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FOREWORD

This is the third in a series of progress reports to be issued on
the Actinide Partitioning and Transmutation Program, which is a multi-
sife effort coordinated at the Oak Ridge National Laboratory. Previous
reports in this series were issued as ORNL/TM-5888 and ORNL/TM-6056.
The overall program objective is to evalﬁate the feasibility and
incentives for partitioning (separating) the long-lived biologically
significant isotopes from fuel cycle wastes and transmuting (burning)
them to shorter-lived or stable isotopes in power reactors.

During FY 1977 and 1978, the principal emphasis will be on the
experimental evaluation of partitioning actinides, followed by their
recovery in forms suitable for fabrication into transmutation targets.
Detailed computer analyses will be undertaken to determine the effects
on reactor and fuel cycle operations of recycling the partitioned
actinides and to further verify the feasibility of transmutation itself.
In FY 1979 the major effort will be directed toward a detailed assess-
ment of the costs, risks, and benefits associated with this concept.
The program is expected to produce: (1) realistic reprocessing and
refabrication flowsheets which have been at least partly verified by
experimental work, (2) several realistic transmutation schemes based
on sophisticated reactor physics calculations, (3) an evaluation of
partitioning and transmutation impacts on all phasesAof the nuclear
fuel cycle, (4) a meaningful risk-cost-benefit analysis, and (5) a
program plan for future development and demonstration requirements for
eventual implementation in commercial operations. This analysis should
constitute a reasonably firm technical basis for determining whether
partitioning-transmutation represents a viable waste management
alternative for managing long-lived waste nuclides that are generated .
by a nuclear power economy.

The program consists of 16 major tasks. This report summarizes
the work done on those that were active during the period July 1-

September 30, 1977.
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xi
SUMMARY

In PUREX PROCESS MODIFICATIONS, two cold runs with mixer-settlers
were made on the extraction and stripping of ruthenium and zirconium
without the presence of uranium. Two percent of the ruthenium and 7% of
the zirconium were extracted using 8 extraction and 8 scrubbing stages.
After 16 stages of stripping with 0.1 M HNO;, about 1% of the ruthenium
and 4% of the zirconium remained in the organic phase. ‘he use of 0.L M
nitrite in the 3 M HNOj; reduced the extent of ruthenium extraction from
2% to 1%. The poor stripping behavior of plutonium reported in ORNL/TM-6056
last quarter in batch countercurrent tests apparently resulted from radio-
lytically generated dibutyl phosphoric acid in the aged (>2-day) organic
feeds.

Efforts in ACTINIDE RECOVERY FROM SOLIDS this quarter were directed
toward the determination of dissolution parametérs in various reagents
for 2*'Am and 23°Pu oxide mixtures, 233y oxide, 237Np oiide,lZQQCm ox{ae,
232Th.oxide, and PuO;. The reagents used were various concentrationé of:
HNO3;-HF-H,S504, HNO3-(NH;)2Ce(NO3)g, HNO3-HF, and HNO3. Tests were conducted
using both simulated contaminated HEPA filter media and actual glove-box
filter media from spent filters. The maximum decontamination factor
achieved was 833 using a six-stage dissolution process. Fusion tests were
also completed using PuO, and Na;CO3 at various elevated temperatures.

Studies in AMERICIUM-CURIUM RECOVERY WITH OPIX, TALSPEAK, and CEC
focused on the feasibility of forming oxalate precipitates in continuous
systems, the effects of zirconium on Talspeak, and methods for removing
solvent degradation products of the Talspeak system. In oxalate precip-
itation, it appears that the oxalate yields increase with the residence
time in a stirred precipitator; by using two stirred tank reactors in series,.
product yields of 90 wt %Z of the feed were obtained. Results of the Talspeak
studies showed that the rare earths could be effectively extracted in the
first cycle; no entrainment in the product streams was observed when
zirconium concentrations of 107" M or less were present in the feed, but
interfacial crud formed in the first stage of the stripping bank. The

reference flowsheet was changed to show 0.4 M HDEHP where flow ratios of

extractant:feed:scrub of 2:1:1 could be employed. Scoping tests showed



xii

that Dowex-l anion exchange resin was effective in removing HoMEHP from
ethylene glycol scrub liquid, thus permitting its recycle.

In studies of AMERICIUM-CURIUM RECOVERY USING BIDENTATE EXTRACTANTS,
additional distribution coefficients for actinides and other key elements
between reduced synthetic LWR waste solution and 30% dihexyl-N,N-diethyl-
carbamylmethylene phosphonate (DHDECMP) in diisopropylbenzene (DIPB)
were measured. Distribution coefficients for extraction, scrub, and strip
contacts for americium between cadmium-modified synthetic HAW and 30%
DHDECMP in DIPB were also obtained. Distribution coefficients for Cf(III)
between 30% DHDECMP in DIPB and various concentrations of nitric acid have
been determined. Diluent scoping studies indicate that kerosene mixtures
with p-DIPB are slightly better diluents for DHDECMP compared with
technical-grade DIPB. Further efforts to obtain pure (>99%) DHDECMP have
been made using preparative liquid chromatography.

Studies in AMERICIUM-CURIUM RECOVERY USING INORGANIC ION EXCHANGE
MEDIA to determine the pH dependence of lanthanide ion affinity for niobate,
titanate, and zirconate ion exchange materials have been completed. The
affinities of europium, gadolinium, and promethium (in addition to lanthanum
as previously reported) for the inorganic ion exchangers show dramatic
increases with increases in pH. Lanthanides deposited on inorganic ion
exchangers at relatively high pH may be desorbed by reducing the pH. The
affinity of curium for niobate ion exchangers was found to be greater than
that of the lanthanides studied, suggesting the possibility of an actinide-
lanthanide ion exchange separation by pH control. The large affinities that
these inorganic ion exchangers display for lanthanides and, presumably,
actinides suggest their use in scavenging radionuclides from low-level
waste streams.

A modified flowsheet for the extraction of uranium, neptunium, plu-
tonium, americium, and curium from high-level liquid waste is presented under
RECOVERY ALTERNATIVES APPLICABLE TO WASTE STREAMS. The process involves two
basic parts: first, the extractions of uranium, neptunium, plutonium,
americium, and curium, together with fission product zirconium, niobium,
molybdenum, yttrium, and rare earths, using 0.5 M dihexoxyethyl phosphoric

acid (HDHoOEP) in diethylbenzene (DEB) followed by stripping of americium,
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curium, and rare earths with 6 M HNO3, stripping of neptunium, plutonium,

zirconium, niobium, molybdenum, and iron with oxalate, and stripping of

uranium, yttrium, and zirconium with 8 M H3PO,; and second, the purification

of neptunium and plutonium from the zirconium, niobium, molybdenum, iron,
and oxalate using 0.25 M tricaprylmethylammonium nitrate (TCMA-NO3) in DEB.
The process has been studied using synthetic exhaustively-extracted waste.
Data are presented for batch countercurrent extraction studies. These
data were used to calculate the number of stages required for the desired
separation.

Evaluation of methods for measuring actinides from incinerator ash
is continuing in ACTINIDE RECOVERY FROM COMBUSTIBLE WASTE. Two promising
recovery methods are: (1) reaction with cerium(IV) in HNO3; to solubilize
carbon and actinide oxides, and (2) fusion with carbonate-nitrate mixtures.
Silica proved to be a problem; if dissolved, it interferes with subsequent

actinide recovery by forming polysilicic acid upon acidification. If not

solubilized, silica-encapsulated actinide oxides are not contacted by the

dissolvent. Pretreatment of ash by refluxing with 26 M NaOH appears to
remove silica, simplifying subsequent recovery steps.

A preliminary evaluation of methods for treatment of salt waste and
waste waters was completed in ACTINIDE RECOVERY AND RECYCLE PREPARATION
FOR WASTE STREAMS. These studies indicated that bidentate systems can
remove 99.987% of the plutonium and 99% of the americium from salt wastes.
They also suggested that a combination of Amberlite XAD-4 (nonionic resin
for organics) and Amberlite IRA-900 (strong base resin for anions) would
be an effective preparatory étep in the recycle of a waste-water stream.

The study of the RADIATION EFFECTS on ion exchange materials is near
completion, and the results will be published as a Brookhaven National
Laboratory report.

The FUEL AND TARGET FABRICATION STUDIES were not active during this
period.

Scoping studies on LMFBR TRANSMUTATION were terminated at the end of
this quarter, and a final report of this work will be issued in the near

future.
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In THERMAL REACTOR TRANSMUTATION STUDIES, waste actinides from an LWR
lattice containing mixed uranium-plutonium assemblies were recycled in
separate target assemblies. When an actinide concentration was chosen such
that the specific power of the target was equal to that of the regular fuel
assemblies, the transmutation rate of the waste actinides was about 10% per
fuel cycle. Waste actinides from plutonium-enriched fuel contained about
eight times the americium and 20 times the curium as actinides from regular
uranium-enriched LWR fuel.

The FUEL CYCLE IMPACT STUDIES were not active during this quarter.

Planning activities were initiated for the RISK-COST/BENEFIT ANALYSIS
subtask to better define the important considerations that will be involved
in performing this analysis. The approach taken is to first idencify each
individual contribution to the risk—cost/benefit analysis. Subsequently,
the comparison of these individual contributions leading to a determination
of the incentives for partitioning is discussed. Finally, each of the
individual contributions._ to. the overall risk-cost/benefit analysis is assigned
a priority based on its amenability to calcuiation, importance to the overall
analysis, and compatibility with the overall analysis.

The ECONOMIC ANALYSIS of this concept was not active during this
quarter. 4

Under ANALYSIS, COORDINATION, AND EVALUATION, the development of a
generalized solvent extraction code, GENEX, proceeded. The model can con-
sider different chemical mixtures and stoichiometric relationships between

the chemical species without major revisions in the code itself.



1. PUREX PROCESS MODIFICATIONS

W. D. Bond, F. A, Kappelmann, and F. M. Scheitlin
(Oak Ridge National Laboratory)

This task focuses on modifications to the Purex process

- which should result in higher nrecoverdies of uranium,
neptunium, and plutonium. Modifications fo the phocess
operations are considered, as well as alternatives in
cleanup systems which rnesult in smallern waszte volumes
and actinide Losses.

1.1 Introduction

Experiments are being carried out on the Purex process relative
to the countercurrent extraction and stripping of actinides using both
continuous mixer-settlers and batch equipment. The purpose of these
experiments is to determine the effects on actinide losses by either
including additional stages of extraction and stripping or using an
additional Purex cycle to remove actinides from the high-level waste
stream. The effects of the increased extraction of the zirconium and
ruthenium fission products are also being evaluated. It is not known
whether the increased radiation damage caused by the additional extrac-
tion stages (or cycles) will result in interfacial precipitates and
cruds. Zirconium compounds formed with degradation products are
reported to be of limited solubility in both the organic and the
aqueous phases and have been observed to impair operability when
high-burnup fuels are processed.

All laboratory work to date has been carried out using simulated,
nonradioactive fuel dissolver and high-level waste solutions as feeds.

Plutonium work is performed at the tracer level.

1.2 Studies Using Mixer-Settlers

1.2.1 ‘Experimental

The equipment used in these studies consists of two l6-stage

stainless steel mixer-settler bauks of Belgiau deslgu; une bank s



for extraction-scrubbing and the other for stripping. All experimental
runs were conducted at 43°C. Both the virgin and the recycled extract-
ants (307 TBP-70% n-dodecane) weré purified by scrubbing with 0.5 M
sodium carbonate and washed three times with 0.01 M HNO3 to remove
the entrained sodium carbonate.

Basically, the reference Purex flowsheet (Fig. 1.1) was used for
the ruthenium and the zirconium experimental runs. Uranium was absent

in the feed solution for each of the rums.

1.2.2 Ruthenium behavior

Last quarter we _reportedl that attempts to measure distribution
coefficients for ruthenium were unsuccessful due fo the low levels of
ruthenium in the presence of appreciable amounts of uranium. Therefore,
during this report period, a run, R-8, was made using a feed solution
containing ruthenium at a concentration of 1 g/liter but no uranium.
Standard Purex flow conditions were used as shown in Table 1.1; note-
that the feed and scrub solution contained 0.1 M NaNO,. The behavior
of ruthenium exiting in the end streams during the run (see Fig. 1.2)

suggests that the system was at steady state after 1.5 to 2.5 hr.

Table 1.1. Flowsheet conditions for run R-8

Process Flow rate

stream (liters/hr) Composition

Feed N.s N.98 ¢ Ru/Titer; 0.1 M NaNOz; 2.5 M HNOj
Solvent 1.75 30% TBP-n-dodecane

Scrub 0.2 0.1 M NaNO; 3 M HNOs

Strip 2.0 0.1 M HNOj

Measurements of the distribution coefficients for ruthenium in
each stage of both mixer-settler banks were made after withdrawing

samples at the completion of the run. The aqueous concentrations and
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Fig. 1.1, Purex flowsheet using 0.1 M HNOj; in stripping (S series).
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distribution coefficients for ruthenium in the extraction-scrubbing

and stripping banks are given in Table 1.2. It should be noted that
only a small amount of ruthenium was étripped out of the organic phase
in the stripping bank. A profile of the ruthenium in each stage of

the extraction-scrubbing bank is presented in Fig. 1.3. Stage
efficiencies were 89 to 917 for the extraction-scrubbing bank.
Measurements were unreliable in the stripping bank because of the

small volume of sample and the low level of the ruthenium concentration
in the sample (2 ug/ml or less).

The effect of the addition of sodium nitrite on ruthenium behavior
is shown in Table 1.3. Results indicate that, with the addition of ‘
0.1 M NaNO» in the feed and scrub solutions, 98% of the ruthenium
exited from the extraction-scrubbing bank via the IAW stream and the
ruthenium contamination was reduced in the end streams from the
stripping bank. . '

After the profile samples had been taken, the mixer-settler
system was run for an additional 4 hr (run R-8C) in order to flush
the ruthenium from the system. The composition of the feed solution
was 0.1 M NaNO,-2.5 M HNO3. At the end of the 4-hr period, only a
low concentration of ruthenium (1.5 ug/ml) was exiting via the IAW
waste stream (see Fig. 1.4).

When the mixer-settler banks were at steady state for run R-8,.
0.5 g of ruthenium was held up in both mixer-settler units; 967% of
this amount was in the extraction-scrubbing bank. The material
balance for ruthenium (output/input x 100) was 95% (analytical samples

not included).

1.2.3 Zirconium behavior

Inlour previous work,l attempts to measure distribution coefficients
for zirconium were unsuccessful due to the low levels of zirconium in
the presence of appreciable amounts oﬁ uranium; therefore, during this
report period, a run, R-9, was made using a feed solution containing
zirconium at a concentration of 1.2 g/liter. Standard Purex flow

conditions werc ugscd, ae ehown in Table 1.4. The concentrations of



Table 1.2.

Aqueous concentrations and distribution coefficients for ruthenium

in the extraction-scrubbing and stripping banks for run R-8

Extraction-scrubbing bank Stripping bank
Aqueous Ru Aqueous Ru
Stage concentration Stage concentration
numb er (ug/ml) D} (Rw)? number ~ (ug/ml) Dy (Rw)®
17 11.6 0.24 1 0.2 6.0
LY 22.9 U.l/4 2 U:4 ‘ 4.5
19 - - 3 0.5 3.8
20 58.9 0.136 4 0.6 2.7
21 84.4 0.118 5 0.6 3.0
22 136.0 0.098 6 0.4 4.75
23 229 0.083 7 : 0.5 4.0
24 314 0.082 8 0.6 3.83
25 766 0.051 9 0.5 4.6
26 801 i U.uslL v U.b 2.3
27 804 0.056 1l 0.6 2.8
28 841 0.065 12 0.8 2.5
29 923 0.07 13 0.9 2.1
30 974 0.08 14 © 1.0 1.9
31 934 0.103 15 1.0 2.0
32 724 0.105 16 . 1.0 1.9
aDZ is defined as the concentration of a species in the organic phasc divided

by its concentration in the aqueous phase when the system is at chemical

equ

ilibrium.
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Fig. 1.3. Profile of ruthenium concentrations in the extraction-
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Table 1.3. Ruthenium in the exiting process streams and the effect o sodium nitrite addition

Run number-

R-2 R-7 ‘ R-8
Feed Ru - 0.69 g/liter Ru - 0.65 g/liter Ru - 0.98 g/liter
U - 300 zg/lizer U - 17.0 g/liter
Cold fission products 0.1 M NaNO» 0.1 M NaNO,
2.5 M HNOD; 2.5 M HNO; 2.5 M HNO;
Scrub 3.0 M H¥;3 3.0 M HNO; 3.0 M HNOs;
0.1 M NaNO,
Extraction-scrubbing bank, Z
Raffinare waste (1AW) 88.5 96.7 98.078
Stripping bank, % Eu
Uranium aqueous product (ICY) 1.3 2.0 0.957
Stripped organic (ICW) 9.5 1.3 0.965
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zirconium exiting in the end streams during the 8-hr run are shown in
Fig. 1.5. Apparently, steady-state conditions for the zirconium in

both mixer-settler banks were reached after 5 to 6 hr.

Table 1.4. .Flowsheet conditions for run R-9

Process Flow rate
stream (liters/hr) Composition
. reed . 0.5 - 1.2 g Zr/llter; 2.5 M HNO3
Solvent 1.75 30% TBP-n-dodecane
.Scrub 0.2 3 M HNO;
Strip 2.0 0.1 M HNOj

Profile samples were taken from stages in both mixer-settler units
at ﬁhe completion of the run. Table 1.5 gives the organic and aqueous
concentrations along with the distribution coefficients for zirconium
in the extraction-scrubbing and stripping banks. A profile of the
zirconium concentration in each stage of the extraction-scrubbing bank
is shown in Fig. 1.6. The high zirconium concentration (23 ug/ml) in
the aquéous phase of stage 16 is probably due to aqueous entrainment
in the extractant that is flowing from the extraction-scrubbing bank
into the 16th stage of the stripping bank. In stages 1 through 13,
only a small amount of zirconium was stripped out of the organic
extractant. Stage efficiencies calculated from equilibriim shake-outs
of sampleé taken from individual stages in the extraction-scrubbing
bank were 62 and 90% in the ccrub and extraction sections respectively.
Stage efficiencies for the stripping bank were unreliable because of
the small volume of sample and the low zirconium concentration in each
case.

At the completion of the run, each catch tank for the exiting
process streams was stirred and sampled. As shown in Table 1.6, the

IAW stream leaving the extraction scrubbing bank contained 93% of the
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Table 1.5. Profile of the zirconium concentrations and distribution coefficients

in the extraction-scrubbing and stripping banks for run R-9

Extraction-scrubbing bank Stripping bank

Stage Zr conc. (ug/ml) R "Stage Zr_conc. (ug/ml) o
number Organic Aqueous DA (Zr) numb er Organic Aqueous DA (Zr)
17 17.8 = AsS Nn.27 1 3.0 2 ' -
18 18.0 108 0.17 2 2.9 <2 -
19 21.2 148 0.14 3 3.1 <2 -
20 18.5 203 0.09 T4 4.7 <2 -
21 20.8 244 0.09 5 2.8 <2 -
22 20.0 323 0.06 6 7.3 <2 _ -
23 26.9 504 0.05 7 3.3 <2 -
24 51.1 646 0.08 8 3.4 <2 -
25 - 1,240 - 9 4.7 <2 -
26 89 1,180 0.08 10 3.2 <2 -
27 103 1,130 .09 11 3.9 <2 -
28 72 1,110 0.065 12 4.2 <2 -
29 58 1,040 0.06 13 4.4 <2 -
30 50 970 0.05 14 4.9 2.1 2.33
31 27.5 910 0.03 15 7.0 4.0 1.75
32 12.1 910 0.01 16 8.4 23.0 0.37
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Table 1.6. Zirconium concentrations in the exiting process streams

Run number

R-2 R=9
Feed 1.3 g Zr/liter 1.2 g Zr/liter
288 g U/liter 2.5 M HNO3
2.5 M HNOj
Extraction-scrubbing bank, % Zr
Raffinate waste (IAW) 96.5 93.3
Stripping bank, % Zr
Uranium aqueous product (ICU) 3.0 3.14

Stripped organic (LCW) 0.5 3.6
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total accountable zirconium entering the mixer-settler system during
the run. The amounts of zirconium in the IAW and the IAP catch tanks
compare favorably with the results obtained previously in run R-2.
However, 37 more zirconium was present in the stripped organic catch
tank (ICW) in run R-9 than in run R-2. This disagreement occurred
because the feed scolution for run R-2 had a high uranium concentra-
tion (288 g/liter), which caused the organic entering the stripping
bank to be loaded with uranium; this, in turn, resulted in a smaller
amount of zirconium being extracted into the organic solvent in the
extraction-scrubbing bank.

After the sampling for run R-9 had been completed, the mixer-
settler system was run for an additional 4 hr (run R-9C) to flush the
zirconium from the system (no zirconium in the feed solution). At
the end of this period, low levels of zirconium were still exiting
via the IAW waste stream (see Fig. 1.7). -

Measurements indicate that approximately 0.107 g of zirconium
was held up in both mixer-settler units during steady-state operations
for run R-9. The material balance for zirconium (output/input x 100)

was 96% (analytical samples not included).
1.3 Batch Countercurrent Studies

No batch countercurrent runs were made this quarter because
Talspeak studies were emphasized. The poor stripping observed for
plutonium from aged organic phases last quarterl was found to be the
result of radiolytically generated dibutyl phosphoric (DBP) and
monobutyl phosphoric acids (MBP). With the plutonium concentrations
of 1 g/liter and a-specific heat of "V0.003 W/g, exposures were
sufficient afrer a few days to yield significant amounts of the power-
ful extractants DBP and MBP. Irradiation at 1 W-hr/liter yields about
1073 M DBP and 10 * M MBP. Spectrophotometric studies of the organic
phases showed that the unstripped plutonium was held by the DBP.
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1.4 Reference for Section 1

1. D. W. Tedder and J. 0. Blomeke (compilers), Actinide Partitioning

and Transmutation Program Progress Report for Period April 1 to

June 30, 1977, ORNL/TM-6056 (October 1977).
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2. ACTINIDE RECOVERY FROM SOLIDS
E. L. Lewis and D. F. Luthy (Mound Laboratory)
The objective of this task is to measunre the ability
to decontaminate solids using reagents which are
compatible with the reprocessing and refabrication

flowsheets. The initial studies focus on the ability
to decontaminate HEPA giltens.

2.1 Exporimental

*
2.1.1 Americium and plutonium mixed oxide dissolution studies

Contaminated filter media were prepared by mixing AmO,-PuO, powder
with shredded filter media. Small samples of this mixture were then
treated with various leaching reagents, including 4 N HNO;-0.1 M
(NHy) 2Ce(NO3)s, 12 N HNO3-0.05 N HF-0.01 N H,SO4, and 8 N HNO3. A
sample of filter media was placed in a beaker, 250 ml of the leaching
reagent was added, and the temperature was increased to the boiling
point of the solution. Samples were withdrawn periodically and filtered
through a 4- to 5-u glass filter. The 2%1am and 2%%Pu concentrations
were determined by alpha spectrometry. The volume and concentration of
the solution were kept constant by adding acid of the proper concentra-
tion to replace that lost by evaporation. As can be seen in Table 2.1,
the 4 E_HNOg-O.l‘M (NHy ) »Ce(NO3) s was an effective leachani, dissolving
greater than 907 of both AmO, and PuO, in 11,75 hr. On the other hand,
the 8 N HNO3 was not satisfactory since it dissolved only 367 of the
PuOy in 13.5 hr (even though it dissolved 97% of the AmO, during this
time). The HNO3-HF-H,S504 mixture was effective in dissolving the AmO,
(90% in 11.25 hr) but not as effective in dissolving the PuO, (80% in
11.25 hr), Of the three reagents tested, the 4 N HNO3-0.1 M

(NHy)Ce(NO3)s is the recommended leaching reagent for AmO,-Pu0; mixtures.

%
This material contained approximately three parts of 239py oxide mixed
with one part of 24%1am oxide, by weight. It had been fired for 2 hr
at 1000°C.



Table 2.1. Results of Am0,-Pu0, dissolution tests

_ Amount of PuO, Amount of AmO,

Acid test Reagent Time dissolved dissolved

number _composition heated (hr) (wt %) (wt %)
Am-Pu-1A 4 N HNOs-0.1 M CAN® 5.75 72.9 63.3
Am-Pu-1B 4 N HNO,-0.1 M CAN® 11.75 93.7 111.8
Am-Pu-2A 12 N ENO3-0.05 N HF- 5.75 68.9 72.4

0.01 N H2504 :
Am-Pu-2B 12 N HNO3~0.05 N HF- 11.25 _ 80.2 - 90.4
- 0.01 N HzS04

Am-Pu-4A . 8 N HNO; . 7.25 : 37.2 88.9

Am-Pu-4B 8 N HNO3 13.5 36.3 96.7

a . . R . . .
CAN is abbreviation for ceric ammonium nitrate.

6T
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"2.1.2 Uranium oxide dissolution studies

These studies were conducted using U30g mixed with filter media.
The oxide had been fired at 950°C for 2 hr. A small sample of the
prepared filter media (V3.2 g) was placed in a beaker containing 250
ml of boiling reagent. Three reagents were used: 8 N HNOs,
4 N HNO3-0.1 M (NHy),Ce(NO3)e, and 12 N HNO3-0.05 N HF-0.01 N H,SO4.
Samples were withdrawn periodically for alpha analysis. All samples
were filtered through 4- to 5-U glass filters., The volume and concen-
tration of the solution were kept constant by adding acid of the proper
concentration to replace that lost by evaporation. As can be seen from
Table 2.2, the dissolution was very rapid and exceeded 907 in all cases.
Thus, each of the reagents evaluated would be an acceptable dissolvent

for 233U oxide.

*
2.1.3 Sodium carbonate fusions of PuO,

Two fusion tests were conducted in order to determine the effect
of temperature on fusion efficiency. Small samples were prepared by
mixing 64 mg of PuO; with 2.25 g of Na,C03. The Pu0,-Na,C03; mixture was
then added to a platinum crucible, which in turn was placed in a
resistance tube furnace. The crucible and éontents were subsequently
heated to the desired operating temperature and maintained there for
1 hr. Finally, the crucible and melt were cooled to room temperature,
and the melt was removed from the crucible and dissolved in 4 N HNOj.
The difference (4.6%) between the dissolution percentages obtained in
the two tests (see Table 2.3) 1s not significant and is thought to be
due to experimental error. Therefore, it can be concluded fhat the
fusion efficiency is 58% (average value) within the temperature range

under investigation.

*

The PuO, was a fine powder composed of 80 wt % 23%Pu, 16 wt % 23°Ppuy,
2.5 wt % 2"°Pu, 0.8 wt % 2"'Pu, and 0.2 wt % 242py, plus small amounts
of other actinides. It was calcined for 2 hr at 950°C.



Table 2.2.

Results o

£ 233

U oxide dissolution tests

Amount of 233y

Acid test Time oxide dissolved
number Reagent composition heated (min) (wt %)
U-3-1 8 N HNOj 5 97.4
U-3-2 8 N HNOj 20 106.1
U-3-3 8 N HNO, 65 93.8
U-3-4 8 N HNO, 255 95.9
U-4-1 4 N HNO;-0.1 M CAN® 5 89.7
U-4-2 4 N HNO,-0.1 M CAN® 15 104.8
U-4-3 4 N HNO3-0.1 M CAN? 60 95.2
U-4-4 4 N HNO3-0.1 M CAN® 360 95.7
U-5-1 12 N HNO3;-0.05 N HF-0.01 K H»SOy 5 100.9
U-5-2 12 N HNO3-0.05 N HF-0.01 N H,SOy 15 106.2
U-5-3 12 N HNO3-0.05 N HF-0.01 N H2SO0, 50 100.1
HNO3-0.05 N HF-0.01 N H,SO0, 240 102.5

U-5-4 12 N

aCAN is abbreviation

for ceric ammonium nitrate.

1¢



Table 2.3. Scdium carbonate fusions of Puads,

Time Cpersting Amount of .
Fusion test heated temperature Pud, solubilized Dissolution
number (hr) {°0) (wt Z) reagent
Pu-44 1 13C0 56.4 4 N HNO,

Pu-45 1 120 61.0 4 N HNO,

(44
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2.1.4 Neptunium oxide dissolution studies

The NpO, was fired for 2 hr at 950°C. Samples of contaminated
filter media were prepared by mixing 0.2 g of NpO,; with 3 g of filter

233y oxide

media. The procedure was identical to that used in the
dissolution studies (see Sect. 2.1.2). Three leaching reagents, namely
8 N HNO3, 4 N HNO3-0.1 M (NH4),Ce(NO3)g, and 12 N HNO3;-0.05 N HF-0.01 N
H,S0y, were tested. Table 2.4 lists the results for these experiments.
As can be seen, the 8 N HNO3 was rather ineffective, dissolving only
32% of the NpO, in 8 hr. On the other hand, each of the other two
reagents effected rapid dissolution; that is, greater than 907% of thé
NpO, was dissolved after 0.5 hr of boiling. Therefore, both the

4 N HNO3-0.1 M (NHu#)2Ce(NO3)s and the 12 N HNO3-0.05 N HF-0.01 N H,SO4

acid mixtures would be recommended as reagents for dissolving NpO,

from filter media.

*
2.1.5 Curium oxide dissolution studies

Contaminated filter media were prepared by mixing 13 mg of CmO:
with 3 g of filter media. The experimental procedure was identical
to that used for the U30s dissolution studies (Sect. 2.1.2). Two
leaching reagents, namely 12 N HNO3-0.05 N HF and 4 N HNO3-0.1 M
(NH,) 2Ce(NO3) ¢, were tested. The results from these tests are found
in Table 2.5. As can be seen, each of the reagents dissolved the CmO,
very rapidly (essentially 1007% dissolution was achieved in 10 min).
Therefore, both are recommended for dissolution éf CmO, from contaminated

filter media.

2.1.6 Thorium oxide dissolution tests

Contaminated filter media were prepared by mixing 0.24 g of ThO;
with 3 g of filter media. The experimental procedure was identical to

that used in the uranium oxide studies. The ThO2 was a fine powder

* . g 2u4 o 246 .
This was a powder which was V947 Cm and 47% Cm, with the

remainder being ZusCm, 2“7Cm, and *%%cm.
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Table 2.4. Results of 237Np oxide dissovlution tests

Time Amount of

Acid tceot heatend Np0, dlssulved
number Reagent composition (min) (wt %)

Np—3-| X N HNOg 10 1.3
Np-3-2 8 N HNO; 25 1.9
Np-3-3 8 N HNO, 45 4.1
Np-3-4 8 N HNO, 75 6.1
Np-3-5 8 N HNO, 480 32.3
Np-4-1 4 N HNO;-0.1 M CAN® ’ 10 93.7
Np-4-2 4 N HNO3-0.1 M CAN® 25 97.2
Np-4-3 4 N HNO3-0.1 M CAN® 40 88.9
Np-4-4 4 N HNO3-0.1 M CAN® 60 89.1
Np-5-1 12 N HNO3-0.05 N HF-0.01 N H,S04 10 64.7
Np-5-2 12 N HNO3=0.05 N HF=0.01 N H,50i 23 105.2
Np-5-3 12 N HNO3-0.05 N HF-0.01 N H,SO, 45 107.4
Np=5=4 12 N HNO3-0.03 N HF-0.01 N HzSUy 100 L02,3

= . . . . . .
CAN is abbreviation for ceric ammonium nitrate.
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Results of curium oxide dissolution tests

Table 2.5.
Time Amount of

Acid test Reagent heated CmO, dissolved
number composition (min) (wt %)
Cm-24 12 N HNO,-0.05 N HF 10 103.3
Cm-2B 12 N HNO3-0.05 N HF 25 100.8
Cm-2C 12 N HNO3-0.05 N HF 60 105.0
Cm-2D 12 N HNO3-0.05 N HF 120 99.1
Cm-2E 12 N HNO3-0.05 N HF . 180 104.5
Cm-2F 12 N HNO3-0.05 N HF 540 93.3
Cm-2G 12N HNO3-0.05 N HF 540 99.0
Cm-3A 4 N HNO3-0.1 M CAN? 10 112.1
Cm-3B 4 N HNO3-0.1 M CAN® 25 110.0
Cm-3C 4 N HNO3-0.1 M CAN® 60 109.0
Cm-3D 4 N HNO3-0.1 M can? 120 107.6
Cm-3E 4 N HNO3;-0.1 M CAN? 330 110.5

a . . .
CAN is abbreviation for ceric

ammonium nitrate.
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that had been fired at 600°C. The purpose of this experiment was to
determine whether ThO; would dissolve in 4 N HNO3-0.1 M (NHy)2Ce(NO3)¢
similarly to other actinide oxides tested previously (Pu0O,, CmO, AmO,,
U30g, and NpOz). As can be seen from the data in Table 2.6 and Fig.
2.1, the diséolution rate was slow at first (0 to 7 hr), rapid from

7 to 9 hr, and slow again from 9 to 20 hr. The reason for this change .
in rates is noﬁ known at present; however, it is thought that the first
.7 hr was required to attack the surface of the ThO2 and open the pores
so that rapid dissolution could begin. Therefore, 4 N HNO3-0.1 M

< (NHy) 2Ce(NO3) ¢ appears to be an acceptable leaching reagent for.Thoz,
although the dissolution time is longer than for other actinides. A
point of interest is that, in a similar experiment performed using

ThO, alone (no filter media), only 25% dissolution was achieved after
20 hr of boiling. This difference in dissolution percentages (25% vs

100%) cannot présently be explained.

2.1.7 Dissolution of Pu0> from actual glove-box filters using 4 N
HNO3; plus various concentrations of (NHy)2Ce(NO3)g

‘'These tests were conducted using samples of filter media removed
‘from<actual spent glove-box filters. The PuO; on the filters was the
same type as that used in the fusion experiments (Sect. 2.1.3).

In experiment A, a 9.5-g sample of filter media containing 0,18 g
~of PuO; was dissolvéd in a six-stage procedure. The volume of leaching
solution was based on that stipulated by the flowsheet submitted in

bd

the previous quarterly report, namely, 18 ml of solution per gram
of filter media. The amount of ceric ammonium nitrate required was
based on the initial moles of PuO; present in the filter media (60
moles of Ce“* per mole of PuQz). Using these criteria, the leaching
reagent in the first five stages was 4 N HNO3-0.23 M (NHy)2Ce(NO3)e,
while the sixth stage contained 12 N HNO3-0.1 N HF. The 12 N HNO3-0.1
N HF was used because the 4 N HNO3-0.23 M (NHy)2Ce(NO3)e had proved to
be ineffective in the fifth stage of dissolution. The volume of

12 N HNO3-0.1 N HF used in each case was 250 ml; all studies were

done at boiling temperature. The solution was sampled periodically for

plutonium concentration, and all samples were filtered through 4- to
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Table 2.6. Data for dissolution of ThO,
in the presence of HEPA filter

Time Amount of
Acid test Reagent heated ThO, dissolved
number composition (min) (wt %)
Th-1 4 N HNO3-0.1 M CAN? 5 , 0.6
Th-2 4 N HNO3-0.1 M CAN® 10 0.4
Th-3 4 N HNO3-0.1 M CAN? 20 1.4
Th-4 4 N HNO3-0.1 M CAN? 35 2.4
Th-5 4 N HNO3-0.1 M CAN? 60 5.1
Th-6 4 N HNO3-0.1 M CAN? 180 . 4.7
Th-7 4 N HNO3-0.1 M CAN? 300 12.5
Th-8 4 N HNO3-0.1 M CAN? 440 31.7
Th-9 4 N HNO3-0.1 M CAN® 440 29.3
Th-10 4 N HNO3-0.1 M CAN? 470 42.1 -
Th-11 4 N HNO3~-0.1 M CAN? 545 82.3
Th-12 4 N HNO3-0.1 M CAN? 905 100.5
Th-13 4 N HNO3-0.1 M CAN? 1205 104.3
Th-14° 4 N HNO3-0.1 M CAN® 1200 25.0

a . . . . .
CAN is abbreviation for ceric ammonium nitrate.

bNo HEPA filter was present during test.
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5-u glass filters. When the dissoiution rate for a particular stage
had become very slow (as indicated by .alpha analysis of the solution),
the filter material was separated from the leaching solution by filtra-
tion and subjected to the next stage of dissolution. Results for this
experiment are given in Table 2.7. Figure 2.2 shows the observed
cumulative weight percentage dissolved as a function of time for

stages 2 and 3. It should be noted that the final cumulative percentage
dissolved was 99Y.88% (equivalent to a decontamination factor of 833).
This result, which was determined by gamma-ray spectrométry of the
residual filter media, is in good agreement with the final value as
determined by alpha counting of the solution samples (99.80%). It
should also be noted that the 12 N HNO3-0.1 N HF solution used in the
sixth stage was more than twice as effective as the 4 N HN03—0.1 M
(NHy) 2Ce(NO3) ¢ used in the fifth stage (0.079% dissolved vs 0.031%).
The reason for this is not presently understood. Additional studies
will have to be made to investigate this phenomenon.

In experiment B, a 25.6~-g sample of filter media containing 0.31 g
of PuO, was dissolved in a four-stage dissolution process. The leaching
reagent used in the test was 4 N HNO3-0.30 M (NHy)2Ce(NO3)e. The volume
of solution was again based on the flowsheet submitted last quarter
(i.e., 18 ml of solution per gram of filter media), while the amount
-of ceric ammonium nitrate was increased to 120 times the initial moles
of Pu0; present in the filter media. The experimental procedure was
identical to that used in experiment A. The results are given in
Table 2.8. The dissolution percentages in Table 2.8 were determined
by_alpha counting, but the cumulative percentages as calculated by
gamma-ray spectrometry showed a final value of 98.247% dissolved. As
one can see, this value compares favorably with that (i.e., 97.62%)
obtained by alpha counting. The value obtained by gamma spectrometry
is, however, considered to be more accurate than the total obtained by
simple addition of the individual alpha count values. The decontamina-
tion factor (DF) obtained using this gamma-spectrometry value is 57.

