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Development of Partitioning Method:

A Method of Recovering Technetium-Part 1

Isoo YAMAGUCHI and Masumitsu KUBOTA
Department of Environmental Safety Research
Tokai Research Establishment,

Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received February 5, 1987)

A partitioning method has been developed under concepts of separating
radioactive nuclides from.a high-level liquid waste (HLW) according to
their half-lives and radiocactive toxicity, and of disposing the waste
safely. Chemical behavior of °?Tc in the partitioning process, which has
been developed already in our laboratory, and a chemical method recovering
it from HLW were studied with a synthetic HLW containing 35MTe because
%9Tc was estimated to be one of the main nuclides to be partitioned from
HLW through the assessment in terms of reducing environmental effects in
the geologic disposal of a solidified HLW,

Experimental results for chemical behavior of Tc in the partitioning
process showed that it was hardly extracted in the solvent extraction
processes of separating U and Pu with tributyl phosphate (TBP) and Am, Cm
and rare earths with di-isodecyl phosphoric acid (DIDPA) and was co-
precipitated along with other metal ions in the denitration process with
formic acid. Therefore, Tc behavior in the denitration process was studied
in detail.

Over 98% of Tc was found to be recoverable as precipitate if HLW
containing over 5x1073 M of platinum group elements was denitrated with
formic acid of which concentration in the solution became over 1.8 times
that of nitric acid.

Over 90% of Tc, which was recovered as precipitate from the synthetic

HLW, was able to be dissolved with hydrogen peroxide. Adoption of this
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denitration and dissolution process prior to adsorptions of Cs and Sr on
inorganic ion exchangers will offer a promising prospect of recovering Tc

from HLW without no serious modification in the partitioning process.

Keywords: Partitionming, Technetium, High-level Liquid Waste Denmitration,

Precipitation, Dissolution
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1. ¥ 4

BB O BT » TRAET 2 HLWhic 2 12 MEHERE 2 3 1 010 b feathic s 1
T, B3 vREH, Sr-Cs BRUZOMOTEREICHE A8 L, L0%EL4ETHS
LESEVHBAFObEKHAREOMRAEPTE7 Y, BT 0w 2OEEGERRE L
T, 1982 I I B EEERI23C1 2 5 TI9B34EIC 13220 Ci V2B L - RSy ER 4
EHi L, BELTAHEL SV TEOSBENSE SN BT & ARER LI, |

CRETICBR L TE BT 0+ 2 (BOMIERET 0+ 2) TH Ted S BIC>0TOE
BEF N TR0, 1980FELIBIE BT 2B 7 o e 2OHETIEE L X VEEY O
B ICRES S BRIRE MO S ¥ Np EHIT¥ T HHPBONF LI NEEELRHEDOD
LD LTRAT BT E S 7 Yy DI  Te & &t B ISR 4 5 L TR O Bk
BT 0 2 TOTe DEB LRt DOT, BHE L ORI S 1 3 TeO BB AT L < #FH
ZDOEB S HLWHRDO® Te 2O d 2 Fkast Uiz,

2. % B

21 # %

(TBP #Hi#l)

P LKA S¢® tri-n-butyl phosphate (TBP) 300m¢g % QA ZE&NLdE n-
paratfine hydrocarbon (NPH) © 1 £itHIR L 30% TBP @l & LA L7z. (LIFTBP
A &30 ) | |
(DIDPAfHFD

A/ T %25 di-isodecyl phosphoric acid (DIDPA) 209mg, Bsi/b2ika ot
ZUITBP 28 1m¢ 4 QAN EHRKXSEENPHT £HIRL 05 MDIDPA-0. 1M TBPEH
ELTERLA, (LUFDIDPAMTAE &GS

(B

FOEFEE T RS HCOOH GL3EHH) 4 NaOH /KB R THMEE L, BEEAROTHA L
P

(hHE )

NEIFIERBONO, (FEBH) 2REKTHERLA-0L, NaOHKGEK THAMEL, B
BEEARDTHHL .

(%™ Te 7]

HETA YV b—7HaLDAF LA Tc GBF 72 F 7487 1 7 LpH 4.0 KIBEE)EE
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1. ¥ ]

RO FBEICE - THRET A HLWHICE § 15 EEEE S AR S ST n o
T, By vaFE, Sc-Cs BRUTOMOTRHICHH Gl L, LoEaiuETtis
LE3&EN3BR LD LCHABEOMREEDTER Y, BB vt 2 OEBRNHRE L
T, 19824FIT (2 B F LR R B AY23 Ci 2 DU 198345413220 Ci O A i L 7B Sy B stBR 4
EHL, BELTAEERICODVWTHEWSEENESONI T E4REE LT,

CNFTTICHBLTEABDE Yo 22 (EAMIERET 2 2x) TETcD HEticonTo®E
BT AN TO 0D, 1985 LIRICB T 2808 7 o« AOMETIRE L N AVEEMNOH
ALY ITRE S S BISSE MO E A 5% Np & HICP Te @H SO R LN EEAKEBOD
Eok LTRET BT E & -7 Yy MO Te % A vl B LB % B LTI BEREK
HET O RATOTe DB ZF T, 20T, BHSB LUFMECE T 5 TcOBEB AL CH~N,
ZOBE 5 HLWhO* Te #[EINT 5 Fika | L,

2. FE 3

2.1 2 %

(TBP &)

BEE/LFERNSE® tri-n-butyl phosphate (TBP) 300m¢ %= OAEHRAN 2 HE n-
paraffine hydrocarbon (NPH) <1 ¢ HRL 30% TBP &l & LTHEA L7, (CITTBP
A &2 d)

(DTDPAHHAD

AL T 2%l di-isodecyl phosphoric acid (DIDPA) 200m¢, EAs b2k Lkt
BITBP 28 1mf A OARERANASHEENPHT1 FICHKRLO5MDIDPA-0.1 M TBPHE#
ELTHEEL, (LUTFDIDPAMMHE &3CE)

(88

FotAnE TERHCOOH GR35 A NaOHKBBRTHM@E L, BEEARDTHEAL
7o
()

NFEFREGEHNO, (FEESR) £2ZEKTHFRL-0L, NaOHKERTHIIME L, B
EEARDTHEHR L/,

(T @i )

BERT AV b =7HELIDAF LA Te GBF 7 AF 7 L8 b)) ¥ LpH 4. 0 KIEK)ZHE
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HKTHRRLIcob, {LFBEEEE LTHERL 7.
[Z ot H %)
FOMORRITNTHEERAER U1,

2.2 HEHIHROCHAH

(A48 P AL T8 B )

P LB BE e D#HAK % Table 117K 9,

BRI RRIC S ), BUHERTICEIN14 VO ) LEEENEVEHEES QD
Al U0, PO BLUSIOFEBNE 7 0o —TOTcOBEIMTFIEE L LD EEZ
EAEBEATRSATORO RuUEABRM LS » 7t FHETLHEE La TRE Lic. BN 518
OAEFER DR EA S REBREAEH L7225, Mol (NHy)sMo; Ou, TeldHsTeQs DfLERE
THM Lo CORRICRBIL Z2BRICS™Te £ NaTcO, Dt#H (pH 4.0 KK THL—+
—B&RIb L.

(T B G P AL TR BE )

EROFZRERHALT 5. DREOEEA 4 v OAERINL, £OLB1 4 »HiTable | iT/RT
BEEGLLEINERERY L. &2 Mo, Zr DS EEROFELTIE 2M HNO, i2Mo
0.069M, Zr 0. COOM & 7S B RETR MM LB L /o, O IT®™Tc & NaTcO. DL T b 1
— 4 — BRI L ER it L7,

2.3 ¥BBHIUVATEE

(A R

FIHERY 100 mf S3iR o — b ICHimmiR S SFEBEOMBRARM L, FRICEVOT209RIERE S
Ll S5TEIEFER, BRMEEIKEL2 v 7BFETHEL, S0 TELIERAH G TEEIE
ATLERESHLVEMBEESICHE L, KEBLUERHELDE ImfEH) 151 Vil
RICHEL, SEURPOKMSEER A Nal (Tg) v v Fr—va YBESBAEZ eSS il
E L7,

(e hE A )

IREBHIGREZIT 0 72 100mE B 7 7 = 2 1CEEBBKR S HCOOH 27N Lo b, 4 1R
B Lic, FinE THSHE, BE LB EBRABEOIEECE L, BORMEL%EEEE
Bl FFHEOEBAFHALz0L, COBRLD ImfER) o F Ly AR ICOR L7,
AEHR D OMARER (TR R OB A L [ERRIC L TRD 7o BT - - HUER (IR R ER
TBHEINGTRE & D I R B AER A 2 LV TR 1.

2.4 BABMTOERCEBIITETIRFILOES
INETITHRELTEAES# 7o —OBBA Figl Knd, EUERERDOLS TS 5,
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4) U&PuAhTBPTHIH T 5,
o) BV b= L mEOMIBIENS CTRP raffinate A L, Zr & Mo 2B ELT
ke 5,
N BTV ALREFIECHE (RE) G pH 0 5L BHE,»SLDIDPA-TBP
THift 4 %,

= M7 b= T LR EREGIMERR A A v 80K N 7 4 THEET 5,

F) VGr EVCs [FEH A A AR S S Lt A LO# T S,

iR T LRIV Te OBBEB AR L 72,

1) TBPHEHIR

PP 0 mg I TBP AR ZEEHM L, #NEERET -7 KEBXUE#MEG
OHUERER #HE LA AR D, ToBREBMHICE = /cTcd 0. 01 M HNO; &L 5
AR b ERk DA L THEMR L SAE AR D7,

2) RETIE

TBP raffinate ®HNQ, BE 20 fEE TR i-DL, TBP raffinate 33 mg it HNO & D
|52 BT M9 5 HCOOHARM Utz COBERIC>OTHRIEAREERE L. Bl Lok
BAaE 0h, E3HEORSHEER T L Te DBE LR D7, BEC LT AROHNO,
BEBIUPpHEZMEL .

3 DIDPAMIHTRE

BrHRBRE LB A SE Lo L FAEME I mE i DIDPATH A #FEHRI L, % T-
L. FOBEBMICHE SR/ Te® 40M HNO; iz X 2058k & 325 L 72,

4) B4 A IR TR

Tc 3 DIDPAMHTIREICHE T LASHBENT. B4 v SRESBELRCBTLLEL
Hipo Te DBEFHBRAEELSH -7,

5) EREA A SR STEERTALER 15 5

B A YRR 5 AL 5 TYSr, YCs ARENEET A REpHIE B3 LIETHYD, P
vk THEED pHEZEE T 5, CHoDR(FICE T 5 TcOREEHBRNS 4 25 BLBT
il g B,

6) HEKEA A v SHASEE LIS

Te ZERA A v ZREASEIAETEORMRETR AL HRNE s, B4 328K
SEHEIBIEBITLEVCE L Te 0BEFHHBEER LD -7,

2.0 BBERUPHNRCHITET IRF I LOHLEER)
Te #E U 4 OBEFR D> THMPLRFRETD Te DRBHE B LR L7
251 TR hiE&BEE

SEHEA 4 IRAIC B9 S1-7Cs 0 I 543 8 ORUMEBRIT TS 510 B T TO Te
DEH AT
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(hfnk]

Fe,Cr, Ni, Sr, Cs 35 LU Ba & IS RE BRI 20 Mg 5 & OHEEIE LI ER ik 20m ¢
iC#& %2 A MNaOHZHINL pH 5 DI E Ui, FAE LA AREEIENo. 5C THEL, A
OiREEFAT A LI COERLID IMEEE) 7 L REMICOE Ui, SUEHED okt
RERT hiEsR) LRBOAIEEER L, RBICH - GBI (HisEr) LR#0hE
TRDIz,

(k]

thflE LA D 2 B OHEHAKIC ST, E40BKICEENIHNO, B0 1.5 RUF2 02
LEOHCOOH i LIRIHRER 41T » 720 BAELATEREZSE L-0b, dfnk RO HiE
TTc O AR 7,

252 ®EAAOEE

WARIEC L > TEDRRERBA 4 v 8 Tc OULBFELX LR SH 20, %5E LB~
VTR A+« OBBR B AIREE 20 mf 810, {4 OBKICTESEN 5 HENOBITH LT
MmA5HCOOH OBZZEL X2 TN UIEMRREE®E L7,

1) Fe,Cr,Ni,Cs, Sr, Ba

2) Mo, Zr

3 Mo, Zr, Te

4) Rh, Pd

5) Rh, Pd,Ma, Zr

—EEA AR T 0V T b LA SR, R ALEREE 20 BICinA B HCOOHD B %
s TR U A EE Ui, (MBEDE L, L94nikB L pHATRIT2 & iz Te
DB AR DT,

53 Rh,PdBLUMo, Zr 1 & YV EFEOEE

WIREDRh, PdMo, Zr 1 4 Y DBEEAZF NENE(LEE T Tc OLBELTF I,

PUMICR a0 2M HNO, i 20l It 2~ DEIKRICEET N AHNO, BD 2 0 480

HCOOH A& L Tl ik & K i L 72,

1} Rh,Pd,Mo, Zr Ofl & IS EERHEAERER O/ 4 YIEEL10% & L 204 4 8
B0, 20, 40, 60, 80 BLTF 100 % & LA

2)  LFREOEBEERFAIEER OS> ERh, Pd44 Y BESX100%E L, Mo, Zroq44 Vi
D& 0, 20, 40, 60, 80 BLU 100 % & L F-iai

3] FECOBEREERAMEREO S b Mo, Zr 14 ViEE4 100 % & L, Rh, PdOA4 2
BDaA 0, 20, 40, 60, 80 BLTF 100 % & L G

2.

254 [O&EoEOENLLOBEDE
HEHEILRED 2LV THOILESTe DILERE FRICES 3 2042 ~1,
PIMCRg#EeE o 2M HNO, & 20me it & 2 DElicES £ 14 HNO, B0 2 0 {£4E0
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HCOOH A7 i L C B RBR & %6 L1
1] Mo, Zr & EBIEEAUMERKICRhA 4 VY OEENS 0, 4 BL U 8mMEL AN
L7
2) Mo, Zr #S D HEBREEHABEERICPd 1 4 Y OEES0, 36, 108X 18mM &7
AL DHR LA

255 EEMEEETOF 7 5F T ADBH

BOE 7oA TEDIDPAMH TEOFMMEE LTAERTREEINANHOED L5 EHED
HCOOHZHLWIZHM LTHAH L, DIDPAMIMI T REAE /%, BUDIDPA raffinate 7 5
73 ACEEFNAHNO, BD 2 4B HCOOHATEM L THHET 5, £ O%RDPUEREENZ,
PpHiE# 5 LI EEF 5, §7bhbTe 20 OLWRERENM TECE T 2 ool TE 8%,
PSS N LT LIS, TORAE—EDORH, hFHREICE0TTe HEDRICER T 50%H
~fe

R ALIEER 20mE, Zr B L UMo A ST IS HALEER 20mf B3 L Zr, Mo, Rhis
L UPd A SRS LR 20mE KB A48T A HNO, B 1.5 {E4B0OHCOOH AT
U Tl (—RIRRE) L/ MBS L Te OMmBERLR DIz, FOBRPFIHE T—REHE
B OHNO, B-EA Ky, SN AHNORD 2 04548 0 HCOOHA —k % s i ik
LCHehd (TR Ui LB A 98 LR U Te OmBRAERD 72, 20 TLIRBUHEZER O
pHZHIE L72%, 1M NaOHAFEMLU pHS I EE Uiz, BELHEREAEETHEEL, Tc
DLBE AR DI,

2.8 AELHOEDTIRFULER

BRI O Te 28I L, MOITELoaEINTE 5 A5 L, KBl H
WETEBAE R, FREETALMEEE R 20me IKE A HNO; BO 2 0 5880 HCOOHEE M L
TG 5 ERE->THROENBLEAEAD LA, 20mEOEEKRT2MEEFLLEDTH 5,
CEOEZEAMEDRA S » VA2 0TI IHE LEEREDAREEL £ L7l &RD1, AHH
BRIE TR, MR ESE LANEORBAN T ALK OBE 1M AR ZF L vk
FHRICH I Lo SRR O EER A1 L Te OB HEERD 1,

261 THEIER FLAEDOEE)

Te BERRIICHBILRIGHRE{EEL TR EEL LN, 20HHEBILATH B0, 0.,
Ho O KBEH B LU HNO; K2 THIET L, /o708 VHBETERDOEEICL DB/ SH
LEEZ OS2, NaOHKER, NH,OHKERIC>OT BRI L7,

D OuHRITo0T © A 2 35 Th L BRRBER ik L, H,020me 2Em L 7.

MMEGRG LIEH38 O, #7 A % 200mf / min il T 2 B5RELS 2 A AT,
) O ARCDOT  HBELIO, TR EFBIUTH L, QR DOFELIT O, [FPICRRIG 741
THEREBLTOS ~ 6 BEHRERDO, HRAEE,
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3D H, Oz 20T A RAEERBEECH L, 10mf OHO%EHM L7, MBS L
531 % H, 0, 10mg % 1 mf /min OEE THRM L, 0% 2 BREmEEm L,

4) HNOic»bT T IEEA 2M  HNO, LLicmaBREEICH L, 2 SMmeEE L,

5) NaQHIDWT [ Ex IM NaOH &icieffs 7 s 20 L, —BEREL

§) NH,OHiCoW\T B4 IMNH,OH Ltickfts 77 2ok L, —BEKE L,

2.6.2 WEICLEZF715F 7608

HNO 2 BT Te A% HT 2BAOHNO. BERFELAFHNLH T iorn T EBAERK L/
WE S g ATREAEBREEICH L, 0, 10,20, 408506 OMDHNO, 20me 445& 4 Opi
TR U e —BRRE L CTe OB BT Lo ZOBLEBL 008 LA AERELBRIChE L
LT, 2BEmaREl . SR CRASEHET Tc OBFEHELAE L,

2.6.3 BE{bKEKICLDZT 7 &2FULOEL

H 02 TTe 2T 38550 H 0. BEIREH A AL DL TIORST R HiE L 7.
1) HBERYD OBRLRER

ThEY 1 2240 15 5% H,0:%6.6,79,165,21.7,200, 30 1 8L 40 6meFmML, —
BREE L1

2) H.0.DEE

0,775,155, 23. 3 5L 3L 0 BOH, Q.5 0 1 €241 20 CmARML, —BEKRE L
7o

264 EEKFEKICK BEE LED
E—OEHREERETBICL - TAREL LASEIEVTE 2 S IDERNZLDHLT
DOEEBA T L 7,

LB gXD 15 5 B H, 0% 6. 6MPIRM LT 2 BpRTAE L7, P08 LE iR % 508k Lishid s
BB, BT AMMBICHT 15 5% H 0% 6 6meRM L 1 Bl L7z T o DigfF%
4ol L, REICEE 35 Te DRANE L.

265 BHEIOEESHFEILER
H OB HAEE LTRHOBERPOASECEEA R FRAETEKD 2. 20k
oL TRELTEEHWTER L,
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3. & B & & %

3.1 BOMFOERICHEITETIRFILDES

HLWIC Te B 100 BFEEL T AHE LT, HAMLEOER T » 7 TTeiBEDRIZHMNT S
PAEEDETRDERE Fig, 21087, DR T v 7 THU Puhk TBP THIH 4 %0 /%0 7
FTRDITBPICHT 5 Te OB 0. 4 TH - e HEBICU Puiiitbi T2 TRTIE, TE
DOMEEBL U 4 BORFELHEACZERARMNE (353 —% 7)) TRV TERNICHTE
EFF D, TOfhNy FETRSARLESEE LT, REmEnie Y @ s tHER
HEIC—ETHELENHREAB ) 2T, &4 -2+ 7 FETO Te OMBES ZRDI,
FORE, TcidlASBHENTITEATBP raffinate 757 v 3 YK EE b -1,
TBPIMHEE N/ U, Puid 0 0IM HNO; THfiitid 5, DO Te DIECLLIL 1L 2TH -7,
WHHHRE S HHERIESE U 5 BOZEZRIFEMHEEZR VL 2% 0 STl ERBOHELTL,
Te OEMEE S ERDI, FOFR, U.Pu757 v 3t 1L2%, E8BDIC 1.8 %HiTT5
FEhdip - :

THDTc &1 TBP raffinate % D1 DPABIICSEA TR L Zr & MoZ it & LT
F9d b, COBEDTc ORBREIVIOHFTHY, A% (DIDPATMETROY « — FE) 3%
KD BT3B DL, COBHENSHT V2T ankEFLHTHE (RE) #DIDPATHIHT
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Table 1 Ceompesition of the high-level liquid wastes

Chemical constituent or Composition (M)

Fission produced elements

Waste from PNC#* Synthetic waste

nt 2.0 2.0

Fe 0.038 0.038
Cr 0.0091 0.0091
Ni 0.0060 0.0060
Al 0.00076 -
Na 0.076 0.076
U 0.0076 -
NO; 2.28 2.28
P05 0.0023 --
51035~ 0.0076 --
Mo 0.069 0.069
Tc 0.015 -
Sr 0.0165 0.0165
Ba 0.0207 0.0207
Cs 0.0371 0.0371
Rb 0.0074 0.0074
Y+RE 0.127 0.127
Zr 0.069 0.069
Ru 0.034 -
Rh 0.0080 0.0080
Pd 0.018 0.018
Ag 0.00085 0.00085
cd 0.00085 0.00085
Te 0.0068 0.0068

* Power Reactor and Nuclear Fuel Development Corporation
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Table 2 Percentage of Tc precipitated by
neutralization and denitration

Percentage of Tc precipitated (%)

Neutralization Denitration
Sample [HCOOH]/[HNO3] ratio
(pH 5) 1.5 2.0
Simplified synthetic waste 12 5 9
Synthetic waste 10 10 >99.9

Table 3 Percentage of Tc precipitated by sequential

denitrations and neutralization

Added elements

Percentage of Tc precipitated (%)

or sample

lst denitration 2nd denitration Neutralization Total
Mo,Zr 20 14 4 38
Mo,Zr,Rh,Pd 20 72 <0.01 g2
Synthetic 10 83 0.5 93
waste
Table 4 Dissolution of precipitated Te¢
with various reagents
o Dissolution ratio
Reagent Condition -
(%)
02 23
03 Heated under reflux 34
Hy05 for 2 hr. 76
HNO4 90
NaOH Standing overnight 6
NH..OH at room temperature 7
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High-level waste
(2M HNO3)

TBP ——— Solvent extraction

'

——

U. Pu

’

Formic acid —= Denitration {(pH 0.5~ 0.8)

l

Filtration ———— Zr(Mo0Q4 ),

l

DIDPA —— Solvent extraction

Rare earths (RE),
A_m, Cmin 4M HNOz

l

Zeolite, ——

Denitration Titanic acid —

l

Cation exchange

separation
/ \ Y /
Am, Cm RE —— | Others

Fig. 1 Flow-sheet for the partitioning of high-level waste
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High-level waste (2M HNQ3z)
l ( Tc=100 %)

TBP > Solvent extraction

‘ D=04
Aq. 97 % Org. 3%
0.0tM HNOz —Back extraction
D=12
j Aq. 1.2 % Org. 1.8%
U. Pu Washing
\ Recycle

HCOOH —— Denitration (pH 0.5~ 0.8)

Filtration = Zr (MoOg)o

87.3% S 1%
DIDPA —— Solvent extraction
' D=0.1
Aq. 87% lOrg. 03%
4.0M HNOg— Back extraction
HCOOH —-Denitration | D=0.28
NaOH —Neutralization lAq. 0.24% lOrg. 0.06%
l _ Denitration Washing
Zelome — Cs Recycle
Titanic acid —[ Sr ] ggglaornaﬁgcnhonge
| T~
Am ,Cm RE

Others

Fig. 2 Behavior of Tc¢ in the partitioning process
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D 40 1 -
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o 40 7
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20 ]
0 -——Vv I I l 1
0 { 2 3 4 5

pH after reaction

Fig. 4 Effect of (HCOOH)/ [HNO.; ] ratio on precipitation of Tc by
denitrations of various sinthetic wastes containing platinum group elements
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Concentration of Rh or Pd (mM)

Fig. 6 Effect of Rh or Pd concentration on precipitation of Tc¢
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Tc dissolved

containing Mo-Zr [HCOOH)/ (HNO,]l =2.0
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Concenfration of HNOz  {M)

Fig. 7 Effect of HNQO; concentration on dissolving of Tc

@  heated under reflux -4 standing overnight
solution volume/ sludge weight =8.6 ml/ g
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Fig. 10 Dissolving of Tc¢ by repeated runs
with 15.5%H, 0. solution



