Distribution Category:
Defense Waste Management
(UC-721)

ANL-95/21

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

VALIDATION OF THE GENERIC TRUEX MODEL USING DATA FROM TRUEX
DEMONSTRATIONS WITH ACTUAL HIGH-LEVEL WASTE

by

M. C. Regalbuto, S. Aase, and G. F. Vandegrift
Chemical Technology Division

NI ANRED






DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




L
II.
IIL.

TABLE OF CONTENTS

it




LIST OF FIGURES

Title Page

Stagewise Aqueous and Organic Phase Concentration Profile for Zirconium

in the Extraction/Scrub and Strip Sections. Shown in these figures are

the GTM simulations for 90% stage efficiency for PNC Run 1 (left)

And RUn 2 (TIZHE) c..eeeevrieeereeeeeccieeccrreseteeneeescnconcseesoseonsonaosssssesseenesssassontessensasesnn 9

Stagewise Aqueous and Organic Phase Concentration Profile for Hydrogen

Ion in the Extraction/Scrub and Strip Sections. Shown in these figures are

the GTM simulations for 90% stage efficiency for PNC Run 1 (left) and

Run 2 (right), and the experimental aqueous phase nitric acid concentration

results obtained for these runs .........cccoovviiiiieeirirrniiecrrrrrerre ettt srae e 10

Stagewise Aqueous and Organic Phase Concentration Profile for Oxalate

Ion in the Extraction/Scrub and Strip Sections. Shown in these figures are

the GTM simulations for 90% stage efficiency for PNC Run 1 (left)

and Run 2 (TIHt) .c.cooiiciniiiicneonmnmnnecccnconconcesroccscnsecsseneososesssansessessossessossessossasseons 11

Stagewise Aqueous Phase Concentration Profile for Hydrogen Ion in the
Extraction/Scrub and Strip Sections. Shown in this figure are the GTM

simulation for 90% stage efficiency for Run 1 and the experimental results

obtained for this run .........ccceeeevinerirercrinrnccenennnieneeens eeeerereenate e ee st e et e neaaresens 13

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium in

the Extraction/Scrub Section. Shown in this figure are the GTM simulation

for 90% stage efficiency for Run 2 and the experimental results obtained

FOr thisS TUD ettt ettt srerest e e e s ece s sasaase e s maese s nmncos 14

Stagewise Aqueous and Organic Phase Concentration Profile for Europium in

the Extraction/Scrub Section. Shown in this figure are the GTM simulation

for 90% stage efficiency for Run 2 and the experimental results obtained

for this run .....ccceeeveeeerveneennnne Cereeeeteeeeeeresrarateeseee ettt aeaeaesaeeasaanaaeeeteee rtbne et eeeeseannnsnseaes 14

Stagewise Aqueous and Organic Phase Concentration Profile for Cesium in

the Extraction/Scrub Section. Shown in this figure are the GTM simulation

for 90% stage efficiency for Run 2 and the experimental results obtained

FOr TS TUIL coieeieeece e et e e s seereras e e e e se s nasar e e s e aeeesenrnnnnens 15

Stagewise Aqueous and Organic Phase Concentration Profile for Ruthenium in

the Extraction/Scrub Section. Shown in this figure are the GTM simulation

for 90% stage efficiency for Run 2 and the experimental results obtained

(0] ot 7 ¢ T o AU 15

iv




10.

11.

12.

13.

14.

15.

16.

LIST OF FIGURES (contd)
Title Page

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium as

a Function of Stage Efficiency for the Extraction/Scrub Section. Shown in

these figures are the GTM simulations for 70%, 80%, 90%, and 100% stage

efficiency for Run 2 for the aqueous (left) and organic (right) phase

and the experimental results obtained for this run....ccccceceeeeerercccnnereceicricnnnecocacn 16

Stagewise Aqueous and Organic Phase Concentration Profile for Americium

in the Strip Section. Shown in this figure are the GTM simulation for
americium(III) at 100% stage efficiency for Run 2 and the experimental

results obtained for 241Am plus 238Pu for this Tun........ccceeveeveiieeerceeeieenecereeereene 17

Stagewise Aqueous and Organic Phase Concentration Profile for Plutonium

in the Strip Section. Shown in this figure are the GTM simulation for

plutonium(IV) at 100% stage efficiency for Run 2 and the experimental

results obtained for 239Pu plus 240Pu for this TUn.......cccccvevvviieerirenireeeeeereeceennen. 17

Stagewise Aqueous and Organic Phase Concentration Profile for Curium

in the Strip Section. Shown in this figure are the GTM simulation for

100% stage efficiency for Run 2 and the experimental results obtained

FOr this TUN oo eeree e eree s s ee e e e e e nannes reeensennnnnannnnnennenae 18

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium

in the Strip Section. Shown in this figure are the GTM simulation for

100% stage efficiency for Run 2 and the experimental results obtained

FOT THIS TUIL coiieiiieiiiittinneeeeceetceeeeteeteeseecnnsnsensennsensaseenmereessostassrensooneesascessasasssassassos 18

Stagewise Aqueous and Organic Phase Concentration Profile for Europium

in the Strip Section. Shown in this figure are the GTM simulation for

100% stage efficiency for Run 2 and the experimental results obtained

FOr THIS TUINL <ot e e ee e sraee s s st et e st seae e snnnee s sasansasanssnnas 19

Stagewise Aqueous and Organic Phase Concentration Profile for Ruthenium

in the Strip Section. Shown in this figure are the GTM simulation for

100% stage efficiency for Run 2 and the experimental results obtained

Or this TUI ceiiiiiii ettt ettt e st e e e erer e e st e e e abaa s e s e eeees 19

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium
as a Function of Stage Efficiency for the Strip Section. Shown in these
figures are the GTM simulations for 70%, 80%, 90%, and 100% stage

efficiency for Run 2 for the aqueous (left) and organic (right) phase and




17.

18.

19.

20.

21.

22.

23.

24.

25.

LIST OF FIGURES (contd)
Title Page

Stagewise Aqueous and Organic Phase Concentration Profile for Americium

in the Strip Section. Shown are the GTM simulation for americium(III) at

100% stage efficiency for Run 2 calculated using GTM versions 3.0.1

and 3.1 and the experimental results obtained for 241Am plus

238Dy £OT this TUN ....cvevieeerececeecreriaietereeseeesseseeseteeesesesessseesessssessesessesessssaneesesnasensenes 21

Stagewise Aqueous and Organic Phase Concentration Profile for Curium

in the Strip Section. Shown are the GTM simulation for 100% stage

efficiency for Run 2 calculated using GTM versions 3.0.1 and 3.1 and

the experimental results obtained for this run ........c.ccccovviiiiiniiiiiinininreeene 22

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium

in the Strip Section. Shown are the GTM simulation for 100% stage

efficiency for Run 2 calculated using GTM versions 3.0.1 and 3.1 and

the expéerimental results obtained for this run........cccccivcivnnniiinnciiiciiinniiononncnns 22

Stagewise Aqueous and Organic Phase Concentration Profile for Europium

in the Strip Section. Shown are the GTM simulation for 100% stage efficiency

for Run 2 calculated using GTM versions 3.0.1 and 3.1 and the experimental

results obtained for this run ......ccccceeeeevcencrnvecnnen. rreeserr ettt srn e s abessas e nees oo 23

Stagewise Aqueous and Organic Phase Concentration Profile for Curium
in the Strip Section for Mark 42 Targets .....ccccoovvveieiieriiiciiiineee e 23

Basic TRUEX Flowsheet for Processing Mark 42 Targets from ORNL ................ 24

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium as

a Function of Temperature for the Extraction/Scrub Section. Shown in this

figure are the GTM simulations for 25°C, 35°C, 45°C, and 55°C at 90% stage
efficiency for Run 2 and the experimental results obtained for this run .............. 25

Stagewise Aqueous and Organic Phase Concentration Profile for Europium

as a Function of Temperature for the Extraction/Scrub Section. Shown in this

figure are the GTM simulations for 25°C, 35°C, 45°C, and 55°C at 90% stage
efficiency for Run 2 and the experimental results obtained for this run .............. 25

Stagewise Aqueous and Organic Phase Concentration Profile for Americium

as a Function of Temperature for the Strip Section. Shown in this figure

are the GTM simulations for 25°C, 35°C, 45°C, and 55°C for americium(III)

at 90% stage efficiency for Run 2 and the experimental results obtained

for 241Am plus 238Pu for this TUN ....evreieeecciecieeie ettt re s seens 26




26.

27.

28.

29.

30.

31.

32.

33.

LIST OF FIGURES (contd)
Title : Page

Stagewise Aqueous and Organic Phase Concentration Profile for Plutonium

as a Function of Temperature for the Strip Section. Shown in this figure

are the GTM simulations for 25°C, 35°C, 45°C, and 55°C for plutonium(IV)

at 90% stage efficiency for Run 2 and the experimental results obtained

for 239Pu plus 240Pu fOr this TUN.....cuevrveevereereierereeteeeeesieerenerescessesesessessessesinenns 26

Stagewise Aqueous and Organic Phase Concentration Profile for Curium as

a Function of Temperature for the Strip Section. Shown in this figure are

the GTM simulations for 25°C, 35°C, 45°C, and 55°C at 90% stage efficiency

for Run 2 and the experimental results obtained for thisrun......c.........cccoococcieee. 27

Stagewise Aqueous and Organic Phase Concentration Profile for Cerium as

a Function of Temperature for the Strip Section. Shown in this figure are

the GTM simulations for 25°C, 35°C, 45°C, and 55°C at 90% stage efficiency

for Run 2 and the experimental results obtained for this run ....cccocccveeveerecveencnnn. 27

Stagewise Aqueous and Organic Phase Concentration Profile for Europium
as a Function of Temperature for the Strip Section. Shown in this figure
are the GTM simulations for 25°C, 35°C, 45°C, and 55°C at 90% stage

_efficiency for Run 2 and the experimental results obtained for this run .............. 28

Stagewise Distribution Coefficient Profile for Americium(III) in the

Extraction/Scrub and Strip Sections as a Function of Temperature. Shown

in this figure are the GTM simulations for 35°C, 45°C, and 55°C at 90%

stage efficiency for Rum 2 ......ccoorieiriiiiiicercertee et escsenneeece s e 29

Stagewise Distribution Coefficient Profile for Plutonium(IV) in the

Extraction/Scrub and Strip Sections as a Function of Temperature. Shown

in this figure are the GTM simulations for 35°C, 45°C, and 55°C at 90%

stage efficiency for RUI 2 ...t e e se e e e e e e e e e e e e eaes 29

Stagewise Aqueous and Organic Phase Concentration Profile for Ruthenium

in the Extraction/Scrub Section for a Mixer-Settler and a Centrifugal

Contactor. Shown in this figure are the GTM simulations for a mixer-settler

and a centrifugal contactor at 90% stage efficiency for Run 2 and the

experimental results obtained for this Tun ......c.cccceiiiiiiiiiiiiiniiirreereee e 31

Stagewise Aqueous and Organic Phase Concentration Profile for Ruthenium

in the Strip Section for a Mixer/Settler and a Centrifugal Contactor. Shown

in this figure are the GTM simulations for a mixer-settler and a centrifugal
contactor at 90% stage efficiency for Run 2 and the experimental results

obtained for this TUI .......ccccciiiiiiiiiiiinicircttercte et ocenseaneeas 31




LIST OF FIGURES (contd)
No. Title ' Page

34. Stagewise Aqueous and Organic Phase Concentration Profile for Americium
in the Strip Section. Shown are the americium(IIl) results from the GTM
simulation for the americium strip at 90% stage efficiency for Run 3 and the
experimental results obtained for 241Am plus 238Pu for this run.........ccccceeeu.e.... 32

35. Stagewise Aqueous and Organic Phase Concentration Profile for Plutonium
in the Strip Section. Shown are the plutonium(IV) results from the GTM
simulation for the Am, Np, and Pu strips at 90% stage efficiency for Run 3
and the experimental results obtained for 239Pu plus 240Pu for this run............. 32

36. Stagewise Aqueous and Organic Phase Concentration Profile for Curium
in the Strip Section. Shown are the GTM simulation for the americium
strip at 90% stage efficiency for Run 3 and the experimental results
obtained for this TUD .....ccocoiiiriiieieiereerccereerireeoeconnnecssmnansscsssoreosssnneesossnnnossessassaes 33

37. Stagewise Aqueous and Organic Phase Concentration Profile for Cerium in
the Strip Section. Shown are the GTM simulation for the first americium
strip at 90% stage efficiency for Run 3 and the experimental results
obtained for this I .....cccccieiiiioriirieir e cccriee e crcrercececr e resreeaesesreennrnreeeaeesseasennns 33

38. - Stagewise Aqueous Phase Concentration Profile for Neptunium(IV) and (V)
in the Am, Np, and Pu Strip Section. Shown are the GTM simulation for
90% stage efficiency for Run 3 and the experimental results obtained
FOr ThiS TUIL .eviiiiiiiiiii ettt et st r e e s et e e s cmnces e s nnes 34

39. Stagewise Aqueous and Organic Phase Concentration Profile for Ruthenium
in the Am, Np, and Pu Strip Section. Shown are the GTM simulation for
90% stage efficiency for Run 3 and the experimental results obtained
FOT this TUI ceoeiiiiiiiiiiiiiiiiiecoirrecienccercerruenreeterreereeeceesaseceneeseeseensassensassassnsnsnssnnnnnsennnses 34

viii




LIST OF TABLES

No. Title Page
1. Operating Conditions for PNC's Mixer-Settler Demonstration Runs ................... 3 ;
\
2. Composition of the HAR........cccoieiviiiniiininininicncne s 4 |

3.  Zirconium Concentration Used for the HAR Feed to Achieve Convergence
IN GTM SimMUIAtIONS ...veiireeriiiierreerieiintirieeeecesinneesiecsesstereesessrsocernessassssssessnanresnsnsnsnses 7

ix







VALIDATION OF THE GENERIC TRUEX MODEL USING DATA FROM TRUEX
DEMONSTRATIONS WITH ACTUAL HIGH-LEVEL WASTE

by

M. C. Regalbuto, S. Aase, and G. F. Vandegrift
ABSTRACT

The Generic TRUEX Model (GTM) was used to simulate three
different countercurrent flowsheet tests performed using mixer-settlers that
had been carried out prior to 1993 in the Chemical Processing Facility, Tokai-
works, of the Power Reactor and Nuclear Fuel Development Corporation
(PNC) of Japan. The feed for the PNC runs was the highly active raffinate
from reprocessing of spent fuel from fast breeder reactors. The PNC
demonstration runs were planned without using the GTM. Results predicted
by the GTM and those obtained experimentally by PNC for the three
demonstration runs are compared. Effects of stage efficiency, nitrate
complexation, temperature, and equipment type are also included.




I. INTRODUCTION

The Power Reactor and Nuclear Fuel Development Corporation (PNC) of Japan has
been promoting actinides partitioning studies as part of efforts to develop advanced
reprocessing systems. In the last two decades, PNC has recovered U and Pu from spent
fuel by using the PUREX process. The PUREX process has allowed minor actinides (Am,
Cm, and a fraction of the Np, Pu, and Cm) to remain in the high-level liquid waste (HLLW),
which will be vitrified in their current program.

In recent studies [OZAWA-1992A, OZAWA-1993B, OZAWA-1992C], Ozawa et al.
evaluated the option of separating all actinides from HLLW by using the TRUEX process.
The main purpose of their studies was to verify the ability of the TRUEX process to treat
actual highly active raffinate (HAR) that originated from reprocessing experiments using
spent fuel from fast breeder reactors (FBR). At the Chemical Processing Facility, Tokai-
works, five countercurrent flowsheet tests were conducted in which the TRUEX solvent was
composed of 0.2M CMPO" and 1.0M tributyl phosphate (TBP) in n-dodecane. The feed was
composed of HAR derived from PUREX reprocessing experiments of FBR-Joyo MK-II spent
fuel burned up to ~54,000 MWD/T (megawatt-days per ton) and cooled for 2 to 4 years. The
HAR was used without adjusting its acidity, but small amounts of plutonium and oxalic
acid were added. Oxalic acid was added to inhibit Zr and Mo from coextraction with the
actinides. The countercurrent experiments were conducted in mixer-settlers that had
19 stages for extraction/scrubbing and 16 to 19 stages for stripping and solvent
regeneration. The volume holdup of one stage of the mixer-settler was 23 mL.

The purpose of this report is to compare the results predicted by the GTM
[VANDEGRIFT] and the actual data published by PNC researchers for three of the
countercurrent mixer-settler runs. The comparisons between the GTM predictions and the
PNC measurements are useful in validating the GTM and showing where the model needs
to be improved. They also show the value of the model in designing flowsheets, predicting
extraction behavior, and showing effects of process upsets.

Table 1 shows the flowsheet conditions for three different countercurrent mixer-
settler runs conducted by PNC prior to 1993 [0OZAWA-1992A]. The hydrogen ion
concentration for the feed was 4.0, 4.5, and 7.0M for Runs 1, 2, and 3, respectively. For
Run 2, 0.02M HyC504 was added to the feed, and 238Pu was added as a tracer. The
composition of the HAR is given in Table 2. The values reported by PNC for U, Np, Am,
Cm, and Cs were estimated by using the ORIGEN-II code.

The concentration profiles were obtained for Runs 1, 2, and 3 and were compared to
the predictions made by the GTM for given flowsheet conditions. For Run 1, only a
concentration profile for HNO3 was reported in the literature [0ZAWA-1992B]. Profiles for
Run 2 were obtained from the literature [0ZAWA-1992B, OZAWA-1992C] and personal
communication between Vandegrift and PNC [OZAWA-1993]. For Run 3, information was
obtained from the literature [OZAWA-1992A].

* Octyl(phenyl)-N,N-diisobutylcarbamoylmethylphosphine oxide.
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Table 2. Composition of the HAR?2

Species Concentration, M Species Concentration, M

U(VD) 7.1E-04b Sm 4.5E-04
Np(V) 4.2E-05¢ Eu 6.0E-05
Pu(IV) 6.7E-054 : Cs 2.3E-03
Am 5.0E-04¢ - Sr 5.1E-04

Cm 1.2E-06¢ Zr <3.3E-05¢
Y 3.9E-04 Mo 1.2E-03
La 6.1E-04 Ru 3.1E-03
Ce 1,0E-63 Rh 2.5E-04

Pr 3.0E-04 Pd <1.9E-05¢
Nd 1.7E-03 Te 2.1E-04

aHydrogen ion concentration and additions are shown in Table 1 for each run.
bEstimated value corresponds to 0.5% loss in PUREX processing.

¢Estimated value corresponds to no extraction in PUREX processing.
dArtificially added.

eValue lower than detection limit.



II. SUMMARY

The demonstration runs at PNC were performed without the TRUEX processing
knowledge used in the United States and represented in the GTM. As a result, the PNC
flowsheets had design problems, such as precipitation in the scrub section and not meeting
processing goals in the stripping of plutonium.

Flowsheet conditions for the PNC countercurrent tests were simulated by using
GTM versions 3.0.1 and 3.1. The primary difference between these two versions is that in
version 3.1 we have added nitrate complexes of metal ions to our speciation calculations.
The importance of that addition can be seen in Section IV. Our experience shows
[BATTLES] that nitrate complexes cannot be ignored for high concentrations of rare-earth
fission products in the feed. When nitrate complexes are neglected, the GTM predicts that
far more free nitrate ion will be available than there actually is, causing the calculated
distribution ratios to be much higher. As expected, the best fit was obtained for GTM
version 3.1.

Four different stage efficiencies, 100%, 90%, 80%, and 70%, were simulated, and we
concluded that the extraction/scrub section could best be simulated by 90% and the strip
section by 100% efficiency. Fitting of the strip section data was less accurate. The GTM's
predictions were compared to the results reported by PNC researchers [OZAWA-1992A,
OZAWA-1992B, OZAWA-1992C, OZAWA-1993]. Species measured by PNC in the three
runs were HNOg, 242Cm, 244Cm, 241Am plus 238Pu, 239Py plus 240Puy, 237Np, 144Ce, 155Euy,
137Cs, 1258p, 957r, and 196Ru. The concentration of 95Zr was always under the detection
limits. To validate the accuracy of the GTM for designing and simulating TRUEX
processes, we compared the stagewise concentration profiles reported by PNC researchers
to those predicted by the GTM (see Section III).

During our simulation, we encountered convergence problems in the modeling of the
PNC demonstrations. These problems were traced to unrealistic zirconium concentrations
being calculated for some of the stages. In our opinion, this problem occurred because PNC
added inappropriate amounts of oxalic acid to the extraction and scrub sections. In general,
oxalic acid is added to the feed to minimize the extraction of Zr, Mo, and Ru. Although the
concentration of 95Zr was under the detection limits in the PNC simulations, it is very
likely that in the actual demonstrations, zirconium and perhaps other metal salts were
"pinched" in the scrub and strip sections. Pinching means that the extraction factor is >1 in
the first stage of a section and <1 in the last stage of the same section. Therefore, the
concentration of these metals increased in both phases in all stages of the given section.
Precipitation of oxalate was noted in the first PNC run [OZAWA-1992A]. In our effort to
model the PNC runs, we lowered the concentration of zirconium in the feed, when
necessary, to avoid convergence problems in the GTM. With 100% stage efficiency, the
reduction in zirconium concentration was as high as eleven orders of magnitude for run 1,
three orders of magnitude in run 2, and two orders of magnitude in run 3. Lowering the
stage efficiency made these reductions less severe. At 90% stage efficiency, run 2 could be
modeled with no reduction in zirconium feed concentration, but run 1 still required a
reduction by nine orders of magnitude, and run 3 still required a reduction by two orders of
magnitude.




In general, the results of our GTM simulation agree fairly well with the PNC
experimental results for the extraction/scrub section. Predictions by the GTM for the rare
earths were extremely accurate. For cesium, which is not extracted, the GTM's smallest
distribution ratio (or D value) is set by convention at 1x 10-3. According to the PNC
experimental data, this value should be 1 x 10-4. For the case of ruthenium, comparison to
the PNC experimental results indicates that the GTM is inaccurate if we assume that the
ruthenium species are equilibrated. In calculating the distribution ratio of ruthenium in a
stage, the GTM takes into account the type of contact equipment used by assuming that the
contact time is a matter of a few seconds (a centrifugal contactor) or a minute or more
(pulsed columns and mixer-settlers). The difference in modeling these types of contacting
equipment is that we assume that (1) in a pulsed column or mixer-settler, the contact time
between the organic and aqueous phases is long enough that ruthenium species have time
to equilibrate, and (2) in the centrifugal contactor, no reequilibration can occur, and the
speciation that is present in the feed remains constant throughout the flowsheet. To
improve modeling of ruthenium behavior, we will need to collect extensive experimental
data to model its distribution coefficient. This effort is not in our near-term plans.

For the strip section, simulated results generated by using version 3.1 of the GTM
compare well with the experimental results reported by PNC researchers for curium and
the rare earths. Calculational and experimental results for plutonium and neptunium
showed less agreement than for the rare earths. The GTM assumes specific oxidation
states for its calculations [Pu(III) or (IV) and Np(IV) or (V)]; the PNC data are reported as
specific isotope concentrations only. Comparison of the experimental results and the GTM
simulation for Pu(III) and Pu(IV) shows that experimental results are in better agreement
with the Pu(IV) simulation. Neptunium stripping results in Run 3 are fitted much better
by the GTM by assuming Np(IV) rather than Np(V). For the case of americium, predicted
and experimental results were hard to compare. The americium experimental results were
reported as 241Am and 238Pu since their alpha particle energies are very similar. In the
case of the GTM, results are given for americium.

The effect of temperature was alsc calculated during the GTM simulation.
Increasing the temperature has an adverse effect on the extraction section for Am, Cm, and
the rare earths, because it decreases their distribution ratios, thus increasing their
concentrations in the aqueous phase. For the strip section, an increase in temperature also
decreases the distribution ratio, but, in this case, a lower distribution ratio increases the
effectiveness of the strip section, lowering the organic phase concentration of those
components that exit the strip section. The temperature effect on the plutonium
distribution ratio was indirect. Although the effect of temperature on the distribution ratio
for plutonium is too small to be included in the model that calculates the D value, a
decrease in the distribution ratio for americium and the rare earths as the temperature
increases will affect the concentration of plutonium in the aqueous phase. Because the
process temperature was not controlled in the PNC runs, we looked at the effect that
process temperature would have on the flowsheets. Results generated by the GTM show
that 25°C gives the best fit for the extraction/scrub section and >55°C gives the best fit for
the strip section.




ITII. GTM FLOWSHEET SETUP

Flowsheet conditions for PNC's countercurrent tests, given in Table 1, were
simulated using the GTM [VANDEGRIFT] version 3.0.1. The HAR feed composition was as
shown in Table 2. Since no information was available regarding stage efficiency for the
mixer-settlers used by PNC, we simulated four different stage efficiencies, 100%, 90%, 80%,
and 70%, to identify which stage efficiency best simulated the PNC experiments.

Convergence problems were encountered in modeling the PNC runs. These
problems occurred, in our opinion, because PNC added inappropriate amounts of oxalic acid
to the extraction and scrub sections in all runs. In general, oxalic acid is added to the feed
to minimize the extraction of Zr and Ru. Although the concentration of 95Zr was under the
detection limits in the PNC runs, it is very likely that in the actual demonstrations,
zirconium and perhaps other metal salts were pinched” in the scrub and strip sections.
Precipitation of oxalate was noted in the first PNC run [OZAWA-1992A]. In our effort to.
model the PNC runs, we lowered the concentration of zirconium in the feed, when
necessary, to avoid convergence problems in the GTM. Given in Table 3 are the values used
for zirconium in the HAR feed to model each run using the GTM.

Table 3. Zirconium Concentration Used for
the HAR Feed to Achieve Conver-
gence in GTM Simulations

Run Stage Efficiency, % [ZrO2+], M2

1 100 3.30E-16
90 3.30E-14
80 3.30E-12
70 3.30E-12
2 100 3.30E-08
90 3.30E-05P
80 3.30E-05P
70 3.30E-05P
3 100 3.30E-07
90 3.30E-07
80 3.30E-07
70 3.30E-07

aZirconium composition for the HAR
used in all PNC runs was 3.3E-05M.

bSame value as in PNC Run 2.

* Pinching means that the extraction factor was >1 in the first stage of a section and <1 in the last
stage of the same section. Therefore, the concentration of these metals increased in both phases in
all stages of the given section.




The GTM did not converge in these cases because a large zirconium buildup in the
scrub section caused the calculation to predict unrealistic aqueous phase compositions in
that section for all stage efficiencies and in the strip section for Run 2 at 100% stage
efficiency. To understand these pinching problems, it is necessary to look at the zirconium,
hydrogen ion,* and oxalate concentration profiles. In Fig. 1, we show the concentration
profile for zirconium in Runs 1 and 2 at 90% stage efficiency. Notice how zirconium is being
pinched in the scrub (stages 9-19) in Run 1 and in the strip (stages 20-35) in Run 2. When
no fluoride is present in the feed, the distribution ratio for zirconium can be written in
terms of the activity of nitrate (which is a function of HNOg3 concentration), and the
concentration of free zirconium (which is a function of oxalate concentration). The
concentration profile for hydrogen ion for Run 1 and 2 at 90% stage efficiency is given in
Fig. 2. Also shown in this figure is the experimental aqueous phase concentration profile
obtained by PNC. The concentration profile for oxalate ion for Run 1 and 2 at 90% stage
efficiency is given in Fig. 3.

In Run 1, the concentration of both hydrogen ion and oxalate in both phases remains
constant in the extraction section (left side in Figs. 2 and 3). The distribution coefficient for
zirconium (Dz,) in this section increases from 57 to 73 between stage 1 and stage 8. The
organic to aqueous flow ratio (O/A) for this section is 0.37. So, for the extraction section, the
extraction factor for zirconium, defined as the product of the O/A ratio and Dz, is much
greater than one — causing zirconium to report to the organic phase (left, Fig. 1). For the
scrub section, the acid aqueous phase concentration decreases, causing the distribution
coefficient for zirconium to decrease from 37 in the first scrub stage to 0.001 in the last
stages. The extraction factor goes from being much greater than one in the first stages of
the scrub to being much less than one in the last stages of the scrub, causing zirconium to
build up in both phases.

In Run 2, the buildup in zirconium is not seen in the scrub, but in the strip section
(right, Fig. 1). For this case, enough oxalate was present in the feed (right, Fig. 3) to
prevent the extraction of zirconium (indicated by the constant concentration profile in
stages 1 to 8 in the left half of Fig. 1). Much of the oxalate was scrubbed from the organic
phase in the latter scrub stages. As the oxalate concentration continues to decrease in the
strip section (right, Fig. 3, stages 20-35), the concentration of uncomplexed zirconium
increases, causing the distribution coefficient to increase and the extraction factor to
become greater than one as a result of the high concentration of nitrate in the aqueous
phase. Because the nitric acid concentration is decreasing in the strip section (right, Fig. 2,
stages 20-35), the decreasing effect of nitrate on the zirconium distribution coefficient
quickly overcomes the maximum effect of free or uncomplexed zirconium equaling the total
zirconium present in the aqueous phase. As the distribution coefficient for zirconium
begins to decrease, the extraction factor becomes less than one. Therefore, the extraction
factor goes from being much greater than one, in the first stage of the strip section, to being
much less than one, in the last stages of the strip section, causing zirconium to build up in
both phases.

* In the GTM, this includes free [H*] and hydrogen associated with all acidic species (i.e., HoC20y,
HC504, HF, etc.).
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Fig. 1. Stagewise Aqueous and Organic Phase Concentration Profile for Zirconium in
the Extraction/Scrub and Strip Sections. Shown in these figures are the GTM
simulations for 90% stage efficiency for PNC Run 1 (left) and Run 2 (right).

The version of the GTM used in the initial simulation, version 3.0.1, did not account
for nitrate complexation. As a result, the GTM overestimated the amount of rare earths
being stripped. In the new version of the GTM, version 3.1, we have added nitrate
complexation, and we no longer overestimate stripping for the rare earths. The two
versions are compared in the next section.
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Fig. 2. Stagewise Aqueous and Organic Phase Concentration Profile for Hydrogen Ion
in the Extraction/Scrub and Strip Sections. Shown in these figures are the
GTM simulations for 90% stage efficiency for PNC Run 1 (left) and Run 2
(right), and the experimental aqueous phase nitric acid concentration results
obtained for these runs.
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IV. RESULTS AND COMPARISONS

The simulation results were compared to all the results reported by PNC
researchers prior to 1993 [OZAWA-1992A, OZAWA-1992B, OZAWA-1992C, OZAWA-1993].
Stagewise data were collected on the behavior of nitric acid and several fission-product and
actinide radioisotopes during their runs; Run 2 was the best documented and the one with
which most comparisons were made. Species measured by PNC in the three runs were
HNO3, 2420m, 244Cm, 241Am plus 239Pu, 239py plus 240Pu, 237Np, 144Ce, 155Eu, 137Cs,
1258}, 95Zr, and 106Ru. The concentration of 95Zr was always under the detection limits.
In general, the GTM predictions correlated well with experimental results for the runs,
especially for the rare-earth fission products, americium, and curium. Differences between
model predictions and experimental data were analyzed in terms of the process chemistry
and demonstration conditions.

The PNC experimental results were reported in becquerels per milliliter (Bg/mL),
while the GTM results are obtained in moles per liter (M). To compare the two profiles, we
converted the GTM results to the equivalent values in becquerels per milliliter. Many of
the PNC results were reported as either specific isotope concentrations or as a combination
of two isotopes, and since the ratio of these isotopes was not reported, it was not possible to
convert the concentration profiles by using specific activities. The GTM always assumes
specific oxidation states for its calculations, so to compare the results for the
extraction/scrub section, (1) we took an average of the ratio of the concentration reported by
PNC in the organic phase of either the extraction or scrub section (depending on the
component, whichever was almost a constant) and that predicted by the GTM and then
(2) multiplied the concentration profile predicted by the GTM for both phases in the
extraction/scrub section by the ratio calculated in (1). We then compared the simulated
profiles to the PNC results. To compare the strip section, (1) we took the ratio of the
organic concentration reported by PNC in the first stage and that predicted by the GTM for
that stage and section and then (2) multiplied the concentration profile predicted by the
GTM for both phases in the whole strip section by the ratio calculated in (1). We then
compared the simulated profiles with the PNC results. When PNC reported no values in
the first organic stage for the strip, the next available stage was used.

A. Runl

The only results reported in the literature for Run 1 are for nitric acid concentration
in the aqueous phase [0ZAWA-1992B]. In Fig. 4, we have plotted the molar concentration
of hydrogen ion in the aqueous phase predicted by the GTM versus the stage number for
90% stage efficiency. Also shown in this plot is the experimental concentration profile given
by PNC [OZAWA-1992B], identified as [HNO3]. The GTM predictions shown in Fig. 4 were
calculated by using version 3.1 of the GTM, which includes nitrate complexation.

Figure 4 indicates some discrepancies between the GTM and PNC results. Because
we are unfamiliar with the way in which this nitric acid profile was obtained experi-
mentally, it is difficult to establish a reason for this discrepancy. We can only speculate
that there could have been an error when the aqueous phase solution was titrated. Many
metals in solution hydrolyze, and their effect needs to be accounted for when calculating the
experimental results.
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B. Run 2

1. Extraction/Scrub and Strip Results

We analyzed in detail the results reported for Run 2 [OZAWA-1992B,
0OZAWA-1992C, OZAWA-1993], since most of the PNC results published are for this run.
Version 3.0.1 of the GTM was used to simulate the results given in this section (VI.B.1).
The extraction/scrub profiles for Ce, Eu, Cs, and Ru obtained by the GTM for Run 2 are
given in Figs. 5-8. In these figures, we have plotted the concentration predicted by the
GTM versus the stage number for both aqueous and organic phases in the extraction/scrub
sections. Also given in these plots are the experimental concentration profiles reported by
PNC. All figures correspond to a stage efficiency of 90%; after simulating four different
stage efficiencies, 100%, 90%, 80%, and 70%, we concluded that 90% would most accurately
simulate the extraction/scrub section of the experiments. In Fig. 9, we compare the
concentration profiles obtained for cerium using the GTM at four different stage efficiencies
versus the PNC experimental results. A stage efficiency of 90% best describes the
experimental results for both aqueous and organic phases. Similar results were obtained
for Eu and Cs in the extraction/scrub section. For ruthenium, the GTM predicted that it
would be extracted, but the PNC experimental results indicated the contrary (Fig. 8);
therefore, ruthenium was not used to establish a stage efficiency for the extraction/scrub
section.
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Fig. 9. Stagewise Aqueous and Organic Phase Concentration Profile for Cerium as a
Function of Stage Efficiency for the Extraction/Scrub Section. Shown in these
figures are the GTM simulations for 70%, 80%, 90%, and 100% stage efficiency for
Run 2 for the aqueous (left) and organic (right) phase and the experimental results
obtained for this run.

For the extraction/scrub section, the results of our GTM calculations fit the
experimental data fairly well, in general (Figs. 5, 6, and 7). For Ce and Eu, the GTM
predicts the same behavior for both components (Figs. 5 and 6) because it uses the same
model to calculate distribution coefficients for all the rare earths. Prediction by the GTM
for the rare earths is extremely accurate (Figs. 5 and 6). For cesium (Fig. 7), which is not
extracted, the GTM's smallest D value is set by convention at 1 x 103. According to the
PNC experimental data, this value should be 1 x 10-4. For ruthenium, as discussed above,
the GTM predicted that it would be extracted, but comparison to the PNC results (Fig. 8)
indicates that the GTM's model is inaccurate, if we assume that the ruthenium species are
equilibrated. The distribution coefficient for ruthenium is a function of the contact time;
therefore, it is dependent on the type of equipment used. The effect of the different contact
times (or equipment type) is covered in detail in Section IV.B.4.

For the strip section, the profiles obtained by the GTM for Run 2 are given in
Figs. 10-15. In these figures, we have plotted the concentration predicted by the GTM
versus the stage number for both aqueous and organic phases. Also given in Figs. 12
through 15 are the experimental concentration profiles reported by PNC. Note that in
Figs. 10 and 11, Am and Pu experimental results are reported as a combination of 241Am
plus 238Pu (Fig. 10) and 239Pu plus 240Pu (Fig. 11). Since the ratio of these isotopes was not
reported, it was not possible to simulate the different isotopes. For the GTM simulation, it
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was assumed that all the americium was Am3+ and all the plutonium was Pui+,
Concentration profiles obtained by the GTM under that assumption are given in Figs. 10
and 11. All figures reported for the strip section correspond to a stage efficiency of 100%.
After simulating four different stage efficiencies, 100%, 90%, 80%, and 70%, we concluded
that 100% best simulated the strip section of the PNC experiments. In Fig. 16, we compare
the concentration profiles obtained for cerium using the GTM at four different stage
efficiencies with the PNC experimental results. Notice in Fig. 16 how a stage efficiency of
100% best describes the experimental results for both aqueous and organic phases.
Although similar results were obtained for Am, Cm, Ce, and Eu, fitting of the strip section
data was less accurate. As for the extraction section, ruthenium was not used to establish
stage efficiency.

For the strip section, the comparison indicates that the GTM underestimates
americium stripping in the presence of high concentrations of rare earths (Fig. 10). This
problem was also found in modeling the Mark 42 targets from Oak Ridge National
Laboratory (ORNL) [BATTLES]. The comparison between the GTM and the PNC
experimental results for plutonium are given in Fig. 11. The discrepancy in the results
occurred because we assume that all the plutonium exiting the scrub section was Pu(IV).
By assuming that all the plutonium entering the strip section has been reduced to Pu(III),
we would obtain a concentration profile for the strip, for both the organic and the aqueous
phase, very much like those obtained for Am(III) (Fig. 10). Results similar to those for Am
were obtained for Cm, Ce, and Eu (Figs. 12-14). The underestimation of Am, Cm, and
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Fig. 16. Stagewise Aqueous and Organic Phase Concentration Profile for Cerium as a
Function of Stage Efficiency for the Strip Section. Shown in these figures are
the GTM simulations for 70%, 80%, 90%, and 100% stage efficiency for Run 2
for the aqueous (left) and organic (right) phase and the experimental results
obtained for this run.
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rare-earth stripping occurred because the nitrate activity in the aqueous strip solutions was
overestimated. We were ignoring the rare earth-nitrate complexes, which act to lower the
available uncomplexed, or free, nitrate. Nitrate complexation was added to the GTM in
version 3.1. Results reflecting the inclusion of nitrate complexation are given in the next
section.

The differences between GTM predictions and the PNC results for stripping
of rare earths, Am, and Cm could also be explained if the flow rate in the aqueous strip
solution was higher than reported in Table 1. As we did for stage efficiency, different
aqueous strip flow rates could be simulated to find which best described the PNC
experimental results for this section.

2. Nitrate Complexation

All the flowsheets results given in Section IV.B.1 (Figs. 5-16) were simulated
by using GTM version 3.0.1, which did not account for nitrate complexation. By including
nitrate complexes in version 3.1, we have significantly improved the GTM's fit to the PNC
stripping data for Am, Cm, Ce, and Eu, as shown in Figs. 17-20.

We have also included in Fig. 21, for comparison purposes, the curium
concentration profile calculated by both versions of the GTM for the TRUEX flowsheet
used for processing the Mark 42 targets from ORNL [BATTLES]. The basic TRUEX
flowsheet for processing the Mark 42 targets is given in Fig. 22. The experimental values
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For one segment of Mark 42 targetin 15 L of DF feed, expected concentationsare:

0.016M Al 0.064M Mg 0.021M Ru 0.003M Am
0.003M Cd 0.048M Nd 0.019M Zr 0.003MCm
0.004M Cu 0.024M Pd - 0.011M Pu

Fig. 22. Basic TRUEX Flowsheet for Processing Mark 42 Targets
from ORNL. The symbol "REs" represents "rare earths."”

obtained for the first strip section by ORNL when processing their basic TRUEX flowsheet
[FELKER] are shown in Fig. 21. Note the improved accuracy of the results predicted by
version 3.1, which includes nitrate complexation.

3. Temperature

Temperature effects on the concentration profile for Run 2 at 90% stage
efficiency can be seen in Figs. 23 and 24 for the extraction section for Ce and Eu, and in
Figs. 25-29 for the strip section for Am, Pu, Cm, Ce, and Eu. All temperature effects were
modeled using version 3.1 of the GTM. Since our fit of the extraction/scrub section was
more accurate than our fit of the strip section, for consistency all flowsheet calculations
were done using 90% stage efficiency for all sections (instead of using 90% for the
extraction/scrub and 100% for the strip). Increasing the temperature decreases the
distribution coefficient calculated by the GTM for Am, Cm, and the rare earths (Ce and Eu),
A stagewise profile of the distribution coefficient for americium as a function of
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Fig. 23. Stagewise Aqueous and
Organic Phase Concentration
Profile for Cerium as a
Function of Temperature for
the Extraction/Scrub Section.
Shown in this figure are the
GTM simulations for 25°C,
35°C, 45°C, and 55°C at 90%
stage efficiency for Run 2 and
the experimental results
obtained for this run.
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stage efficiency for Run 2
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Fig. 26.

Stagewise Aqueous and
Organic Phase Concentration
Profile for Americium as
a Function of Temperature
for the Strip Section. Shown
in this figure are the
GTM simulations for 25°C,
35°C, 45°C, and 55°C for
americium(III) at 90% stage
efficiency for Run 2 and the
experimental results obtained
for 241Am plus 238Pu for this
run. '

Stagewise Aqueous and
Organic Phase Concentration
Profile for Plutonium as
a Function of Temperature
for the Strip Section. Shown
in this figure are the
GTM simulations for 25°C,
35°C, 45°C, and 55°C for
plutonium(IV) at 90% stage
efficiency for Run 2 and the
experimental results obtained
for 239Pu plus 240Pu for this
run.
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Fig. 29. Stagewise Aqueous and
Organic Phase Concentration
Profile for Europium as a
Function of Temperature for
the Strip Section. Shown in
this figure are the GTM simu-
lations for 25°C, 35°C, 45°C,
and 55°C at 90% stage
efficiency for Run 2 and the
experimental results obtained
for this run.
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23 26 29
Stage Number

temperature is shown in Fig. 30. Similar results to those in Fig. 30 are obtained for curium
and the rare earths. No temperature effects are seen for Cs and Ru since the GTM doesn't
account for temperature dependence for these two components because the effects are too
small.

Increasing the temperature has an adverse effect on the extraction section for
Am, Cm, and the rare earths because it decreases their distribution ratios, thus increasing
their concentrations in the aqueous phase. For the strip section, an increase in
temperature also decreases the distribution ratio, but in this case a lower distribution ratio
increases the effectiveness of the strip section, lowering the organic phase concentration
that exits the strip section for the given components.

The effect of temperature on the plutonium distribution ratio is indirect.
Although its effect on the distribution ratio for plutonium is too small to be included in the
model that calculates the D value, a decrease in the distribution ratio for americium and
the rare earths as the temperature increases will affect the concentration of plutonium in
the aqueous phase. This indirect effect of temperature on the plutonium distribution
coefficient can be seen in Fig. 31.

4. Equipment Type

Simulations using the GTM reported in the previous sections were generated
by specifying a mixer-settler as the contacting equipment. Contact equipment type affects
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: Fig. 30. Stagewise Distribution Coeffi-
cient Profile for Americium(III)
in the Extraction/Scrub and
Strip Sections as a Function
of Temperature. Shown in
this figure are the GTM
simulations for 35°C, 45°C,
and 55°C at 90% stage effici-
ency for Run 2.
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the way distribution coefficients are calculated in the GTM for Ru and Fe, since these
components have a kinetic effect in their distribution ratio models. Iron was not present in
the PNC feeds. In calculating the distribution ratio of ruthenium in a stage, the GTM takes
into account the type of contact equipment used by assuming that the contact time is a
matter of a few seconds (a centrifugal contactor) or a minute or more (pulsed columns and
mixer-settlers). The difference in modeling these types of contacting equipment is that we
assume that (1) in a pulsed column or mixer-settler, the contact time between the organic
and aqueous phases is long enough that ruthenium species have time to equilibrate, and
(2) in the centrifugal contactor, no reequilibration can occur, and the speciation that is
present in the feed remains constant throughout the flowsheet.

In Figs. 32-and 33, we compare the concentration profile for ruthenium for
Run 2 at 90% efficiency for both a mixer-settler and a centrifugal contactor. As in the case
of temperature effects, all flowsheets were simulated using version 3.1 of the GTM, and, for
consistency, 90% stage efficiency was used for all sections. Figure 32 shows the profiles for
the extraction/scrub section, and Fig. 33 shows those for the strip section. These profiles
imply that the distribution coefficient applied by the GTM for ruthenium should be lower
for the extraction/scrub section and higher for the strip section.

C. Run 3

Analyses of the results reported for Run 3 are given only for the strip section, since
those were the only results available in the literature [0ZAWA-1992A]. The strip profiles
produced by the GTM for this run are given in Figs. 34-39. For these figures, we have
converted the molar concentration predicted by the GTM into units of becquerels per
milliliter (as described at the beginning of Section IV) and plotted these concentrations
versus the stage number for both aqueous and organic phases. Also given in these plots are
the experimental concentration profiles reported by PNC. All flowsheets simulated for this
run were done using version 3.1 of the GTM, and, for consistency, 90% stage efficiency, was
used for all sections.

The operating conditions for PNC's Run 3 differ from those of Run 1 and Run 2.
Run 1 and Kun 2 were set up so that there was only a plutonium strip, whereas Run 3 was
set up so that there were four strips: Am (stages 20-24), Np (stages 25-29), Pu
(stages 30-34), and U (stages 35-39) (Table 1).

In Figs. 34 and 35, we show the concentration profiles obtained for Am and Pu using
the GTM. As in the case of Run 2, the concentration profiles reported by PNC are given as
a combination of 241Am plus 238Pu for one case (Fig. 34) and 23%Pu plus 240Pu for the other
case (Fig. 35). Since the ratio of these isotopes was not reported, it was not possible to
report our GTM results as a combination. Instead, concentration profiles are given for
Am(IIT) and Pu(IV) (Figs. 34 and 35, respectively).

Results for the americium strip can be seen in stages 20 to 24 in Figs. 34-39. The
simulation results indicate that Am, Cm, Ce, Np, and Ru are all stripped in this section.
The plutonium concentration in the organic phase is predicted to remain constant
throughout this section. The predictions from the GTM are consistent with the PNC results
except for ruthenium. Asin Run 2, assuming a centrifugal contactor as the equipment type
would improve the fit.
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Fig. 32.

Fig. 33.

Stagewise Aqueous and
Organic Phase Concentration
Profile for Ruthenium in the
Extraction/Scrub Section for a
Mixer-Settler and a Centri-
fugal Contactor. Shown in this
figure are the GTM simu-
lations for a mixer-settler and
a centrifugal contactor at 90%
stage efficiency for Run 2
and the experimental results
obtained for this run.

Stagewise Aqueous and
Organic Phase Concentration
Profile for Ruthenium in the
Strip Section for a Mixer-
Settler and a Centrifugal
Contactor. Shown in this
figure are the GTM simu-
lations for a mixer-settler and
a centrifugal contactor at 90%
stage efficiency for Run 2
and the experimental results
obtained for this run.
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Fig. 36.

Fig. 37.

Stagewise Aqueous and
Organic Phase Concentration
Profile for Curium in the Strip
Section. Shown are the GTM
simulation for the americium
strip at 90% stage efficiency for
Run 3 and the experimental
results obtained for this run.

Stagewise Aqueous and
Organic Phase Concentration
Profile for Cerium in the Strip
Section. Shown are the GTM
simulation for the americium
strip at 90% stage efficiency for
Run 3 and the experimental
results obtained for this run.
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Fig. 38.

Fig. 39.

Stagewise Aqueous Phase
Concentration Profile for
Neptunium(IV) and (V) in the
Am, Np, and Pu Strip Section.
Shown are the GTM simu-
lation for 90% stage efficiency
for Run 3 and the experimental
results obtained for this run.

Stagewise Aqueous and
Organic Phase Concentration
Profile for Ruthenium in the
Am, Np, and Pu Strip Section.
Shown are the GTM simu-
lation for 90% stage efficiency
for Run 3 and the experimental
results obtained for this run.
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Results for the neptunium strip can be seen in stages 25 to 29 and for the plutonium
strip in stages 30 to 34 in Figs. 35, 38, and 39. For the neptunium strip, 0.1M HAN
(hydroxyammoniumnitrate) was added to the feed for Np(V) to be reduced to Np(IV) and
Pu(IV) to be reduced to Pu(Ill). An aqueous phase profile for both Np(IV) and Np(V) is
given in Fig. 38. For Pu(Ill), a profile similar to that of Am(III) (Fig. 34) was obtained. The
GTM's predictions indicate that Np(IV) will not be stripped in the neptunium strip and
Pu(III) will not be stripped in the plutonium strip, under the given design conditions
(Figs. 34 and 38).
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