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Overview of the processes A) JOLICH
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SANEX process demonstration
- An(llH/Ln(11l) separation -

= Successful hot demonstration test at ITU 20081l

=  Product:
= Am(II) > 99.99 %
= Cm(lll) > 99.99 %
= Ln(ll) <0.1%
=Y ~0.43 %
= Gd ~0.32 %

Solvent

CyMe,BTBP  0.015M
DMDOHEMA 0.250 M
in 1-octanol
10 mL/h

—N

N— N
4
N N

Spent
solvent

Feed
Ln.(III) HNO, 2.0 M
Raffinate An(lll) + Ll
10 mL/h

Scrub
HNO; 0.5M

10 mL/h

An(lIl)
Product

Strip

Glycolic acid 0.5 M
setto pH 4
10 mL/h

03.11.2010 I Magnusson, Modolo et al. Solv. Extr. lon Exch. 27 (2), 97-106, 2009.
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Experimental setup at FZJ and ITU A) 0LICH
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= FZJ centrifugal contactors 0 = ITU centrifugal contactors [ iersomese

= INET, Tsinghua University Beijing, = BXPO012 type, Rousselet-Robatel,
China France

= 10 mm rotor diameter = 12 mm rotor diameter

= 4 batteries with 4 stages = 16 stages with full flexibility

= |nstalled in a hot cell
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SANEX-process for An(lll)/Ln(lll) separation #) J0LICH
from a simulated DIAMEX raffinatel?]

Solvent

CyMe,BTBP 0.015 M
TODGA 0.005 M
in 1-octanol
10 mL/h

a—e
N

0] 0]
et Lo o
31?\|}| ITI/B‘I?

_L 1> Scrubbing (4
_______________ 1________ DA

FORSCHUNGSZENTRUM

Spent
solvent

v

Ln(ll)
Raffinate

Element

Ce
Eu
Gd
La
Nd
Pr
Sm
Y

Feed
HNO, 1.3 M
An(lll) + Ln(llN)
10 mL/h
Conc.
[ma/L] Nuc
383
129 152EYy
85 241Am
205 244Cm
716 el
192
142
55

P

DA

R

CBHﬂ' CBHﬂ'
P 17
Scrub
An(lll
HNO; 0.7 M Product
10 mL/h
Activity
[MBg/L]
3.3
25
2.4
1.6

03.11.2010 “Modolo, G. et al., Tenth Information Exchange Meeting on Actinide and Fission Product Partitioning and
Transmutation, Mito, Japan, 2008.

Strip

Glycolic acid 0.5 M
setto pH 4
10 mL/h
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SANEX-process for An(lll)/Ln(lll) separation #) J0LICH
from a simulated DIAMEX raffinatel?]

0 0
CgH )J\/o\)J\ CgH
8 17\'Tj ITl/ 817

CgH17

FORSCHUNGSZENTRUM

An(lll) < detec. limit
Ln(lll) <detec. limit

Spent
solvent

w(_

7 N\ \_
Solvent —\ N /
CyMe,BTBP 0.015 M N= ) N\
TODGA  0.005M NN N
in 1-octanol N N=— CgHy7
10 mL/h
|oExwacton . Scrubbing..
v
Ln(il) Feed Scrub
n
Raffinate HNO; 1.3 M HNO, 0.7 M
An(Il1) + Ln(lI)
Ln(lll) >99.9 % 10 mL/h 10 mL/h

152Ey  ~99.9%
24lAm ~ 0.08 %
24Cm ~0.32%
252Cf < detec. limit

»

P

DA

=

An(lll
Product

241AmM > 99.9 %
244Cm ~99.7 %
252Cf  >99.9 %
Ln(lll) <0.1%
152Ey  ~ 0.8 %
Y(l) ~3.2%

Strip

Glycolic acid 0.5 M
setto pH 4
10 mL/h

Is it possible to directly extract An(lll) from a PUREX raffinate?

03.11.2010 “Modolo, G. et al., Tenth Information Exchange Meeting on Actinide and Fission Product Partitioning and Page 7
Transmutation, Mito, Japan, 2008.




Overview of the processes #) )0LICH

FORSCHUNGSZENTRUM

Dissolved
spent fuel Research areas at FZJ %

PUREX % DIAMEX | C——> | sanNEx | C——> | Am™/em
separation

TODGA/TBP/TPH BTBP/TODGA LUCA

[
!
!
|
!
!
|
!
!
:HAR 1 cycle-
PUREX | ) | - |Emmp Am,Cm
!
!
|
!
!
!
!
|
!
!
|
\

-

BTBP/TODGA + FP stripping
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TODGA extraction
+ An(lll) selective stripping
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1-cycle SANEX — preliminary testsl®!

+ High selectivity of the extractant
(CyMe,BTBP) for An(lll) over Ln(lll) and
most FP from HAR at 3 M HNO,

+ Hydrolytic- / radiolytic stability

Slow kinetics

« TODGA is used as phase transfer
reagent

Coextraction of some fission products
(Zr, Mo, Pd, Y, Cu, Ag, Cd, Ni)

Oxalic acid works for Zr, Mo

HEDTA (used in the DIAMEX process)
does not work for Pd

Task:

Find a selective masking agent for
Pd

03.11.2010 Bl Wilden et al. Solv. Extr. lon Exch. accepted.

#) )0LICH
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7 N\ P
—N N o} 0]
N= N coHire o I iy
NN N N N
¥ kY
N N= CgHiy CgHiy
CyMe,BTBP TODGA
HO 0]
‘/\OH
N O
NN HO
OH
O,
O OH O
OH
HEDTA Oxalic acid
1 2
H He
3 4 5 6 7 8 9 10
Li | Be B C N (0] F | Ne
11 |2 13 s 15 |16 17 |8
Na | Mg Al | Si P Ss|C| A
19 |0 Jer 22 |23 24 |5 Jes 27 |28 [0 O N BB 33 34 5 [s6
K | Ca| Sc| Ti V| Cr|Mn|Fe|Co| Ni J]Cu| Zn| Ga| Ge| As| Se| Br | Kr
37 38 39 40 41 42 43 44 45 lde | a7 48 49 50 51 52 53 54
Rb| Sr| Y Zr | Nb | Mo| Tc | Ru| Rh ) Ag | Cd| In ] Sh| Sb | Te | Xe
55 |56 I E 74 |5 Je 77 s [ 80 [s1  [e2 83 [s4a [es  [es
Cs|BaJlLn | H | Ta] W] Re]JOs| Ir | Pt JAu|Hg]| Ti | Pb] Bi | Po| At | Rn
87 [s8 104 |15 |06 107 Juos Jio9 [i10
Fr| RaJAn | Rf | Db | Sg | Bh | Hs | Mt | Uun
57 [s8 |59 60 |61 Je2 64 65 66 o7 |es 69 |0 |1
Lanthanides | La | Ce | Pr | Nd [|Pm|Sm}| Euj Gd] Tb | Dy| Ho| Er | Tm| Yb | Lu
89 90 91 92 97 98 99 100 101 102 103
Actinides Ac| Th] Pa] U Bk | Cf| Es| Fm | Md]| No | Lr
Major Actinides [l Minor Actinides (MA)
Fission products Activation products
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Screening of amino acids and derivatives !)JULICH
- Overview of the tested substances -

(0] NH (0] o] (0] (0]
HsC )J\ HoN HO
OH HoN H OH OH OH HS OH
NH, NH, O NH, (0] NH, NH,
L-Alanine (Ala) L-Arginine (Arg) L-Asparagine (Asn) L-Aspartic acid (Asp) L-Cysteine (Cys)
1 2 3 4 5
NH, 0 0] 0 (0] (o] 0] (0]
HO S« HzN\)J\ N
S OH H,oN OH HO OH OH </ I OH
o} NH, NH, NH, HN NH,
L-Cystine L-Glutamine (GIn) L-Glutamic acid (Glu) L-Glycine (Gly) L-Histidine (His)
6 7 8 9 10
CH; O o] (0] 0] o] (0]
HsC A HaC H,N s
3 \/\HkOH 3 OH 2 WJ\OH H3C/ \/H)J\OH OH C,)kOH
NH, CH; NH, NH, NH, NH, NH
L-Isoleucine (lle) L-Leucine (Leu) L-Lysine (Lys) L-Methionine (Met) L-Phenylalanine (Phe) L-Proline (Pro)
11 12 13 14 15 16
HO, Q\«OH (0] OH O (0] CH; O
Zj\WOH N \S HO/\HkOH HSCMOH MOH HgC/KHkOH
N /g
N \ o Xo NH, NH, HO NH, NH,
L-4-Hydroxy-proline Z-Pro-OH L-Serine (Ser) L-Threonine (Thr) L-Tyrosine (Tyr) L-Valine (Val)
17 18 19 20 21 22
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Screening of amino acids and derivatives !)JULICH
- Results of the screening tests -

80
190 .“.'.“I/f!?i‘l = =R ‘! . —l—".*'l‘. .‘I‘§ -
E X P‘i\ /f \\ ; X X _

\\ // e @ // x / )(/ X

\Xf x x\ /X~X \xﬁx 4 60
4 . ® o
P o0 eee® \_oe’ e .
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\ /

! /
1

| hA-a g A ﬁ*i A-A A Ay

5 I\ {1 30
i @) (@]
{ 20
01 E HO

A Ak okRegoh | A0

Distribution ratio D
Separation factor SF,, e,

NH, 0 NH> —A&-Eu
L-Cysteine (Cys) L-Cystine -®-Pd 110 C org (M)
5 6 —»-SF Am/Eu = W
C
001 b o o T o
0 5 10 15 20
SF _ D(Ml)
Amino acid no. - D(M,)
org. phase: 0.015 M CyMe,BTBP, 0.005 M TODGA in TPH/1-Octanol (40/60) 2
ag. phase: 3 M HNO,, 150 mg/L Pd (0.0015 M), 0.1 M amino acid + radiotracer, 15 min., 22°C
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Batch-tests with simulated HAR-solution

Solvent

0.015 M CyMe,BTBP
0.005 M TODGA
TPH/1-Octanol: 40/60

Scrub 2
HNO, 1 M

#) )0LICH

FORSCHUNGSZENTRUM

Spent

solvent
A

Strip
HNO, 0.01 M

Extraction j L Scrubbing l Stripping j:
Raffil;ate Feed Scrub 1 Product
HNO, 3 M HNO; 1 M
Oxalic acid 0.3 M Oxalic acid 0.2 M
L-Cysteine 0.05 M L-Cysteine 0.05 M
Element Conc.[mg/L] Element Conc.[mg/L] Element Conc.[mg/L]
Fe 1900 Mo 678 Ni 40
Zr 1071 Cs 542 Cu 19
Na 1600 Ru 356 Cd 15
Nd 718 Ba 259 Ag 12
Ce 567 Sr 177 Sn 11
La 239 Pd 168 Se 10
Pr 223 Te 165 Sb 4.6
Sm 149 Cr 93 Al 2
Gd 51 Y 90 24IAm  trace amounts
Eu 34 Rh 73 244Cm  trace amounts
03.11.2010 152Ey  trace amounts Rb 63
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Batch-tests with simulated HAR-solution OJULICH

FORSCHUNGSZENTRUM

Solvent Scrub 2
0.015 M CyMe,BTBP HNO, 1 M Spent
0.005 M TODGA solvent
TPH/1-Octanol: 40/60 A
Extraction :[ [ Scrubbing 1 Stripping j:
Raffinate Feed Scrub 1 Product Strip
HNO, 3 M HNO; 1 M HNO, 0.01 M
Oxalic acid 0.3 M Oxalic acid 0.2 M
L-Cysteine 0.05 M L-Cysteine 0.05 M

— Voluminous Precipitation
during the extraction with
L-Cysteine

— Precipitation should be
avoided!

03.11.2010
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Batch-tests with simulated HAR-solution OJULICH

FORSCHUNGSZENTRUM

Solvent Scrub 1 Scrub 2
0-%13()'\5/)' I\(zy'IMC?I?)EC;;-I:ABP HNO; 1 M HNO; 1 M Spent
: Oxalic acid 0.2 M L-Cysteine 0.01 M
TPH/1-Octanol: 40/60 Y solvent

Extraction IT Scrub 1 Scrub 2 Stripping
Raffinate Feed Pd- Product Strip
HNO, 3 M fraction HNO, 0.01 M

Oxalic acid 0.3 M

+ No Precipitation!

/

crub Scrub 2

4

03.11.2010 Page 14




Batch-tests with simulated HAR-solution

10

0.1

Distribution ratio D

0.01

0.001

03.11.2010
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Batch-tests with simulated HAR-solution

03.11.2010

Org. phase concentration / [mg/L]
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-@-Pd
—&-Y
—-m-Zr
-+ -Cd

\
\
‘ \
NN N
\\
\\\‘Q\ \\
*___ \t-_______ \ _
1 2 3 4
Stage
Ex | | Scrub1 | | Scrub2 | | strip |
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Batch-tests with simulated HAR-solution

#) )0LICH
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40

Cu
_ A——___ P A—————" A -@®-Ag
= —A-Ni
Eso . —¢-Ru
~ \\
c
o \
5 20 \\
) \
g \
o \
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2 \
Q.10 \\
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S t“““:n
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0 - R v
0 1 2 3 4 5
Stage
| Ex | | Scrubl | | Scrub2 | | Strip

03.11.2010
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Single centrifuge tests #) )0LICH
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Solvent Feed + Scrub 1 Scrub 2
0.015 M CyMe,BTBP HNO, 2 M HNO; 1 M Spent
0.005 M TODGA Oxalic acid 0.25 M L-Cysteine 0.01 M solvent
TPH/1-Octanol: 40/60 A
Extraction/Scrub 1 Scrub 2 Stripping j:
Raffinate Pd- Product Strip
fraction HNO, pH 4

Glycolic acid 0.5 M

= Feed solution a 1:1 mixture of HAR- = Stripping with:
element (3 M HNO; + 0.3 M oxalic acid) = pH4+0.5M glycolic acid
solution and Scrub 1 solution (1 M HNO,
+ 0.2 M oxalic acid)

= pH 3 without complexant

= pH 2 without complexant

= [Extraction test at different flow rates

03.11.2010 Page 18



Experimental setup

Single centrifuge

Syringe pump
org. phase

Test at different flow rates

03.11.2010

Syringe pump
ag. phase

Mixing chamber volume approx. 5.5 mL

#) )0LICH

FORSCHUNGSZENTRUM

Acrylic glass mixing chamber
and housing
Stainless steel rotor
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Extraction test

#) )0LICH
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Flow rate Flow rate Experiment | Total time
org. [mL/h] aq. [mL/nh] time [min] [min]
Ex1 20 40 60 60
Ex2 10 20 60 120
Ex3 5 10 120 240
120
I —=-Am
[ | —©-Eu L = N
100 | /,‘Z‘/ .
Exq Ex2 E(/ Ex3 = Steady-state plateau is
280 s reached after ~3-4 exchanges
g /,sz/ of the mixing chamber volume
g 60 HEGE—-E]’ _
2 / =  After reaching the plateau the
‘§ o w-EEEEE flow rates were changed
(& /
; aﬂl = Efficiency increases with
20 | decreasing flow rate
[ 5000009400000 G-—— 00— G0 —— =0

0

0 50 100 150 200 250
Total time [min]
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Extraction test

#) )0LICH
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Flow rate | Flow rate ag. Distribution ratio SF
org. [mL/h] [mL/h] AM Eu AM/EUu
Ex1 20 40 0.85 0.18 4.7
Ex2 10 20 1.38 0.17 8.1
Ex3 5 10 5.72 0.21 27
e ettt | 123 | oz | s
Distribution ratios D for inactive elements at Ex2 conditions:
Element D Element D Element D
Pd 2.46 Ag 0.74 Cu, Ni, Cd >10
Y 0.39 Mo 0.10 La 0.02
Ce 0.03 Pr 0.04 Nd 0.06
Sm 0.12 Eu 0.16 Gd 0.12
Zr <0.01 | Fe,Ru | <0.10 | XM RP.SKBa CLSN,Sb g 64
Te, Cs

Lanthanides follow the trend reported by Geist et al., Solvent Extr. lon Exch., 2006, 4, 463

03.11.2010
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Scrubbing with L-Cysteine

#) )0LICH
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= Flow rates for the scrubbing and the stripping tests were set to 10 mL/h for both

phases

= Ag. phase was prepared freshly

= All loaded org. phase samples of the extraction test were combined after analysis and

used for the scrubbing test

Distribution ratio

HNO, Complexant
Am Eu Pd Ag
sct | tmow | 9IML 8.36 0.65 0.34 0.55
Cysteine
Equilibrium value by shaking the
content of the mixing chamber 1.84 0.07 0.03 0.06
after Scl.:

= Equilibrium values were not reached in one step, affording a larger number of stages

= Cu, Ni and Cd stayed in the org. phase and were not scrubbed

= Mo, Ru, Y and the Lanthanides were partly back-extracted

03.11.2010
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Stripping #) )0LICH
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Distribution ratio
HNO, pH Complexant
Am Eu
St1 4 0.5 M Glycolic 0.11 0.08
acid
St2 3 - 0.74 0.15
St3 2 - 0.67 0.13
Equilibrium value by shaking the content of the
. _ 0.01 0.01
mixing chamber after St3:

Results:

= Cu, Ni and Cd stay in the org. phase, no contamination of the aq. Phase
= Still some Pd, Ru and Mo in both, the org. and ag. phase

= Little contamination of the ag. Phase with Y and lanthanides

= Slow stripping kinetics

= Best results with glycolic acid at pH 4

03.11.2010 Page 23



Flowsheet of a planned spiked counter- 'JJULICH
current test

Solvent Feed Scrub 1
0.015 M CyMe,BTBP HNO;3 M HNO; 1 M
0.005 M TODGA Oxalic acid 0.3 M Oxalic acid 0.2 M
TPH/1-Octanol: 40/60

[

Extraction IT Scrub 1 Scrub 2
________________________ HNO, 1 M Spent
L-Cysteine 0.01 M solvent
A
Raffinate Fresh Solvent
0.015 M CyMe,BTBP S — [ Ay ————
0.005 M TODGA 3 3
TPH/1-Octanol: 40/60 - _§Er9l1 g e - _S_trlp_pl_n_g_ —_ _j:
. . Pd- Product Strip
= Flowsheet calculations are in fraction T
progress Glycolic ;.Cid 0.5M
= No. of stages for quantitative
extraction of Am/Cm
= No. of stages for quantitative = No. of stages for a sufficient
scrubbing of Pd without loss of separation of coextracted
Am/Cm fission/corrosion products

03.11.2010 Page 24



Conclusions and outlook #) )0LICH
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It is possible to directly extract An(lll) from a PUREX raffinate!
No Precipitation during the extraction

No 3" phase formation

+
+
+
+ Am and Cm are selectively extracted and stripping is possible
+ Ag, Y and Ru can be scrubbed in the scrubbing sections

+ Zr and Mo are masked by oxalic acid

+

Pd is scrubbed by L-Cysteine

— Cu, Ni and Cd are nearly completely extracted and remain in the org. phase

— Solvent clean-up is necessary

= Flow sheet design

= Solvent clean-up studies

= Spiked process demonstration test
= Hot process demonstration test

03.11.2010 Page 25
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