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ABSTRACT

One of the methods to manage HLLW genemted from nuclear fuel reprocess”mg  is to patition
long-lived transuranic  elements (TRU) and heat-generating nuclides such as Fr-90 and Cs- 137 liom
HLLW, and then to transmute TRU to shoxter-lived  or stable nuclides  by a fission pnxess and to fix
Sr-90 and CS-137 in mineral-like stable compounds.

,
Since 1985, many efforts “have been directed to developing an advanced partitioning process

for separating elements in HLLW into four groups TRU, Tc-platinum group metals (POh@, Sr-Cs
and the other elements. The latest studies were f- on the separation of the TRU group, the
pntmatment of HLLW for the TRU extraction and the separation of the Tc-PCM group.

Through these lindamental studies, the advanced ptitioni.ng pmc.ess has been constructed
and its effectiveness will be demonstrated with an actual HLLW in the near future.
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1. [introduction

Partitioning o f  nuel.ides  s u c h  a s

Sr–90 and CS-137 in a high-level liquid

tranmuanium e l e m e n t s  (TRU), Tc-99,

waste (HLLW) generated in nuc4ear  fuel

reproeeasing and transmutation of long–liwd  nuclides  by nuclear reactions are

expected to increase the effiancy  of high-level waste disposal and will ~k

the utilization of existing resources in a spent fuel.

2. Progress of our research activity

From 1973 to 1984, a partitioning process was developed for separating

elements in HLLW into three groups; TRU, Sr-Cs  and others.

The pr~ showri  in Fig. 1 consists  of  three steps; the f irst  is  ~lvent

extraction of U and Pu with tributylphosphate  (TBP) and the second is solvent

extraction of Am and CuI with diisodeeyiphosphoric  acid (DIDPA), and the third

is adsorptions of Sr and Cs with inorganic ion exchangers.

Tle

and

with

three group partitioning process was demonstrated by using an actual HLLW

it was confirmed that more than 99.99% of Am and Cm could be extracted

DIDPA.

‘fhe preliminary assessment study indicated that the cost for the

constriction and the operation of a partitioning plant &mea less than 590 of

that of a Purex plant, provided that the partitioning plant is operated in

@nnection  with the Purex plant.

After 1985, a four group partitioning process has been developed in which

a step for separating T&platinum

to the three group separation.

effective methods for (1) the

separation of Am and Cm from

group metals (pGM) was developed in addition

I%e latest studies are focused on developing

separation of  TRU,  espec ia l ly  Np,  (2 )  the

rare earths, (3) the

the TRU extinction and (4) the separation of Tc–PGM

3. Separation of TRU, especially Np

treatment of HLLW prior to

group, especially Tc.

13xperiments on a ~unter—cmrrent  conti nous extraction using a miniature
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mixer—settler were carried out to determine the conditions for extracting N p

initially in a penta–wdent  s ta te  wi th  diisodecylphosphoric  a c i d  ( D I D P A ) ,  o f

which effectiveness for the complete extraction of Am, Cm and PU was confimmd

in the three group partit ioning process,  and experiments were carried out to

make the behavior of other elements clearer in the extraction process.

Figure 2 shows the operating condition of a Ki+tage miniature

mixer-settler. In case (a), 7 stages were used for the Np extractin  and in

case (b) 14 stages were used. Tlmse  mixer-settlers were operated at 25 or 45

c.
Table  1 shows the

extracted. The percentage

experimental condition and the parentage

was incxeased  by raising temperature and

o f  N p

by the

addition of hydrogen peroxide. When a simulated HLLW was used as a feed

solution, the Np extraction was further accelerated by a catalytic effect of

some elements containing in the simulated waste.

As to the Runs No.14 and lS,  concentration profdes  of Np in the aqueous

phase at the extraction stages  are shown in Fig. 3. The rate of Np extraction

was faster just after the points where hydrogen peroxide was added. The

extraction rate became slow as the hydrogen peroxide was decomposed. When

hydrogen peroxide was’ feeded so as to compensate for its decomposition, the

extraction rate was increased again and more than 99.%9i0 of Np was found to be

extracted in the 14-stage extraction.

Table 2 shows the behavior of f ission and oorrosion products in the

a)ntinous center-current extradon u n d e r  t h e experimental condition

corresponding to Run No.1O shown in Table 1. It was confirmed that more than

99.99% of Nd, which was used as a stand-in for mre &tbs, Am and Cm, was

recovered by back-extraction with 4 M nitric sad. Most of iron was extracted

with DIDPA, but not back-extracted with 4 M nitric acid. Therefore, Fe could

be separated from Nd with a decontamination factor of about 10 . About 6% of

Flu and 11% of Rh were extmcted  in this experiment. Their  extraction behavior

might be changed in a plactieal application beeause  their chemical forms seem

to differ in an actual HLLW. Almost ail Ck and Sr were transfered to the

saffinate fmction and Nd was found to be completely separated from these heat

generating nuclides in HLLW.

Back-extraction behavior of Np and elements remaining in the DIDpA

solvent was also studied with 0.8M oxalic acid solution. Fig- 4 shows the

concentration profile of Np. More than (99.9% of N p was found to be
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bdck–eXtfaCted with oxalic acid solution. About 97% of Fe was back–extracted
together with Np. As for the other two extracted elements, about 98% of Rh

could be back–extraeted, but about 8W40 of Ru remained in the DIDPA solvent.

The present experiments on the counter current continuous extraction and

back-extraction offered a promising prospect of separating TRU from HLLW by

the D[DPA  extraction process eonskting  of the three steps shown in Fig. 5;

the first,  simultanams  extraction of TRU with the DIDPA solvent, the second,

back-extraction of tri-valent Am, Cm and rare earths with 4 M nitric acid, and

the third, back-extraction of tetra-valent  TRU, Np and Pu, with oxalic sad.
In this flowsheet, it is assumed that Am and Cm are separated from rare earths
by using a eation exchanger column.

4. Separation of Am and Cm from rare earths
fn order to develop a more continuous process, we are now developing a

preferential back-extraction of Am and Cm, leaving rare earths in the DIDPA

solvent. Figure 6 shows the pH dependence of the distribution ratio of Am and
Nd in the back-extraction from the D~PA solvent with

diethylenetriaminepentaatxk.ic aad (DTPA).  ‘The separation factor between two

elements became more than 10. Figure 7 shows the comparison of distribution
ratio of b with those of tie earths- The distribution ratio of Sm was the
nearest to that of Am. In addition to these experiments, the change of pH

caused by the extraction of ammonium ion was also experimented.

From these results we eSirnated  t h e  b e h a v i o r  o f  eaeh e l e m e n t  i n

continuous back-extraction. Table 3 shows the decontamination factor (IX) of

rare earths from Am and Cm, and the

and Cm. lle DF of Sm is the lowest,

99.99% of Am and Cm are reeovered,
about 10%. A continuous extmetion  is

obtainable DF.

When this method is applied to the

eoneerttration  ratio of rare earths to Am

but it reaehes 90. On the condition that

the contamination of rare earths beeomes

being studied to examine the actually

separation of Am and Cm, the fiowsheet

will be modified as shown in Fig. 8. After the simultaneous extraction of TRU

and rare earths, Am and Crn are preferentially back-extracted with DTPA and

then tare earths are back-extracted with 4 M nitric acid.

5. Treatment of HLLW prior to the TRU extraction

Prior to the solvent extraction of TRU, nitric acid concentration of HLLW

s h o u l d  be reduced from .  about 2 M to about 0.5 M by denigration. The
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precipitation behavior of Pu, Np and Am during the denigration of H L L W  w i t h

formic acid was studied by using a simulated HLLW.

T a b l e  4 shows the relat ionship between pH and the percentage of  TRU

precipitated. The precipitated fractions of T R u increased with decreasing

acidity of the denigrated HLLW. In denigration at (HCOOH]@N03]  = 1.5, which

w a s  addoptal in the partitioning process developed in our laboratory, the

precipitated fractions of Np and Am were only 0.6% and 0.06%, respective~,

whereas that of Pu was 93%. PU was found to be coprecipitated with other

elements such as Z and Mo- Heating and reflux of HLLW also induced the
formation of a precipitate including Pu. ‘Iherefore,  the precipitations of P U

and a small amounts of Np and Am

denigrated.

The dissolution of the precipitate

studied using oxalic acid to recover

that the precipitate formed in 1 1 of

a 800ml of 0.5M oxalic acid solution.

Filtmtion chatzteristic  o f the

cart not be avoided even if HLLW is not

formed in the denigrated HLLW was also

TRU from the precipitate and we found

the simulated HLLW could be dissdved in

precipitate was also sudied using a

simulated HLLW. It was found that both precipitates formed by heating the HLLW

under refluxing  and by ‘denigrating the HLLW which was previously heated under

refluxing  for long time could be easily filtered.

6. Separation of the Tc-PGM  group, especially Tc

The separation o f  t h e  T&PGM group, especially focusing on the Tc

separation, was studied by using an active carbon column. F@re shows

break-through curves of Tc and - P G M when a simulatkd raffinate,  which  was

generated in the TRU extraction with IXDPA,  was poured into the column. Tc and

Pd were effectively adsorbed on the column, but Rh was adsorbed only a little.

The -e of Ru suggests the presence of several chemical species.  Other

elements including Sr and (2s were not adsorbed on the active carbon column.

Figure 10 shows the elution curves  of Tc and PGM when an alkaline

potassium thiocyrmate  solution was used as eluant. Complete elution of Tc was

achieved, but it was very difficadt to elute Pd quantitatively.

Summary of these results is shown in Table 5. More than 98% of Tc was

recovered in the present method,

elution  with thiocyanate.  Pd was

eluted.  For the recycle use of the

studied.

adsorption on the active carbon column and

also adsorbed ~mpletely,  but only 18% was

column, the elution  of Pd and Ru should be
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7. Four group partitioning prmss

Through these fundamental studies, t h e  f o u r  g r o u p partitioning process

was constructed as shown in Fig. 11.

h i s  p r o c e s s  includs t h e  t w o kinds of chemical methods for the Tc–PGM

group separation. As to the prczipitation  method, we found that more than 95%

of Tc and PGM chould  be precipitated when a simulated HLLW was denigrated with

formic acid to reduce its acidity to above pH 2. However, this prdpi~tion
method was not applicable when a Rh and Pd concentration was lower than 0.005

M.

The four group partitioning process will be demonstrated with an actual

HLLW at the NUCEF (Nuclear Fuel @le Safety Engineering Research Faality),

which is under construction arid comes into hot operation in 194.
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TABLE

E x p e r

of N P

1
m e n t a l  c o n d i t i o n  o f  t h e  c o n t i n u o u s  c o u n t e r - c u r r e n t  e x t r a c t i o n
and  the  r a t io  o f  N p  e x t r a c t e d

R u n  Temp. F e e d E x t r a c t i n g  [HzOZ] in H202 Addition Extracted
No. (“C) solution s t ages  “ scrub(M) Stage Cone.(ff) (%)

1 25
2 45A

& 3 25
4 45
9 25

10 45
12 25
13 45
14 45
15 45

Np
Np
Np

~ Np

alone 7 0
a l o n e 7 0
a l o n e 7 0 5
a l o n e 7 0:5 - -

Sire. HLV 7 05●
Sire. HLW 7 05●

24.6
45,4
78.8
92.7
92.1
95.6

Sire. HLW 7 05● 3 50● 95.5
Sire, HLW 7 05 3 50 98.2
Sire. HLW 7 1:0 3 :8 0 99.0
Sire. HLW 14 1.0 3 & 7 8,0 >99, 96



Table Z Behavior of fission and corrosion produck

in t-he continuous counter-current extraction, carried

out at Run No. 10

Percentage of each element. distributed in the t.hrcc

fractions

Element Raffinate Back-extracted Organic

fraction fraction

Na >996 0.31
Cr >99.5 0.38
Fe 0.13 0.1
Ni >99.5 “ 0.44
Rb >99.97 <0.02
es >99.99 <0.005
Sr >99.95 0.042
Ba >99.94 . 0.027
Ru 93.53 0.98
Rh 88.30 1.86
Pd >99.5 0.43
Nd 0.002 >99.99

<0.1
<0.1

99.77

<0.1

<0.01

<0.002
<0.004

<0.04
5.49
9.84

<0.02
<0.006
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~(ilJles~op81sR~iOH  o f  AIII and CIII froni RE.
P1*el ilninat’y E s t i m a t i o n  o f  Decontaniln~t  ion FactOr(OF)
and Concen t ra t ion  Ra t io  o f  RE a f t e r  S e p a r a t i o n

In IILW1) Cation Exchange2) Extraction
IIle.

C o n e .  (aIfd) Rat io3) DF Rat io4) DF5) I’ltitiod)

Am 3.07
cm 0.16 1.00

Y
La
Ce
PI’
Nd
Pm
Sln
Eu

10.36 3.21
17.53 5 . 4 3
33.80 10.46
16.80 4.91
5~e6z 17.22

0.52 0.16
11.17 3.’46
1.83 0.57 ‘

cd 1.23
TIJ-Er 0.06 0.40

1.00 1.00
>1(-JG <10-5 >1($
>lo~ <10-5 >@
>lo~ <10-5 23000
>lo~ <10–5 2700
>lo~ <10–5 “ 300
>@ <10-5 120
>106 <10–5 90
>103 <10-3 120

< [()-5
<10-5
0.0006
0.0018
0.0574
0.0013
0.0304
0.0048

3 0.13 260 0.0015

Total 140.0 45,82 ($50) 0.13 (430) o. 10G

!) calculated  o n  condit[on that 0.5 n3 of llL~ i s  gen~rate(~

Per 1 t of spent fuel which k ironed up to 33000 !lWD/t
ml reprocessed after 6-years cool h.

2) The wethod previously developed
3) Ratio of RE concentration to the total concentration of

AM and CDI
4) The concentration ratio after separnt ion
5) OF by the extr~ction is depend on the process conditiou.

“1’hese value are obtained as typical ones by calculatiol~
on condition that 99,99 % of AM and Cm are recovered.
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Table 4 pll and percentage of TRU precipitated during

denitrationof simulated IILLW
—— —.—.—

[lICOON/lIN03 ] Pl[ Percentage ofTRU precipitated

Pu Np Am

0.0

1.0

1.2
1.4
1.5
L 6
1.8
2.0

“-o. 4 14

0.1 27

0.3 31
0.4 - 76
0.6 93
1 97
3 98
5 100

0.34 0.03
0.54 0.03
0.54 -

0.70 -

0.64 0.06
1.20 0.13

93 2.0

97 42
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Table5 Results of Experiment on Adsorption with Active Carbon
and Elution with KSCN

Column: 1 g active carbon, 150 mm long, 7.5 mm diameter ‘
Feed : 0.5 M HN03 solution, 72 ml (50 % break through for Tc)
Eluate: 2 M KSCN - 4 M NaOH solution, 40 ml
Flow rate: 5 bed volumes/h both in. adsorption and in elution

. .

-.
Llement

Feed Adsorbedl) ‘ Ratio in each fraction (%)

Cone.(M) (mM/g) Effluent Eluate Adsorbent)

Tc 0.0040 0.237 1 >98 <0,5
Ru 0.0085 0.262 51 41 8
Rh 0.0020 0.019 84 2 14
Pd 0.0045 0.269 0 18 82

0thers3) 0.534) O 100 0 0

1) Amount of the element adsorbed before elution
2) Ratio of the element remaining in active carbon after elution
3) Na, Cs, Rb, Sr, Ba, Cr, Fe and Ni
4) Total concentration of the above 8 elements
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Fig. 1 Three group partitioning process demonstrated
with actual IILLW
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Aqueous
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Fig.2 Operating condition of the mixer-settler
Solvent:O.5 M DIDPA, 0.1 ~ TBP in n-dodecane

Feed :0.5 ~HN03,  NP a l o n e  o r  s i m u l a t e d  HLli’
Scrub :0.5 M  HN03, [H2021=0,  0 . 5 ,  l.OhJ

S t r i p :4.0 ~ HN03

H202 s o l u t i o n : 0 . 5  hJHN03,  CH2021=0,  5 . 0 ,  8 . 0  ~
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● : Aq. Phase

% 0: Org. Phase
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1 4 8 12 16

Stage Number

Fig. a concentration profile of N P in the
lo-stages back-extinct ion with
oxalic acid at Z5°C

Feed :the solvent containing 2X 10-GM  NP
Strip:O.8 M oxalic acM

Over 99.9 % of N P wis recovered.
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Fig. 5 Process Flowsheet  for TRU Separation !JY Extraction with DIDPA
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EIuate: 2 M KSCN - 4 M flaOH solution, 5 bed volumes/h
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