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Using Sodium Permanganate and Calcium
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Summarv

.-

Removal of strontium from the complexant-containing wastes (AN-102 and AN-107) had
previously been acceptably accomplished by isotopic dilution. Aetinide removal using
ftic eo-precipitatio~ however, was very problematic from both a processing and a
decontamination standpoint. Therefore, a series of tests were performed to identi& other
potential actinide removal agents and to test these agents at various concentrations. The
results of this work provide the following conclusions.

9

m

. .

Addition of sodium permanganate to an AN-107 simuhmt produced a filterable
precipitate in the presence of the strontium isotopic dilution precipitate. Actinide
decontamination factors ean approach design requirements at high permanganate
concentrations.
A synergism exists between additions of calcium nitrate and sodium permanganate to
dramatically increase the strontium and actinide decontamination factors without
adversely affecting filterability of the precipitates.
The kinetics of the actinide and strontium removal of the perrnanganate
deeonta.rnination process is rapid at moderate temperature (50 ‘C). ,

The relative amounts of precipitating agents and the required decontamination facto=
may indicate little or no calcium will be requira thus, mhimizhg cold chemical
loading in the glass.

Introduction

Strontium and the actinide elements U, Pu and Am are present in the High Level Liquid
Waste in the Hanford tanks AN-102 and AN-107 due to the presence of eomplexing
agents used in the processes within B Plant.l The proposed BNFL removal processes for
strontium and transuranic components horn the AN-102 and AFL107 supernate are co-
precipitation methods. In Part A, tests were performed to decontaminate real waste
samples using natural strontium nitrate in an isotopic dilution and ftic nitrate to co-
precipitate the actinides.2-5Tlis work was based on earlier investigations by HertingGand
Orth, et a2? In general, the results of the experiments indicated a successful
decontamination for Sr-90 and the actinides. However, the liquidkolid separation was
accomplished by centrifigation.
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Previous studies at the Savannah River Technology Center (SRTC)89 examined various
aspects of the precipitation process such as addition rate, reagent concentrations, free

hydroxide level, organic complexant concentratio~ and temperature using simulated
waste so[ution (see Appendix 1 fm composition). The results of these studies gained
insight into the chemistry affecting the effectiveness of the precipitation in terms of
decontamination and filterability. However, the presence of the organic completig
agents renders the ferric precipitates poorly filterable.

SRTC has performed testing of alternative technologies for the removal of tmnsmmium
elements from the chekmt-containing wastes. The basis for the work was predominately
of 0rth.7 The decontamination agents used in these experiments were mixtures of
ferric/ferrous, nickel (II), cobalt (H), cobalt (III), lanthanum,8 and uranyl ion.

Additionally, the application of freshly prepared manganese oxide tiaces has been
shown to selectively adsorb lanthanides,l 1actinides,12 and other radionuclides.13s14The
manganese dioxide produced by the reduction of yanganatehas also been shown to
adsorb organic molecuks from aqueous solution. 1 This adsorption prope@ could
potentially be used in the decontamination of the chelant-containing wastes at Hax@ord.
Of further interest is the synergistic effkct of calcium on the adsorption of organic
materiaI on manganese dioxide in wastewater clarification processes.lG Therefore, a
series of experiments were conducted to examine these effects on transuranium
decontamination of an AN-107 waste simulant.

Experimental

Approximately 50 mL of the sirm.dant (Appendix 1) was placed into a 200-mL beaker or
125-mL serum vial. The simuhmt had been adjusted to the hydroxide and aluminum
concentration specified in Table 1. The solution was stirred with a magnetic stirrer and
then heated to the required temperature in a water bath on a heater/stirrer plate. An
aliquot of the precipitating agent was added. The precipitate slurry was stirred for M

● minutes at temperature prior to the addition of the second precipitating agent #Uler the
second additio~ the slumy was stirred for 15 minutes, heated for a specified time in either
the water bath or in a temperature-cmtrolled oven. The samples were allowed to cool to
room. temperature and filtered through a 0.45-mi~on filter: The filtrate was collected for
1 minute and weighed or volumetrically measured. A&r the samples had cooled the
remaining slurry was filtered. Samples were submitted to the Analytical Development
Section of SRTC for analyses.1’ The analyses included liquid scintillation analysis for
strontium-901 8and alpha pulse height analysis.lg

In performing the plutonium analyses, the samples were subjected to a
thenoyltrifluoroacetone (TTA) separation. An aliquot of the sample was initially spiked
with a Pu-238 tracer. All of the plutonium in the sample was reduce~ an anion
completing agent (aluminum nitrate) was then added. The plutonium in the sample was
then oxidi~d to a +4 oxidation state. The plutonium (IV) was then extracted fkom the
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matrix using a TTA solution. The TTA layer was mounted in a counting dish and
analyzed by alpha spectroscopy. A blank sample was run with the batch of samples.

Table 1. Experimental Conditions

Sodium Ion Concentration 5.5 M
Hydroxide Ion Concentration 1.0 M
Aluminate Ion Concentration 0.4 M
Temperature 50 ‘c

The analysis results for the Pu-239 alpha peak were yielded using the Pu-238 recoveries
from the Pu-238 tracer solution. As the Pu-239 spike solution used was a sample of
weapons grade plutonium, a correction was required for the Pu-238 activity inherent to
the weapons grade material. A sample of the stock weapons grade plutonium was
analyzed for a Pu-239/240 to Pu-238 ratio. This ratio was used to correct the separation
yields.

Results and Discussion

Addition Fem”c and Ferrous

,

Precipitation Studies

The results from the statistically designed experiments showed filterability and
decontamination for the strontium nitrate/ftic nitrate to be too iow for practical use.
The BNFL Inc. basis of design for the filtration process assumes a filter flux rate of 21
gprdf? can be achieved using 0.1 pm sintered metal filter elements. The use of other
iron precipitating agents may prove more usefid. Therefore, a series of tests were
conducted to determine if mixed valence precipitates of iron were conducive to use in the
Sr/TRU removal step. Additionally, oxalic acid and lanthanum nitrate reagents were
examined as possible replacement of the ftic nitrate. In these studies, the fwus was
actinide remov~, therefore, no strontium isotopic dilution was performed.

Figure 1 contains the decontamination data calculated from the Sr-85 and Am-241
radiotracer measurements. The decontamination factor (DF) required for the flowsheet is
5. The ferric/ferrous mixture did not enhance the americium removal. The mixed
valence precipitate was magnetic and did filter slightly better. The inability of iron (III)
to affect an actinide DF duects the research to other agents. The inability of lanthanum
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(111)to displace the americium ions from the completing agents is a little surprising
based on the higher charge density of La (III) vs. Am (fIf).

Sr/TRU Scoping Tests

2.0
E

$ 1.5
c
o.=

j! 1.0

E
2 0.s
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Fdlll)N&ate R!U1l/FC(Illl tWll@fllll FMl}M#E $%!~x Ox#lcAdd liI(W33

‘- ❑ Sr-85 ~ Arn-241

Figure 1. Decontamination Factors for Ferric/Ferrous Precipitations

Eflect of other Tramition Metal Agents and Calcium

The ethylenediaminetetraacetic acid (EDTA) completing agent is well lmown in the
inorganic literature to bind to many different transition metals such as Ca (II), Fe (II), Ni
(II) and Co(III). If the actinide is complexed by EDTA these metals could potentially be
effective decontamination agents. Therefore, metals having highaffin.ity for EDTA may
remove the actinides from solution by substitution. A series of tests were performed to
measure actinide and strontium DFs for a variety of agents. The filterability of the
resultant precipitates was also measured. These tests used a strontium nitrate addition to
aid the Sr-85 decontamination.

.-

.

I I I I I I
9.5 4.4 14.5 15.5 18.5 17.5 10

Figure 2. Fdtration Volumes from Transition Tests
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Figure 2 shows the filtration data collected in a one minute interval from the tests
employing Fe (II), Co (III), Ni (II) and uranyl ion. Filtration volumes ranged born 4.4
mL to 18.5 mL. These fluxes are low and probably unsuitable for use in the
decontamination process. However, the ferrous tests show that the addition of calcium
(0.0375 M) does not significantly decrease the filtration flux, when combined with the
ferric nitrate. .-

The decontamination factors for Sr-85, Pu-239 and Am-241 are shown in Figure 3.
Strontium decontamination was successfidly attained by isotopic dilution for all of the
samples. The Sr DFs for the nickel experiments were multiplied by 0.1 to fit on the scale.
The actual DFs were 97.7 and 98 for the low concentration (0.0375 M) and the high
concentration (0.075 M), respectively. The actinide factors were low with the exception
of the calcium (0.0375 M) and ferrous (0.0375 M) mixture. The calcium addition
increased the DF for the actinide from 1.2 to 8 – 10. Both americium and plutonium
were almost equally affected by this addition. Because of the low filterability of this
precipitate the use of this mixture is not very attractive. However, the use of calcium
addition to sequester the chelant may have other uses.

.-

Sr/TRU Precipitation

35

CO(M) Llo22+ Fe@ Fe(9/Ca(19 N(W Low “MI) H NaMKM

~ Sr-85 OF ● AIW241 W a W-239 Cf

F~ure 3. Decontamination Factors for Other Transition Metals

Initial Testing with Sodium Permanganate and Calcium Decontamination

(l%’ had originally examined the use of potassium permangtiate for strontium

●

decontamination of a 101-SY simulant and found decontamination factors on the order of
10 – 20. A permanganate test with an actual sample from 101-SY showed plutonium
decontamination in addition to the strontium removal. The applicability of this process to
the complexant concentrated waste (AN-102 and AN-107) was worthy of testing.
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Shown in Figure 4 are the filtrate volumes (mL) obtained after four separate tests of
adding various levels of calcium and sodium permanganate to the AN-107 simdant along
with the 0.075 M strontium nitrate isotopic dilution. These volumes were obtained after
one minute of filtering through a 0.45-micron cellulose nitrate filter. Filtrate volumes
were high and range from 9 to 25 mL. The precipitate prepared by the addition of 0.2 M
Ca(N03)z filtered the best. Addition of 0.075 M NaMn04 reduced the filterability{ 16
rnL) in reference to the calcium precipitate. Addition of 0.0375 M calcium and 0.075 M
permanganate exhibited the same filterability as the 0.075 M permanganate alone.
Ironically, dramatically reducing the calcium and permanganate with the 0.075 M
strontium caused the solution to filter relatively poorly.

30
i

25.

20

15

10

=
‘--M@+

Wh04
02MCa

I I I I

Seriesl I 16 15.5 25 9 I

Figure 4. Fdterability of Perrnanganate and Calcium Precipitates
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Figure 5. Decontamination Factors for Permanganate and Calcium Additions

.
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The decontamination factors calculated from the measured Sr-85, Am-241 and Pu-239
concentrations are shown in Figure 5. Remembering the required DFs are 10 for Sr and 5
for band ~ the DFs obtained born the addition of 0.075 M sodium permanganate fm
exceed the requirements. The DFs obtained were 60, 140and 150for Sr, Am and ~
respectively. The addition of 0.2 M calcium nitrate to the solution along with the
strontium isotopic dilution gave acceptable DF for Sr ( 170) but unacceptable DF fbr Am
(3) and Pu (2.7). However, the combination of calcium and permanganate along with the
strontium dilution exhibited a very large DF for each species. This symergism between
C% Sr and MnO~ gave DFs of 470 for Sr, 550 for Am and 690 for Pu. A subsequent t&t
at one tenth the a~dition level for calcium (0.004 M) and permanganate (0.01 M) showed
greater than an order of magnitude reduction in the actinide DF. These results along with
the good filterability data suggest the addition of calcium and permanganate along with

,

the strontium isotopic dilution could be a potential replacement for the strontium and
ferric nitrate flowsheet for treating the complex concentrate waste (AN-102 and AN-107
tanks).

Additional CalciunuPermanganate Tests

The results of the initial tests on calcium and permanganate addition for actinide removal
and strontium addition for isotopic dilution for strontium removal were very encouraging.
Therefore, additional tests were conducted at two calcium levels (0.0375 M and 0.02 M)
along with three permanganate levels (0.02 ~ 0.04 ~ and 0.06 M) to examine
filterability and decontamination levels in order to begin to optimize the minimum cold
chemical feed. The results of the filtration data are shown in Figure 6. The filtrate
volumes obtained after one minute through a 0.45 micron filter are the highest obtained
during the Sr/I’RU precipitation testing. The volumes were very near 30 mL or
approximately 60 0/0of the liquid that was clarified in one minute.

40
l-”

0.0375M Ca +‘ 0J1375M ca +” 0J3375M Ca +‘ 0J32M Ca + 0D2M Ca + 002M Ca +
0.02M NaMf04 004M NaMr04 0.00M N*tl14 0.02M NaMIQ4 0.04M WIU4 0.04M Wt’04

Figure 6. Filtrate Volume (mL) from 2 Level Calcium Tests
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Figure 7 contains the decontamination data for the addition calcium and permanganate
tests. The tests were conducted at the high calcium level (0.0375 M) exhibit sufficient
DF for all of the species (Sr, Am, and Pu). There is a direct relationship between the DF
observed for each species with increasing permanganate. Increasing ihe permanganate
concentration to 0.06 M raised the americium DF to -240 and the plutonium DF to -60.
The strontium DF increased with increasing permanganate concentratio~ however. the
effect was not as large. At the lower calcium level (0.02 M), the same effects are
observed Actinide DFs increase with increasing permanganate concentration.
Acceptable DFs for each species were obtained at mid permanganate concentration (0.02
M Ca and 0.04 M MnOd-). Shown in Figure 8 is a statistical fit of the of the in (DF) for
americium as a fimction of perrnanganate concentration. Using this equatio~ the
permanganate concentration needed to obtained the required americium DF (5) would be
0.022 M sodium permanganate at the 0.02 M calcium concentration.

-.

250.0

200.0

150.0

100.0

50.0

0.0

0.02M NaMr04 0.04M NaMr04 0J16M NafiltU4 0.02M NaMr04 0.04M NW 104 006?4 NaMfU4

a SrDF 1065 167.9 22s.9 689 503 110.s

, AmOF 112 38.S 2393 4.6 i8.9 130.9

0 PuOF 5.14 13.81 61-S1 2X3 7.9+ 98.19

Figure 7. Decontamination Factors for AddMional Calcium and Permanganate
Tests

These tests clearly show the positive effect of increased perrnanganate addition for the
removal of actinide species from the ~- 107 simukmt. Additional examination of the
data shows a direct influence of the calcium concentration. For each permanganate level
(0.02, 0.04 and 0.06 M), the calculated ratio of the actinide DF at 0.0375 M Ca to the DF
at 0.02 M Ca is shown ‘inTable 2. With the exception of the plutonium ratio at the very,
high permanganate level (0.06 M), reducing the calcium level by 2 reduced the actinide
DF by -2.



W. R Wilma@ et al. (1
Page 13 of20 :.,.

—

Sr/TRU Precipitation

o~
0.000 0.020 0.040 0.060 0.080

Natvh04 Added (M)

[
+ AIIIDF —Pteck@dAM OF

~ote:Calcium level is 0.02 M.

Figure 8. Statistical Fit of Am DF Data

Table 2. Comparison of Actinide DFs at Two Calcium Levels

DF Ratio for 0.037S M Ca to 0.02 M Ca .

Permanganate Level Pu

0.02 M 2.4 1.8

0.04 M 2.0 1.7
.

0.06 M 2.2 0.6

.-

Rate of Actinide Removal in CalciurnASodium Permanganate Decontamination

The rate of removal of the actinides is important to understand to support engineering and
design of the plant. All of tie pervious tests were conducted for 4 hours with sampling
only at the end of the experiment. Therefore, a kinetic study was performed using the 5.5
M sodium AN-107 simulant. The level of strontium, calcium and permanganate
additions was 0.075 M, 0.0375 M and 0.04 Iv$ respectively. The temperature was 50 “C.

Shown in Figure 9 are the Sr-85 and Am-241 concentrations in the liquid phase plotted as
a fiction of time. There is a very rapid drop in the radionuclide concentration in the
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first 0.5 hours. A slower, steady reduction in the radionuclide concentration is then
observed for the remainder of the test. There is no visible evidence of permanganate
existing after addition. It appears as though the permanganate reacts and the freshly
produced solids continue to absorb the radionuclides. The adsorption is very linear as
can be seen in Figure 10. An additional order of magnitude of the DF is obtained for
each additional hour at 50 ‘C. This behavior is typical of an adsorption process. ”Serrano
and Garcial 1had experimentally measuredCe-141 Freundlich adsorption isothexms. The
Sr-85 and Am-241behavior is probably very similar.

Sr/TRU Precipitation

I.CXIE4)6

0 1 2 3 4. 5

Tim?(tl

+-SF85 ~Am241

Figure 9. Kinetic Data for Permanganate Decontamination
,

DF=9.17* ~nle]+14F?=99.5
60 , 1

o~ ! I ! I

o 1 2

Tim (h)

3 4 5

Figure 10. Statistical Analysis of Am DF
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Conclusions

Removal of strontium from the complexant-containing waste (AN-102 and AN-107) had
previously been acceptably accomplished by isotopic dilution. Actinide removal “&ng
ferric co-precipitatio~ however, was very problematic from both a processing and a
decontamination standpoint. Various other transition metals were examined for
replacement of the ferric hydroxide precipitation.

This work has identified and tested a sodium permangimate reaction that produces a
precipitate that is readily filterable and provides sufficient decimtamination of the
actinides from an AN-107 simuhmt at a modest operating temperature (50 “C).
Additionally, the work has identified a positive synergist effect of adding calcium nitrate
prior to the addition of sodium permanganate. This synergism can increase both the
actinide DF and strontium DF. optimization of this process could potentially lead to a
reduced cold chemical feed while meeting decontamination requirements and within the
flowsheet time restraints.

The following recommendations arise from tie results of this work
■ Testing with actual tank waste samples should be conducted to ver@

observations/test results with simulated waste solutions.
= Effects on glass composition should be evaluated for this precipitation process.
‘ BNFL Inc. must store the Sr/TRU precipitate for a period of time before blending

with the high level waste sludge. Therefore, the long-term stability of the SIVTRU
precipitate should be evaluated.

.
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Appendix 1. AN-107 Simulant Composition

Component Molecular weight Concentration Units

Acetate

Aluminum

Ammonium

Barium

Boron

Bromide

Cadmium

Calaum

Carbonate

Cerium

Chloride

Chromium

Copper

Ethylenediaminete
traacetic acid
Fluoride

Formate

Glycolate

Hydroxide

Iron

Lanthanum

Lead

Magnesium

Manganese

Molybdenum

Neodymium

n-
Hydroxyethylenedi
aminetriacetic acid
Nickel

Nitrate

. Nitrite

Oxalate

Phosphate

Potassium

Selenium

Silicon

Silver

Sodium

Sulfate

TIC

TOC

Uranium

Zinc

Zirconium

59.04462

26.98154

18.03846

137.33

10.81

79.904

112.41

40.08

60.0092

140.12

35.453

51.996

63.546

288.20824

18.9984

45.01774

75.04206

17.00734

55.847

138.9055

207.2

24.305

54.938

95.94

144.24

275.23618

58.69

62.0049

46.0055

88.0196

94.97136

39.0983

78.96

28.0855

107.8682

22.9898

96.0576

12.011

65.38

91.22

1100 mg/Liier

386 mg/Liier

22 mgll-iter

7 mgli-iter

35 mg&iter

1150 mg/Liier

64 mg/Liter

591 mg/Liier

83936 mg/Liier

53 mg/Liier

1830 mg/Liter

176 mg/lJter

30 mg/Liter

5620 mg/Liier

133 mg/Liter

10400 mg/Liier

18600 mg/Liier

340 mg/Liier

1690 mg/Liter

46 mg/Liter

388 mgll-iier

25 mg/Liier

563 mg/Liier

36 mg/Liter

96 mg/Liier

2140 mg/Liier

530 mg/Liier

230000 mg/Liter

61000 mg/Lit&

826 mg/Liter

1110 mg/Liier

1810 mg/Liter

1 mg/Liier

##VALUE! mghkw

14 mg/Liier

195000 mg/1-iier

8250 mg/Liier

16800 mgll-iier

40400 mg/Liier

127 mg/Liier

45 mg/Liier

70 mg/Liier

Concentration Units

1.86E-02 M

1.43E-02 M

1.22E-03 M

5.42E-05 M

3.24E-03 M

1.44E-02 M

5.70E-04 M

1.47E-02 M

1.40E+O0 M

3.77E-04 M

5.16E-02 M

3.38E-03 M

4.74E-04 M

1.95E-02 M

7.00E-03 M

2.31E-01 M

2.48E-01 M

2.00E-02 M

3.03E-02 M

3.28E-04 M

1.87E-03 M

1.03E-03 M

1.02E-02 M

3.73E-04 M

6.65E-04 M

7.78E-03 M

9.03E-03 M

3.71 E+OO M

1.33E+O0 M

9.38E-03 M

1.17E-02 M

4.63E-02 M

6.33E-06 M

#VALUE! M

1.33E-04 M

8.48E+O0 M

8.59E-02 M

1.40E+O0 M

40.40 gk

1.27E+02 ug/mL

6.93E-04 M

7.67E-04 M
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AddAional Organics(based upon PNNL Report on FY1997 Resutts)

Ntirilotriacetic Acid 188.11618 561 mglLiter

Ctiric Acid 189.09618 8495 mgll-iter

tminodiacetic Acid 131.08412 5947 mg/Liter

Source Previous PNNL Recipe

Sodium Gluconate 218.14 39265 mgAiter
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2.98E-03 M

4.49E-02 M

4.54E-02 M

0.018 M

. .


