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1.0 INTRODUCTION

In the nuclear fuel reprocessing plants, 30 % (v/v) n-

tributyl phosphate(TBP) in hydrocarbon diluent is used for

extractive separation of uranium and plutonium from the spent

fuel by Purex process. Due to the exposure to high radiation

levels and nitric acid, degradation of solvent takes place in the

reprocessing plants. The degraded solvent has reduced selectivity

towards uranium and plutonium over fission products. Stripping of

plutonium from loaded solvent becomes increasingly difficult. A

routine solvent cleanup system practicised consists (1) of 5 %

sodium carbonate wash which removes mainly acidic degradation

products like dibutyl phosphate (DBP) and monobutyl phosphate.

Fractional distillation also has been employed (2) in the

reprocessing plants for recycling part of solvent with a view to

minimise waste generation. When the 30 % TBP-dodecane can not be

purified to desired level, it is discarded as spent organic

solvent waste. These spent solvent wastes contain ruthenium-106, a

fission product, as major beta-gamma activity in the range of a

few kBq/ml. They contain alpha activity predominantly due to

plutonium of about few tens of Bq/ml.

The primary aim of alpha bearing organic waste treatment

technology should be to bring the alpha activity in inorganic form

for long term storage. Volume reduction is also equally important

due to requirement of long term surveillance of alpha storage

facilities. Hence, removal of plutonium from the secondary wastes

needs to be explored in order to minimise the quantity of
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alpha bearing wastes to be cemented. The potential of

incineration of organic secondary wastes and dilution and

dispersion of secondary aqueous wastes needs to be fully

exploited in order to achieve high volume reduction factors.

The TBP is (3) a well known plasticizer, lubricant and fire

retardant and its incineration product is phosphorus pentaoxide.

P2O5 has (4) low sublimation temperature of 300 °C and is highly

corrosive. Dodecane diluent is a hydrocarbon fuel. Due to

diversified nature of these alpha bearing, intermediate level,

liquid, organic wastes, direct incineration is (5) a difficult

mode of treatment of these wastes. Hence, special treatment

techniques need to be developed for the treatment of TBP-dodecane

wastes.

For achieving these objectives, treatment process should be

capable of splitting maximum quantity of diluent with high

decontamination factors (DFs) for TBP, ruthenium and plutonium.

In few cases (6,7), separated diluent was successfully recycled

after adequate purification. This is feasible only if it passes

(8) all the quality control tests, has nearly identical chemical

composition and is proved to have service life equivalent to the

new diluent. For wastes stored for over 25 years and having

varying diluent compositions, this is a remote possibility.

Hence, separated diluent should have near background alpha

activity so that it could be easily incinerated.

Number of low temperature methods capable of operating below

the sublimation temperature of P2O5 have been developed for

treatment of spent solvent wastes. They are saponification using



- 3 -

sodium hydroxide (6,14) or extractive separation using phosphoric

acid (7,10,11) to get low active diluent. For aged spent solvent

wastes discharged from reprocessing plant at Tromhay, these

methods were tested (9,10) in the laboratory experiments.

Saponification has been demonstrated (12) on pilot-plant scale

in the inactive runs.

In the extraction-pyrolysis process, H3PO4 at 200 °C is

highly corrosive. Proper dilution and incineration of butene gas

released during pyrolysis step needs (11) to be carefully carried

out. Cementation of detergent wastes is known (13) to be difficult

especially in case of concentrated solutions. In the

saponification process, all aqueous wastes containing DBP, which

has detergent characteristics, need to be cemented due to the

presence of alpha activity. Treatment of secondary aqueous wastes

containing butanol needs to be considered.

To overcome the shortcomings of extraction-pyrolysis and

saponification processes, studies were undertaken to find the

suitability of H2SO4 as an alternative extractant for TBP.

Oxidation of TBP to H3PO4 was explored as an alternative to

pyrolysis and saponification. H3PO4 can be treated by known

procedures for removal of plutonium and ruthenium-106, thereby

achieving significant reduction in cementation costs..

The report discusses results of the laboratory experiments

conducted to optimise different process steps using simulated

degraded wastes. Results obtained with aged spent solvent wastes

discharged from reprocessing plant at Trombay are also discussed.
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2.0 PROCESS DESCRIPTION

To avoid release of P2O5, alpha activity and volatile RUO4,

separation of TBP from dodecane has to be complete. The solvent

extraction techniques of splitting TBP-dodecane studied earlier

used H3PO4 (7,10,11), Th(NO3)4 (14), acetic and formic acids(15).

Sulphuric acid was studied as an alternative because of its

oxidising and dehydrating properties. H2SO4 is less corrosive than

H3PO4 and TBP-H2SO4 is less viscous than TBP-H3PO4 phase.

For adopting the process on plant scale, lead-lined

equipments made from 20 Mo-6 or 20 Cb-3 stainless steel can be

used for low temperature applications. Nickel alloys like

hastelloy B2, C-4, C-22, G-3, G-30 or glass lined vessels can be

used at elevated temperatures(16).

2.1 TBP Extraction Step

Optimum sulphuric acid concentration and proper organic to

aqueous phase ratio were selected to achieve separation of maximum

quantity of diluent with high DFs for TBP, ruthenium and plutonium

in the separated diluent. Recycling of H2SO4-H3PO4 mixture, left

over after the oxidation of TBP, was also studied in order to

reduce the sulphuric acid consumption and generation of secondary

waste.

2.2 Oxidation of TBP using H2O2

Two modes of operation were considered. The TBP-H2SO4 phase was

carbonised at 125-175°C and then 30 % H2O2 and catalyst were added

to the reaction flask. The oxidation was carried out at 90 ± 5 °C.

The accumulation of water from H2O2 and oxidation reaction dilutes
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acid, decreases void volume in the reactor and concentration of

H2O2 being added. Hence, evaporation of water was carried out

intermittently around 150°C. This also carbonised the remaining

organic matter which facilitated oxidation. Alternatively, TBP-

H2SO4 phase, 30 % H2O2 and catalyst were added simultaneously to

the reaction flask. The system could be operated at 125-150 °C

with partial reflux of H2O2/H2O vapours for achieving faster

reaction rate.

2.3 Treatment of Secondary Wastes

The process would generate dilute H2SO4-H3PO4 mixture

containing all alpha and most of beta-gamma activities, separated

diluent hydrocarbons having low beta-gamma activity and aqueous

condensates during concentrating of acid mixture as secondary

wastes. The acid concentrates and aqueous condensates can be

treated by known methods(17 to 19) for removal of activities. The

separated diluent can be incinerated.

3.0 EXPERIMENTAL WORK

3.1 Preparation of Simulated Degraded TBP-dodecane Wastes

For carrying out inactive experiments to standardize the

process parameters, use of simulated degraded TBP-dodecane wastes

is more realistic than fresh 30 % TBP-dodecane.

3.1.1 Degradation products of TBP -dodecane

The primary degradation products of TBP are dibutyl phosphate,

monobutyl phosphate and phosphoric acid(20). In radiation fields,

oxy-dibutyl phosphate, different phosphonates, polyphosphate

esters (21) and butyl lauric acid(22) are also formed. The

hydrocarbon diluent in presence of HNO3 f o r m s aliphatic nitrates
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and nitrites(23). They form secondary degradation products like

nitrolic acid oximes, nitro alcohols, nitro olefins, dinitro

complexants, oxime of hydroxyamic acid nitrates, nitrites, nitro

and nitroso compounds(24).

3.1.2 Method of preparation of simulated degraded TBP-dodecane

wastes

TBP-dodecane was prepared by diluting fresh TBP in commercial

solvent extraction grade n-dodecane to get 30 % solution. The n-

dodecane contained 1.96 % undecane, 85.44 % n-dedocane, 12.24 %

tridecane, 0.31 % tetradecane and about 0.5 % branched alkanes by

volume. It was first made free of impurities by contacting with 5

% sodium carbonate.

It was then digested with HNO3. The nitric acid

concentrations of 3 and 8 M were used. The TBP-dodecane was

digested(25) with 0.5 to 5 M HNO3 for long time at 100°C. In

another method TBP-dodecane is digested (26) with 8 M HNO3 for 4

hours. The gas chromatographs using flame ionisation detector and

nitrogen phosphorous detector of simulated degraded TBP-dodecane

wastes prepared by 40 hour digestion with 2.5 M HNO3 at 100°C and

4 hour digestion with 8 M HNO3 at 120°C were similar.

The method using 8 M HNO3 was selected due to its short

reaction time. The acid : TBP dodecane ratio was maintained at

1:1. The reaction mixture was maintained saturated with nitrogen

dioxide by adding 1 ml of 1 M sodium nitrite to 500 ml batch. The

phases were separated. The simulated degraded TBP-dodecane wastes

were washed with distilled water till the aqueous phase attained

pH of 2 or above and then used in these studies. Inactive
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experiments and tracer studies were carried out using this

simulated degraded TBP-dodecane wastes.

CHEMITO 8510 model gas chromatograph having flame ionisation

detector and fitted with 0.53 mm ID, 50 meters long BP-1 coated

wide bore capillary column as per SGE code NO. 50QC5/BP1 5.0 was

used to analyse simulated degraded as well as aged waste samples.

For estimation of linear alkane contents straight chain alkanes of

Aldrich catalog No. 29850-6 were used as standards. The branched

alkane contents were analysed by gas chromatography using 2 mm ID

3 meters long packed 5A molecular sieve column. The gas

chromatograph of simulated degraded TBP-dodecane waste using

flame ionisation detector is presented in Fig. 1.

3.2 , Use of Tracers

3.2.1 Ruthenium-103 tracer

Trinitrato complex of nitrosyl ruthenium (RuNO(H2O)2(NO3)3

is most extractible into TBP dodecane due to its non-ionic nature.

The ruthenium-103 radioactive tracer obtained from the Board

of Radiation and Isotope Technology(BRIT) was RUCI3 in dilute

hydrochloric acid. Ruthenium tracer solution was warmed after

adding concentrated HNO3 to oxidise chlorides to chlorine gas. A

drop of the solution was tested with silver nitrate solution for

leftover chloride. The chloride free Ru-103 tracer solution in

HNO3 was saturated with nitrous oxide gas generated by using

copper and dilute HNO3. The contents were diluted to achieve the

HNO3 concentration of 12 to 14 M so as to obtain (27) maximum

activity in the form of Ru(N0)(N(>3)3 complex . The
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solution was kept for at least 2 days for the different species of

nitrosyl ruthenium to attain equilibrium. Simulated degraded TBP-

dodecane waste solvent was contacted with this solution and then

made acid free by repeated contacts with distilled water. After

allowing to settle all suspended water droplets, this loaded

solvent was used in nitrosyl ruthenium tracer studies.

3.2.2 cerium-141 tracer

Plutonium in tetravalent state is easily extracted into TBP-

dodecane solvent. The Pu(III) and americium which exists in

trivalent state have low extraction coefficients in TBP-dodecane.

Hence, most of alpha activity in the spent solvent wastes is due

to plutonium in tetravalent state. Cerium (IV) chemistry in acidic

141

medium is(28) similar to that of Pu(IV). Hence, Ce(IV) was

selected for studying behaviour of plutonium in the process.

The cerium-141 tracer obtained from BRIT was Ce2(804)3 i n dilute

H2SO4. It was treated with potassium persulphate to oxidise

Ce(III) to Ce(IV) state. Subsequently, it was made sulphate free

by addition of barium nitrate solution. The filtrate obtained

after BaS(>4 removal was contacted with simulated degraded TBP-

dodecane wastes. The organic phase was washed with distilled water

till free of acid. After allowing to settle all suspended water

droplets, this loaded solvent was used in cerium tracer studies.



_ g _

3.3 Extraction of TBP from Simulated Degraded TBP-dodecane

Wastes

3.3.1 Extraction using fresh H2SO4

As extraction systems operate at a predetermined organic to

aqueous phase ratio, hence this ratio was maintained at 2:1 in the

first set of experiments while concentration of H2SO4 was varied

from 1.84 M to 18 M. This also varied the acid : TBP mole ratio.

Inactive simulated degraded TBP-dodecane wastes, and those loaded

with nitrosyl ruthenium and cerium(lV) tracers were studied to

select particular concentration of H2SO4, so as to achieve maximum

DFs for TBP, nitrosyl ruthenium and cerium(IV) and 2 phase system.

Fig. 2 indicates effect of H2SO4 concentration on the quantity of

diluent separated from simulated degraded TBP-dodecane wastes and

its TBP content. The DFs achieved for nitrosyl ruthenium and

cerium(IV) under same conditions are indicated in Fig. 3.

3.3.2 Effect of organic to aqueous phase ratio on extraction

Attempt was made to decrease acid requirement in TBP extraction

step without affecting the DFs for TBP, nitrosyl ruthenium and

cerium(IV). The 18 M H2SO4 which is commercially available but

was found to be less efficient at organic to aqueous phase ratio

of 2:1 was also tested to assess usability at other organic to

aqueous phase ratios, along with 16.5 M H2SO4.

In this set, organic to aqueous phase ratio was varied from

2:1 TO 10:1. Fig.4 indicates effect of H2SO4 concentration on the

quantity of diluent separated from simulated degraded TBP-dodecane

wastes and its TBP content. DFs achieved for nitrosyl ruthenium
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and cerium (IV) under same conditions are indicated in-Fig 5.

3.3.3 Extraction of TBP using recycled acid

As mentioned earlier, the process involves oxidation of TBP

by using H2O2- The oxidation of TBP generates H2SO4-H3PO4 mixture.

The phosphoric acid content is expected to increase after each

extraction-oxidation cycle. To find the effect of presence of

H3PO4 in H2SO4 on DF for . nitrosyl ruthenium, simulated H2SO4-

H3PO4 mixtures equivalent to each recycle were prepared using 16.5

M H2SO4 and 19 M H3PO4 and used in the extraction experiments as

in 3.3.1 above. The DFs achieved for nitrosyl ruthenium by using

these H2SO4 - H3PO4 mixtures are presented in Fig. 6.

3.4 Oxidation of TBP in H2SO4 using H2O2

Inactive experiments were performed to assess the feasibility

of oxidising TBP by 30 % H2O2. Experiments were performed in a

multineck flat bottom flask. Magnetic stirrer was used to mix the

organic and aqueous phases formed during oxidation. The flask was

fitted with double walled condenser. The condensates could be

refluxed or drained out as desired. Ferrous sulphate was used as a

catalyst.

In the first set of experiments, the TBP-H2SO4 phase obtained

in the extraction step and FeSC>4 was first heated for 4 hours at

125, 150 and 175°C to carbonise TBP with constant stirring. The

temperature was maintained at 90 ± 5°C during oxidation and 150°C

during evapouration steps. The H2O2 was added in lots of 25 or 50

ml.



- 11 -

In next set of experiments, the TBP-acid phase, FeS04 and

H2O2 were simultaneously added to the reaction flask. The

temperature of flask was maintained at 125°C and contents were

partially refluxed till oxidation step was complete. This helped

in maintaining low volumes and high concentrations of reactants in

the flask. At the end of the batch experiment, acid was

concentrated at 150 "C for recycling.

Similar experiments were performed using H2SO4-H3PO4 mixture

corresponding to recycled sample.

3.5 Experiments with Aged TBP-diluent Waste Sample from Trombay

Storage Tank

3.5.1 Analysis of aged waste

.TBP-diluent wastes currently being stored at Trombay over a

period of 25 years are in a highly degraded condition. Its

appearance indicated that TBP had degraded to red oil. The

diluents used in the reprocessing plant have also changed with

time. The analysis of the wastes for TBP and activity content is

presented in Table 1. The gas chromatographic analysis of

hydrocarbon content of the diluent separated from aged waste and

one currently in use in plant is indicated in Table 2.

3.5.2 Extraction of activity from aged waste

The sample was treated with fresh H2SO4 and H2SO4-H3PO4

mixture equivalent to 3 recycles for extraction of TBP. The

acid:TBP mole ratio was maintained at same level as in experiments

with simulated wastes, taking into consideration the TBP content

of the sample. The alpha and fission product activity contents of

separated diluent are also presented in Table 1.
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4.0 RESULTS AND DISCUSSIONS

To find the effect of H2SO4 concentration on splitting of

diluent, organic to aqueous phase ratio was maintained at 2 : 1 .

The acid:TBP mole ratio varied from 0.84:1 to 8.26:1 for H2SO4

concentration of 1.84 M to 18 M. As seen in fig.2, sulphuric acid

of concentrations below 6.4 M gives 2 phases but there is very

little extraction of TBP. The TBP content of top organic phase was

27.46 vol. %. The sulphuric acid of 6.4 M to 15.6 M gave 3 phases

during extraction of TBP from simulated degraded TBP-dodecane

wastes. Such system is difficult to adopt in the mixer- settlers.

There is progressive decrease in TBP content of top organic phase

from about 27.5 to 0.09 vol. % signifying that it was mostly

dodecane diluent. When H2SO4 concentration was raised further,

only 2 phases were observed. The TBP content of top organic phase

decreased to around 0.05 vol. %. The top organic phase volume was

98.6 % of expected dodecane volume. Hence, for waste treatment,

H2SO4 of above 16 M at organic to aqueous phase ratio of 2:1 is of

interest to us for getting diluent having low TBP content.

From Fig 3, it is seen that the H2SO4 concentrations of 17

± 0.5 M are of interest for the spent solvent waste treatment. The

DF for nitrosyl ruthenium in the separated diluent varied from

1310 to 1620 for 17 ± 0.5 M H2SO4 but decreased steeply to 175

for 18 M H2SO4. Similarly, for cerium(IV), the DF was high,

showing background activity in separated diluent, when 17 ± 0.5 M

acid was used. Its actual value could not be determined due to

low cerium-141 activity in simulated degraded TBP-dodecane wastes.

The DF for cerium(IV) was around 6.4 for 18 M H2SO4.
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The lower DFs observed in experiments with 18 M H2SO4, were

due to more carbonisation taking place during extraction step. The

18 M H2SO4 has high heat of dilution. The heat of dilution of

H2SO4 decreases with decrease in concentration of acid being

diluted. As the simulated degraded TBP-dodecane wastes were

preequilibrated with water, the partial carbonisation of organic

matter taking place during extraction step increased with increase

in H2SO4 concentration. The diluent separated using 18 M H2SO4 had

floating carbonised matter which may have carried activity to the

separated diluent. This resulted in lower DF for nitrosyl

ruthenium and cerium(IV). Hence, the temperature of the system

should not be allowed to increase due to heat of dilution of

H2SO4.

From these experiments it was estimated that when 17 ± 0.5 M

H2SO4 was used for extraction at organic to aqueous phase ratio of

2:1, 0.04 % nitrosyl ruthenium and negligible cerium(IV)

activities are left in separated diluent. As indicated in 3.2.2,

cerium(IV) in acid medium has chemistry similar to that of Pu(IV).

Hence, under these extraction conditions, diluent having 0.05 vol.

% TBP, 0.04 % Ru-106 and near background level of alpha activity

can be obtained.

As seen in Fig.4, about 98 vol. % diluent could be separated

at organic to aqueous phase ratios of 4 :1 or lower. TBP content

of separated diluent was about 0.3 % at organic to aqueous phase

ratio of 10 :3 and around 0.1 % for lower ratios. From Fig. 5, it

is observed that the 16.5 M H2SO4 is superior to 18 M one
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at organic to aqueous phase ratios of 10 : 1, or lower. The DFs

for nitrosyl ruthenium at organic to aqueous phase ratio of 5:2

and 2:1 were 1350 and 1620 respectively. The 18 M acid showed

nitrosyl ruthenium DFs of only 115 and 175 under similar organic

to aqueous phase ratios. For cerium(IV), 16.5 M H2SO4 showed high

DFs at organic to aqueous phase ratio of 5:1 and lower. The

nitrosyl ruthenium activities left in the separated diluent were

0.04 and 0.4 % respectively for 16.5 M and 18 M H2SO4. The

cerium(IV) activities were near background under same experimental

conditions. Hence, the organic to aqueous phase ratio can be

maintained at 5:2 without sacrificing the nitrosyl ruthenium and

plutonium DFs when 17 ± 0.5 M acid is used for extraction of TBP.

Phosphoric acid generated from the oxidation of 1 litre of 30

% TBP-dodecane waste is 1.09 moles corresponding to 57.4 ml of

anhydrous 19 M H3PO4. This quantity was added to 400 ml of 16.5 M

H2SO4 to get H2SO4-H3PO4 equivalent to the first recycle acid.

This mixture is used to treat fresh simulated degraded TBP-

dodecane wastes at organic to aqueous phase ratio of 5:2. Thus

simulated H2SO4-H3PO4 mixtures corresponding to different recycles

were prepared and used to for extraction experiment at organic to

aqueous phase ratio of 5:2. As seen in Fig. 6, the DF for

nitrosyl ruthenium gradually decreases with each cycle. From a DF

of 1620 it is reduced to 450 in 5 cycles. Hence, H3PO4 content of

recycled acid is to be maintained below certain level. It was

decided to maintain H3PO4 content of H2SO4 upto 3 recycles sothat

the ruthenium DF remains atleast 600.
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Carbonisation of TBP in H2SO4 at 125, 150 lnd 175 °C for

duration of 4 hours was carried out under reflux. From the

analysis of the condensates/ it was observed that at 175 °C, there

is significant increase in the release of organic matter part of

which condensed easily. This was due to partial pyrolysis of TBP.

The butene gets polymerised to Cs and C12 hydrocarbons as was

observed in H3PO4 pyrolysis studied(lO) earlier. At 125 °C the

carbonisation is not proper. Hence 150 °C was selected for

carbonisation of TBP. Addition of 30 % H2O2 at 95±5 °C, started

oxidation immediately and raised the temperature of flask. Hence,

the addition has to be in small lots. There was foaming during

oxidation. DBP formed during carbonisation/oxidation of TBP has

detergent characteristics. Hence, stirring had to be. efficient to

break the film rising in void volume of reaction flask. Foaming

was more when quantity of water accumulated in the flask was

large. Intermittent evaporation of water by heating to 150 °C was

helpful to reduce foaming. This also carbonises the leftover

organic matter. Experiments performed on 50 ml batch of TBP-H2SO4

phase indicated that the H2O2 requirement was 140 % of

stiochiometric need.

The simultaneous addition of TBP-acid phase and H2O2 in

second set of oxidation experiments decreased the operation time

considerably. The reactor was maintained at 125 °C during

oxidation step. This enhanced the reaction rate. The foaming also

decreased substantially. The losses due to evaporation and

decomposition of H2O2 on carbonised matter, and in presence of

FeSO4 catalyst were less. This improved the efficiency and reduced
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the H2O2 requirements to 125 % of stiochioinetric amount. Hence

this second mode of operation is recommended for actual use.

The TBP and activity content of aged TBP-diluent waste given

in Table 1 indicates substantial radioactivity due to high energy

( above 1 MeV) gamma rays. This could be due to europium-152 and

europium-154 as in organic wastes presence of corrosion products

like cobalt-60 was not expected. Retention of europium, a

trivalent rare earth element, indicated that the waste sample is

highly degraded. Such TBP-diluent can retain Pu(III), Am(III)

alpha and Ce(III) beta-gamma activities. Deep wine red colour of

waste is an indication of high degree of degradation of waste

sample.

Because of its high degree of degradation, the DFs achieved

for alpha, ruthenium and other activities were low as compared to

simulated waste experiments. Alpha activity content of separated

diluent was 0.3 Bq/ml a activity in the separated diluent. If

required, by repeat contact with acid, this activity can be

further decreased. This is sufficient to qualify the separated

diluent as non-alpha wastes as it is below the specified value of

10 Bq/g. The beta-gamma activity is of low level. TBP content of

separated diluent was only 0.024 vol. %. TBP is not likely to pose

severe corrosion problems of P2O5 in the off-gases. Hence,

incineration of separated alpha suspect diluent is not difficult.

In contrast to experiments with simulated degraded TBP-dodecane

wastes, the DFs observed for aged waste samples when using H2SO4 -

H3PO4 mixture were higher as compared to when H2SO4 alone was

used.
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As seen in Table 2, the diluent separated from aged waste

contains .15.02 % n-undecane and 45.06 % n-dodecane as against

2.35 % and 94.56 % by volume for the one currently in use. The

branched alkane content of separated diluent was found to be 36.58

% against 0.1 % by volume for fresh diluent currently in use.

Thus, the composition of separated diluent was substantially

different in respect of linear as well as branched alkanes. The

degradation products of separated diluent are bound to be

different than those from fresh diluent.

The solvent additions to the reprocessing plants is generally

by way of make up volumes. Addition of solvent prepared from

recovered diluent to the reprocessing plant will change chemistry

of all solvent in plant. Hence recycling of diluent should not be

considered even if the plutonium retention test is satisfactory.

Incineration of separated diluent is recommended as the only mode

of treatment.

Using the different processes already developed at Trombay,

there exists a distinct possibility of making the H2SO4-H3PO4

mixture alpha free using extraction and/or ion exchange

chromatography. The low level inorganic liquid secondary wastes

can be discharged after treatment for ruthenium-106 removal. The

recovery of plutonium is important to reduce the cementation to a

bare minimum. Specific experiments in this direction need to be

conducted.

5.0 CONCLUSIONS

The above experiments have proved process feasibility to

obtain diluent containing low TBP and ruthenium and plutonium
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activities from spent solvent wastes. The experiments with

simulated degraded TBP-dodecane wastes could be extended to aged

TBP-dodecane wastes. The TBP in H2SO4 could be wet-oxidised by

H2°2« T n e H2SO4-H3PO4 mixture could be recycled in the process and

was more efficient in extraction of activity from aged waste.

The diluent separated from aged TBP-diluent wastes was found to

have very high branched alk'ane content and low n-dodecane content

as compared to the fresh diluent currently in use. Hence, it

cannot be recycled after purification. However it can be directly

incinerated due to its low TBP and alpha activity content.
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Table 1

Activity Content of Aged TBP-diluent Waste and
its Treatment by H2SO4 and H2SO4 - H3PO4 Mixture

Sr.
No.

1

2

3

4

5

6

7

8

9

Consti-
tuent

TBP

Gross a

Gross B

Gross x
(>200keV)

Gross x
(>1 MeV)

Ru-106

Sb-125

Ce-144

Cs-137

Quantity in 1
Aged Wastes £

Units

volume %

Bq/ml

Bq/ml

Bq/ml

Bq/ml

Bq/ml

Bq/ml

Bq/ml

Bq/ml

Crombay
5ample
value

31.88

164.9

1259.2

995.2

709.4

1047.1

4.9

70.2

7.1

Quantity 1«
phase sepai
H2SO4

0.059

5.2

251.8

150.8

105.9

177.5

1.9

11.5

6.5

>ft in Diluent
rated using
H2SO4-H3PO4

0.024

0.3

143.1

103.7

70.9

45.1

0.2

NEAR B.G.

2.2

* Assuming the cesium-137 peak efficiency of Na(Tl)I detector
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Table 2

Alkane Content of Diluent Separated from Aged TBP Wastes

and that of Fresh Sample

Sr.
No.

1

2

3

4

5

6

7

8

Constiuent

n-decane

n-undecane

n-dodecane

n-tridecane

n-tetradecane

n-pentadecane

n-hexadecane

branched alkanes

Separated Diluent
vol. %

1.77

15.02

45.06

1.41

0.21

0.02

0.00

« 36.58

Fresh Diluent
vol. %

0.09

2.35

94.56

3.01

0.18

0.07

0.04

s 0.10
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