR
R OTH M L2 VR CpHE T, SIORZEHT 5 &) FEEARET I L NER LS
bbb, ZHIESHDOBETHD,

3.5 TRHIERE

LIRTOBFROT, PCMELRS T4 U bR GH,0,IC K O Te A BRMICIEH TE D Z L 2 RHL
- T OEORFBEIT, KB g7 Y FI6MOH,0,% 30miiN X ALiE(H,0,8510.18mol), TcDIFHHE
B YONRREEIZ TE D LN B DO Tho7, E/. Table 2.11IR LR OB L~V BERAI6.6mI T
IgDICBBERT 5 2 & b LT Lz, 1EOREEERETOTHHFRITE R TH80%ERE TH
TN, 0GR LISHEBEA A D 2 L TREDTHRHELZED DL Z LB TE D,

ARFZ T O HRIETIL, Table 2.1 D& L~ULBEHK14ml5y 2> b4 U 72 PGMER UL (K92.1g & &t
BaANBNE L. 11.TMOH,0, 35ml (H,0,80.41mol) #MZ TNBHA, Ziid LEROTcOWEHIE
& LT80%AN 5 B A H,0,/ LB D&M 207 L T D, EES DT HEIL84.6% T H
o717y HyOulk, v 7 B BOTlZR L THIEEICARRETH D Z LR SN, Table3.617,
a2l FRB LS D CTIAHRROBEREL T T, HO, LABEHICRWTARKTREOERITOT
INTdH Y . HOIEHOTUZ 3 2 BFMEIIA L1 TH D, Ni. CrkUSrd HHEREH,0C &L V) #
HLUTWAR, ZIUIEBIROpHICKET 5 b D EE X b b, H0EHEDOpHIE, TcalBR T5.5,
a— L FREBT49E MIE SN THY . PGMBREZIROpHIZEAMED - 72D T, Zh b D3THRIL
wHT B FRE D,

KDOT L E=T TN VHIZEBT BH0,C L D EHTIE, TeEHE s UTHIRF L2 L 9 el s
BN MoT-, Table 3.6127% L7~ NH,OH-H, 0,8 H COBEHEIL, ATOH,0,&E & 2B+
(258 % TR BIC T ANH,0H-H,0, CIEH L= BOTH S, ILEPOTEREDT, HHBEFIZR
HENFBERTDZLICLoTROTWA D, BEAT v 7HHA DI EREN RS RD
S LT EE LRI IER BV, NHOH-H0,EHIZHE VT, TeOWEHEITI0%TH Y . Crzfk
X OTEITIEE A PTEH LA hr o 72, CrostEH L= ERIZFH T H %, NH,OH-H,0,# Hik OpH
i, TeRBR, a2—/L FRBRE HIZ9STh- 7,

B 1% DAMBSERIC X B INEERRRIEIY, B 2 REMTHZ L AABLTER LY, B&
RILHEL AR L= OB Th o1, WREEEICHEET 5 RO BEAZHORESLET
HD,

Table 3.6NE bLAEDH T LR LI EBERERIL. LB OEHRIEDE IR ILEIC X
%t EEOE IR ERIIC B P OBICHT A HTH D, BB LD ICZORBEDOREIIRE
W, L L, TeDIEE A ETRTREH LD L, BEETRORESURE L L TE- 2
WH D EIREZ LD, Fig 3.1, JORBRBRERLED. SEMKTOTEROEHAIOLET
DEIZRT A, BHERHRESEICRT DO ETRT,

ASEOERTIE., HO,C L 580 LEHORRIZ, TORMEIALATHD L LTERL
o=, MO TEOEECEBRE /0t AOMILOE CAERFBLETHD, #VIEL
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WHO7 o ABFCBWTEHEERZRDO—2EF, BVRTIZEIRIOBELT D OTcHENRT
MoTLBZETHDHY,

3.6 R AL ZHBRERETRE

WA AR E TRRORBR TiL, TOREENDZRBERKE VR, TcDpEREE L
T¥ATA h—F % UERIREEICX Loml/gDER G b7z, Told A A4 o ZHEITITRE X
NV RHRTX S, B, MEEEEOBEROpHIZ, TciRBRT8.6, =—/L FRERTI2TH -
7

3.7 TSR AILHE

BESBORERESONDITHRBEETcE LTOMERRDI BN EREELY, £IT, 4%
O ROFME MBI, AR THELONZTCONBEERVICEOFE LS L I 4HHEO B 0
2B AT RO A B L THE, I I TOTHRRHIIPGMBLREIZ X 2 tLE ) 6 DH,0,
C L AEHIRE LTz, TeDILBE~OBITRIIAMEOER % H LI LB ITPGMBLIHIZI T 5
L E1398.2%), B O DIEHRIIB VR LIBEHIZ L VBRETEOHOND & L, BEDTe
ESRI195.8% & EHE & B, MOTROEE L ERNICAMRORE RN GHEE L2, T
I OWTIE R RBR O RO % AV H0,iC £ 540 I LIEH TOTLAA D IR OB,
ABRCELNE IEOEHBEC LABRHETIERE SIS & LTERDE, Ni. Cr. S50t
EOBHITEROPHIZIEE T 2IRME CTREIND LEZONDIDOT, ZHITBKFHETH S,
FIT BRI X DI, YR LFHICBT A EROEHOERITISEDOBRETH D, AWETIE
HBLERSTWRWT Z7F /) 4 FiZDIDPAHIHE TR CEIR &N 5 D TTR&IZITIZ LA LIRAL
720N

PLED L5284 L LICHE LEER, TR OHEMER%)IIFig 320X 5122~ 7, HI
B B LUVEERHLLW) T T23wWt%I2 T T2 W Te 2 Tel G THISOM%BIZE TR b s T &
PRENT, LovL, Zhid, BELENEZTa b RIL R b0 TiER, HETTRHIZE
ATAREOREHELBEZAD-HOOLOTHD, ERIBATLKZILCH, Ni. Sr, Ba, Mo TUPIT
Hb, 0 HCr, Ni. StERUBall DWW Tit. PCMBLASILE OB H1ED TRIZ X 0 Tols
VEDRTIZICEE L 0 PV HE D ATREMEA &V, BB DiEMod . HOW > THIOREKETE LY
EHLRTWPAD2TETHH D, PHITEERICBEIND LWV R THTUH U T 5, L
L. b LIEMREEEATCEAOBRICERT2 L LTHREROBBNICH HBESHTE &
5, D EHPATONTIZ I OGN ARERZ EBXTTIIH LN ER>TNDHM, LIED X
HRRERE L LI TeCOBERFERIZOWTOHENLEEND,
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Table 3.1 HILEIROME- BRIEREICHITITROFER

3 2593 ~DRE %) IRINSUR (%)
hngs- B RH & LR

Te 99.77 0.23 100.4
Mo 3.5 96.5 99.2
Zr 46.3 53.7 92.0
Te 77.3 227 88.5
Fe 96.4 3.6 925
Ru 98.0 2.0 952
Rh >99.8 <0.2 99.3
Pd 99.8 0.2 97.9
Sr >99.95 <0.05 93.9
Y >99.98 <0.02 97.8

La-Gd >99.98 <0.02 94 - 99
Na 99.5 0.5 93.2
Cs >99 <1 92.6

Table 3.2 RMLEIREOIOARKREREICETITROER)

. IIIVIADBE B oz 5502 @
JAAFRERE AR

Tc 99.79 0.21 97.7
Mo 39.1 60.9 98.6
Zr 1.7 98.3 97.9
Te 7.7 92.3 100.0
Fe 88.7 11.3 98.6
Ru 375 62.5 96.3
Rh 96.7 3.3 100.0
Pd 98.5 1.5 97.8
Sr 99.88 0.12 99.1
Y >99.98 <0.02 97.8

La-Gd >99.98 <0.02 96 - 99
Na 98.3 1.7 105.2
Cs 98.1 1.9 97.8
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Table 3.3 HHIIBICHEITHATRDOFE)

P 2549330 ~DHE %) 2ZNTUR %)
574 —b DIDPA& Y
Te 99.93 . 0.07 100.8
Fe 53 94.7 -
Y 0.05 99.95 -
La 8.2 91.8 -
Nd 3.6 96.7 -
Gd 1.6 98.4 -

Table 3.4 FHRBEILIRICHTEITEROEE

THR 1[E1§ 2[EH
WEE%N DEFREM/) REEG%) HERERM/)

Tc 73.9 113 84.2 213

Mo 79.5 155 80.0 160

Ru 473 36 36.0 23

Rh 6.6 2.8 8.3 3.6

Pd 64.1 71 36 15

Sr 3.8 16 0.5 0.2
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Table 3.5 BRI IRICHITAITEOER

Tk LR (%)
AHR XHR(9)

Te 98.2* -

Ni 64.2 96.9
Cr 99.6 97.7
Ru 51.7 88.6
Rh 99.0 99.1
Pd 86.7 99.8
Sr 34.0 73.0
Cs 0.12 4.1
pH 7.5 9.1

* : TcIRER TOPGMARTE R R DpHIL8.8

Table 3.6 TcBEHIREICHEITATROES

=% BRECLOBHE®Y) SEIDBHIRERD
H,0, NH,OH-H,O,  4M HNO, EREBE®%)
Tc 84.6 30.8 65.2 3.7
Ni 52.3 <0.1 76.1 11.4
Cr 11.1 48.3 71.0 13.3
Ru <0.1 <0.1 26.3 73.7
Rh 0.4 3.8 12.4 84.0
Pd 11.3 <0.1 312 61.0
Sr 29.5 <0.1 12.6 61.7
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|MH2027%f% MNH4OH-H20278f% D4AMMMESERE DILRER

20% 40% 60% 80% 100%

Fig. 3.1 PGMBEEEHLRA L DB HREIZETIBETRDSE

Fig. 3.2 TR BDHEEMEM(EE%)
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4. & W™

TS5RAARF—ALTOERIZELY, AR/ ot 20K TEL B L TTcOEBZILET
HRBAEEM LR, TIZhETOETRMEL 2R L LEFRTHLONLBERIC KL
R A L DI ENHERINT, FEMZbhan S FRRETBIZEBW TS TeDI L RITER
TEDE LB L BbhoTz, TIRUASKTRIMD =D OBRMIEE TRV T, v 7
O BOTzgt LT B EIT982%E o7, HyO,Z LAWY H DOTCEH T, 1EOEH#
VETRA6%DIRHENRB LN, FL—H—BOTUAC L2 EBRBERFHERTEX &, ZOKMILE—
HOEH &0 D TesyBEE TIX, TeDBEIREE L THSREBENGLND Z LB3HE SN, AFik
& DSBS N TG OMER LD AT, RBROESHIEORFNE OB HBREOBBE L &4
BEThHB,

o

Tl b DISAR, TEMEREEF BT D TREDF A RRME L VIRV, WHEAFERRER
HOMMAZEOILE DRICEHRVELET,
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EERBEA R S &L BEXR

¥®?2 SItptRHshzBA *x5 SIHEIE

®1 SIEABAE XL
i & W i 5 & i 5 fE% HEHRE i 5
: A A = o m %, ¥, B | min, h, d 10 = 7y E
g ®Ri{+o0735 . kg B, %, B -, ", 1y~ % P
B 5] # s ) o b |l L 102 7 7 T
Lo w|7 v 7 A b Vit 10° | ¥ bl G
MOFEE |7 v o€ v K BFENL | eV 100 2 M
nH R v mol BEREG | ol I B
#* El|ln v 7 3 cd 102 ~ 7 ¢ h
——————— ST o T T oI - 0|5 7 da
T m /|3 vT v rad 1eV=1.60218x107'°J
J & m|rFsITY sr 1 u=1.66054x 10" kg U d
10| « v F c
10°° | 3 Y m
®3 BHOLHE 6 SHATHE 0o | ~420| 4
x4 SIEHYERIC .
10°° | + / n
® 5w |es|B2YEL N5 Rl O I B
5 # #®l~ » v|Hz| s % W £ = 107 7= bk f
B =a2—t+¥| N m-kg/s? AV RO — o4 A 107*) 7 r a
E A . & HhHlex # | Pa| N/m? < - v b )
TiAE- HHE BBV 2 - | J | Nm s =  wl| par GE)
T®, W H|7 » | W] Js 7 vl Gal L &1-—5 TEBBER] B5 W 28
ELam, M7 —w v C A-s * a2 ) - Ci ER&F 1985 FFITICK 5, 72720, 1eV
&qfr, BFE, £&H | £ v b| V W/A [ N R BLU 1 udfiiid CODATA O 1986 LEHEXE
% & B #®|7 r 5 F| F Cc/V 5 IS rad BiCE -7,
' S & W - 4] Q V/A v L rem .
B IS T N 2. RAWCBEBE, /79, T—-w, ~7%
B d|lw = — | Wb!| Vs L A=0.1nm=10"""m —HBINTVEHEFEORLLOTE
B ® #% K| % 3| T | Wbh/m’ 1 b=100 fm?=10~2* m? ZTIHBL IS
N N - = - a
4 v 77 5y AN Y U] H | Wb/A | bar=0.1 MPa=10*Pa 3. barid, JISTRAEKDEHEROTIE
ety ABE |trvvoxE] C | Gal=1 em/s?=10-2m/s ARV ZR2DHF ) —IKHEIhTY
S #wlw — 4 v| Im cd-sr al=lcm/s = m/s P
2 1Ci=3.7x10'"Bq °
® Eiv 7 A ko lm/m ' . 4 ECHMUEHAIS4 T bar, barnkk
m 8t |~ 2 L | B s} 1 R=2.58x10"‘C/kg . .
2 qa > U TMEDHEL | mmHg 2%2DhF 37
w X § R/ v 4| Gy | Jke I rad=1cGy=10"Gy —IKARTVB
B OB Y4 By -~ Sy J/kg 1 rem=1cSv=10"%Sy °
#® B &=
71| N(=10*dyn) kgf 1bf £ | MPa(=10 bar) kgf/cm’ atm mmHg(Torr){ 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 Al 00980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m*)=10P(£7 X) (g/(cm-s)) 1.33322 x 10™* | 1.35951 x 107 | 1.31579 x 10~° 1 1.93368 x 107*
EHEE 1m¥/s=10'St(x b — 27 ) (cm?¥/s) 6.89476 x 107* | 7.03070 x 1072 | 6.80460 x 10"* 51.7149 1
x| J(=10"erg) kgfem kW-+h cal Gt&H) Btu ft - Ibf eV 1 cal = 4.18605 J (it &i:)
S
;; 1 0.101972 | 2.77778 x 107" 0.238889 | 9.47813 x 10™* 0.737562 | 6.24150 x 10® =4.184J (ML)
1 9.80665 1 2.72407 x 107 2.34270 9.29487x 10°° 7.23301 6.12082 % 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10 =4.1868 J (HMA AL #)
. 4.18605 0.426858 | 1.16279 x 107° 1 3.96759 x 10°° 3.08747 261272x 10" jt#E | pS (ILEM)
® 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 107! =175 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323800 | 1.28506 x 10°° 1 8.46233x 10'® — 735.499 W
1.60218 x 107'* | 1.63377 x 10°%°| 4.45050 x 1072%| 3.82743 x 102" | 1.51857 x 10-2?| 1.18171 x 107" 1
ivd Bq Ci % Gy rad ;g C/kg R g Sv rem
ol 1 2.70270 x 107! ) 1 100 8 1 3876 g 1 100
fit & & &7’
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1

(86 £F 12 A 26 HR7ZE)
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