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ABSTRACT 

The separate treatment of the solvent wash alkaline waste (ASWW) 
from the other low and medium level liquid wastes generated during 
reprocessing operations has been investigated through the develop
ment of three alternative processes dealing with solvent extrac
tion, chemical precipitation combined with ultrafiltration and 
inorganic ion exchange. On the basis of lab-scale experiments 
performed on the same genuine ASWW sample, a comparison has been 
made between the respective performances of each of these proces
ses in terms of selectivity, decontamination and volume reduction 
factors. From this assessment, it evolved that solvent extraction 
and chemical precipitation combined with ultrafiltration processes 
are good competitors for implementing such kind of treatment 
although for the alpha DF, solvent extraction appears more flex
ible. To be really attractive, inorganic ion exchange should 
exhibit better VRF and DF possibly by pretreating the ASWW. 

INTRODUCTION 

During reprocessing of irradiated fuels, various low and medium 
level liquid wastes are generated. As some of them are salt-laden and 
moreover contain noticeable alpha-activity, treatment and conditioning 
may increase the final volume of waste considerably. Therefore, in 
certain management schemes there may be an economic benefit in segregat
ing the various streams, thus reducing the volume of alpha bearing 
wastes. Besides, alkaline waste streams are known to present a major 
source of Pu losses. In such a context new processes for the treatment of 
the Alkaline Solvent Wash Waste (ASWW) arising during tributylphosphate 



(TBP) clean-up were investigated in the frame of the second R and D 
programme on radioactive waste management of the Commission of the 
European Communities (CEC). 

These processes developed in parallel on simulated ASWW in three 
different laboratories deal with solvent extraction (ENEA Casaccia), 
chemical precipitation combined with ultrafiltration (AERE Harwell) and 
inorganic ion exchange (CEN Cadarache). However, in order to compare 
their respective decontamination performances on a similar basis, each of 
these treatment processes was finally tested on samples of identical 
genuine ASWW generated during reprocessing operations at La Hague. These 
experiments were performed in the hot-eel Is of the CEN Cadarache under 
the co-ordination and sponsorship of the CF.C. 

WASTE CHARACTERISTICS 

Basically the main chemical components of the ASWW are sodium 
nitrates and carbonates as quoted in Table 1. However, its main feature 
is the presence of TBP degradation products which are known to exhibit 
retention properties towards polyvalent radionuclides (ref /l/). In this 
respect, about 140 mg/1 of dibutylphosphoric acid (DBP) were determined. 
For lack of a simple and efficient analytical method, the monobutylphos-
phoric acid (MBP) concentration in the genuine ASWW could not be 
measured. However, based on literature data (ref /l/), it is expected 
that the DBP/MBP ratio is likely to be < 10. It must be stressed that the 
sample of ASWW used for these experiments arose from one campaign of 
reprocessing of natural uranium fuel from a graphite gas reactor. If the 
ASWW sample had resulted from LWR reprocessing, a much higher (by a 
factor of 5) content of TBP degradation products as well as increased 
alpha and beta-gamma activities, on average by factors of 6 and 13 
respectively, would have been recorded (ref 111). Visually, the ASWW 
sample used for these experiments appeared as a clear yellow solution. 
However, this waste type proved to be chemically very unstable since pH 
variations entail significant precipitations of radionuclides (about half 
of the actinides and one third of the ruthenium in case of pH adjustment 
to 7). 

AIM OF THE SEPARATE TREATMENT OF THE ASWW 

Depending mainly on the discharge limits associated with a site and 
the options available for disposal (e.g. in deep geological formation, 
shallow land burial ...) many management scenarios (see ref /2/ and /3/) 
can be envisaged for the low and medium level liquid wastes arising 
during fuel reprocessing (e.g. segregation at source, common treatment by 
chemical precipitation, evaporation, interim storage . . . ) . The processes 
investigated in this study aimed at a separate treatment of •"he ASWW with 
a view to its disposal in shallow land burial instead of deep seological 
formations. Such an approach fits into a new management scheme involving 
a separate treatment of the main alpha bearing streams in order to 
decrease as much as possible the volume of alpha waste to be disposed of 
in geological formations. In such a context, assuming that the basic 
treatment/conditioning procedure consists of chemical precipitation 
followed by conditioning of the resulting sludges into bitumen and 



considering on the one hand that the disposal criteria . defined for 
shallow land burial limit to max. 3.7, GBq.t (0.1 Ci.t ) the alpha 
specific activity of the waste products , and taking into account on the 
other hand the alpha content of the ASWW (see table 1), an alpha deconta
mination factor (DF) of at least 160 should be reached. 

TABLE 1. CHEMICAL AND RADIOCHEMICAL COMPOSITION OF THE ASWW 

Chemical composition (mg/1) Rad iochemical composition (KBq/1) 

Na + 16400 MBP not measured _ 89+90 Sr 490 

K + 2.8 DRP 14 » 106 Ru 335.10 J + 23.10 3 

C a ^ 13.7 TBP 65 125 Sb 2200 + 1200 

Ms" 7.5 r 1 3 A Cs 1500 + 500 
4-H-Fe 5 pH 10.4 r 137 Cs 6800 + 900 

1 
ico 15600 N 2 3 ? 

Np 
430 

i 
HC0„ 4900 P 238 Pu 2100 

NO 3 6900 t, 239 
tu 3500 

|NC 0
_ 1000 v 240 Pu 3500 

; "5- 114 A 241 
Am 40 

t ,.238 u - 42 

TEST PROCEDURES 

Based on flow-sheets set-up on simulated ASWW (see ref /5/ /6/ and 
II I) , the decontamination tests performed on the real ASWW samples 
involved the use of 10 to 10 000 ml of waste soiutioi! depending on the 
process implemented. 

Solvent extraction process 

Batch extraction tests were carried out by stirring a few ml of ASWW 
with a nev organic solvent keeping the phase ratio 0/A equal to 1. This 
new solvent developed by ENEA Casaccia was composed of 0.1 M tributyl-
acetohydroxamic acid (TBAH) (see Fig. 1) in cliethylbenzene containing 
10%-vol. of octanol 1. For back extracting plutonium from the organic 
phase, a 0.35 M oxalic acid solution was used. These tests consisted of 
determining the distribution coefficients of the main radionuclides in 
the different basic steps of the treatment process (extraction kinetics, 
back extraction and solvent clean-up). 

Combination of chemical precipitation with ultrafiltration 

The ultrafiltration (UF) membrane used was a Cirbosep tube with a 



filtering length of 110 mm. The membrane test section was fitted into 
acircuit shown schematically in Fig. 2. Each. UF experiment involved 
approximately 500 ml of ASWW. Before the ASWW was pumped around the UF 
loop (by a glandiess magnetically coupled gear pump of variable speed), 
pH adjustment and possibly addition of précipitants (i.e. titani'in 
hydroxide and copper ferrocyanide) took place. The pressure and flow-rate 
in the circuit were controlled by adjusting the ball valve fitted down
stream of the membrane and by varying the pump speed. Ultrafiltration 
tests were performed at a pressure of 2 bar and at a recirculation flow 
of approximately 1 1/min. A permeate volume of approximately 3CC! ml was 
collected during each of the experiments. Samples of the feed liquor, 
concentrate and permeate of each experiment were taken for radiochemical 
analysis. 

Inorganic ion exchange 

For testing a selection of inorganic ion exchangers for ÀSWW treat
ment, two different column experiments were carried out implying first a 
battery of three columns respectively loaded with active charcoal, 
titanium oxide (prepared via a sol-gel process according to the Agip/ENF.A 
procedure (ref /8/) and zeolithe (IE 96), the other one involving onlv 
two columns of titanium/iron oxides, also prepared via the Agip/ENEA 
procedure. Prior to passing down through the bed, the ASWW was submitted 
to a pH adjustment step if necessary. Each column was loaded with 10 .Til 
of bed volume of inorganic ion exchanger. Or.e- thousand bed volumes of 
ASWV were percolated through each column using a 50 ml/h flow-race and 
breakthrough curves were plotted for the Kain radionuclides. 

RESULTS 

Solvent extrar.tion tests 

Compared with the previous experiments performed on simulated ASWW, 
extraction kinetics of Pu from genuine ASWW in 0.1 M TBAH were found to 
be slightly less efficient: to reach the steady state about 60 min stir
ring time appeared necessary for real waste against 40 rein for the simu
lated ASWW. This was attributed to differences of the stirring equipment. 
However, as indicated in table 2, the distribution coefficients measured 
for the main radionuclides containing ASWW showed a noticeable selecti
vity of this nev solvent towards plutonium even in a strong completing 
and alkaline medium. This table also indicates that plutonium is readily 
back extracted from the solvent us.hi;' oxalic acid (ruf /bl). 

Eased on simulated experiments, Zr/Nb and trivalent actinides/rare 
earths were shown to behave similarly to plutonium with these differences 
that the extraction kinetic;; of Zr ar*j slower and that Nb is poorly back 
?xtracted by oxalic acid. This should not affect the recycling of the 
solvent taking into account the extremely low content of niobium in the 
waste solution. Therefore, it is expected that by operating continuous 
counter current extraction and back extraction cycles, high alpha DF's 
should be achieved unless inextractablc chemical forms of plutonium nre 
present in solution. 



TABLE 2. DISTRIBUTION COEFFICIENTS (contact time: 60 min) 

radionuclide 

System 
_ 239-240 
Pu R u 1 0 6 s b 1 2 5 C s 1 3 7 

ASWW/0.1 M ÏBAK 140 1.4 x 10" 2 9 x 10~2 < io- 3 

0.35 M H CO,/ 
0.1 M TBAH 

-4 
8 x 10 - - -

In this connection, the already exhausted aqueous phases resulting from 
the preceding batch extraction tests were submitted to another extraction 
with fresh solvent. This snowed that the residual plutonium in the ASWW 
was still largely extractable since Fu losses lower than 0.1% were 
finally fouad in the ASWW leading to an overall alpha DF of about 1000. 

Combination of chemical precipitation with ulfrafiltration 

As quoted in Table 3, direct ultrafiltration of the ASWW gave very 
poor DF'r, for Pu, Ru and 3b confirming thereby that most of these radio
nuclides are present in soluble chemical fores. Destruction of carbonate 
complexes by operating at pH 5 only improved the Pu removal to 50%. This 
probably results from the fact that significant amounts of Pu are com
pleted by the TBP degradation products. Actually, in order to achieve 
alpha DF's higher than 160, addition of précipitants (titanium hydroxide 
and preformed copper ferrocyanide) is necessary. It is worth noting that 
under these operating conditions most of the Cs Is carried over by the 
precipitate. Likewise, it seemed that beyond a certain concentration of 
précipitants, there is no significant improvement in plutonium removal 
(ref /6/). 

Inorganic ion exchange 

With respect to the first decontamination test consisting of perco
lating the ASWW successively through three columns respectively loaded 
with active charcoal (for removal of TBP degradation products), titanium 
oxide (fcr removal of plutonium and antimony) and zeolithe IE 96 (for 
caesium separation), only the caesium removal proved to be quite effi
cient (Cs DF 70 up to 600 bed volumes). For Pu removal, as shown in 
Fig. 3 max alpha DF's of 15 were recorded. Moreover a constant decrease 
of tue efficiency of the columns was noticed with the number of bed 
volumes which was passed.. Therefore such a treatment process proved quite 
unsuccessful with respect to the required alpha D.F. 

This low efficiency of inorganic ion exchangers towards actinides 
removal confirms the detrimental effect of organic complexants (TBP 
degradation products) on the process performance. The effect was even 
more pronounced at lover pH (decrease of the Pu and Ru activities by a 
factor of about 5 in the ASWW solution when this is contacted with active 
charcoal dt pH 1.5 or 4). 



As the presence of iron oxide was claimed in literature (ref /9/ and 
/10/) to favour plutonium and ruthenium retentions a second decontamina
tion test was carried out changing the operating conditions. To this end, 
the ASWW was passed through two columns loaded with titanium oxide mixed 
with 10% iron oxide after pH adjustment to 7. As shewn in Fig. 4 the 
presence of iron improved the decontamination factor somewhat (20 instead 
of 15). Unexpectedly the second TiO?/Fe 0 column exhibited better 
retention properties for Pu since the initial UF was shown to increase by 
a factor of 7. This phenomenon might be attributed to a possible effect 
of the TiC^/Fe^O particles on the plutonium valency state in favouring 
the occurence d"fTu(IV). 

Unfortunately this positive effect progressively decreases with the 
number of bed volumes treated so that an overall alpha DF drops to 25 
after 850 bed volumes. 

Although an overall alpha DF of 160 can be achieved by limiting the 
number of bed volumes treated to about 300, the implementation of such a 
treatment process appeals difficult first because the pH adjustment to 7 
leads to significant Pu and Ru precipitation and thereby to appreciable 
volumes of secondary wastes and then because of the absence of a distinct 
threshold in the breakthrough curves. 

TABLE 3. ULTRAFILTRATION PERFORMANCE DURING ASW TREATMENT 

pH/Stirring 
(h) 

time 
i 

Decontamination factor Permeability 
tn/bar/d 

pH/Stirring 
(h) 

time 

! 
Pu 
239-240 „ 106 Ru 

1.2 1.1 

125 Sb D 

1.6 

C s 1 3 7 

10-10.5/1 

time 

! 
Pu 
239-240 „ 106 Ru 

1.2 1.1 

125 Sb D 

1.6 

C s 1 3 7 

1.14 

5/1 2.0 1.3 1.1 1.49 

4.5/1 3.7 1.4 2.7 1.70 
50ppm Ti(0H)4 

7/1 . 
50ppm Ti(0H). 

24 1.4 1.3 1.78 

7/64 ! 31 
50ppm Ti(0H), : 

7/17 j 173 
Oppx, TK0H), | 
10pp..i C» Fe(60, ! 

1.4 

i.: 

1.5 

1.3 28 

1.82 

1.82 

7/17 
lOOpptn T 1(011), 
20ppm Cu FeCCN*) 

225 1.4 i .4 56 1.78 i 



In contradiction vith literature data, the presence of iron oxide in 
titanium oxide column did not significantly improve the ruthenium decon
tamination which remained very low (ref /7/) (at maximum an overall Ru DF 
of 1.8 was achieved after 200 bed volumes passed through the two 
columns). 

CONCLUSIONS 

F.ach of these new treatment processes for the decontamination of the 
ASWW was successful in achieving an alpha DF of at least 160. However 
their respective performances differ considerably in terms of selectivity 
and volume reduction. 

The solvent extraction techniques gave >̂oth high distribution 
coefficient for plutonium and a ralher high selectivity which should 
permit recovered Pu to be recycled into the reprocessing plant without 
=my further purification step. The occurrence of non extractable Pu 
chemical forms in the ASWW was proved to be insignificant (less than 0.1Z 
of the Pu inventory) so that overall Pu DF > 1000 should be achieved in 
continuous extraction without major difficulty. 

Because noticeable amounts of the Pu containing ASWW are likely 
complexed with TBP degradation products, direct ultrafiltration of this 
waste proved unsuccessful. Addition of précipitants like titanium 
hydroxide and copper ferrocyanide prior to UF treatment led to the 
achievement of an alpha DF of 225 without generating large volume of 
sludges demonstrating thereby the effectiveness of the membrane. However 
higher DF's probably require more efficient précipitants. The main 
drawback of this process lies on its poor selectivity which confers a 
high gamma activity to the precipitate (presence of Cs-137 and Sb-I25) 
while the ASWW still contains significant amounts of Sb-125 and Ru-106. 
This should be solved by using more selective précipitants. 

The most sensitive treatment process to chemical and/or ionic forms 
of plutonium appeared to be the inorganic ion exchange for which a suffi
cient alpha DF is only attained by installing several bed columns of 
TiO /Fe~0_ in series. Due to the precipitation of nearly half the acti-
nides during pH adjustment, the overall volume reduction factor appears 
quite low. Likewise taking into account the complexity of the further 
conditioning of the loaded exchangers, this process could not compete 
with the two former ones for this specific application. However, it is 
thought chat much better performances should be achieved.by setting-up a 
suitable pretreatment aiming at favouring Pu ions in the waste solution 
at pH 10.4, 
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Fig. 1 : Formula of the Tri n Butyl Aceto Hydroxamic Acid 

(manufactured by Pro Cnimica, via Baini 57, 
I - 27020 Trivolzio) 
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Fig. 3 : Plutonium breakthrough curves of fixed beds of 
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