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Abstract: 106Ru is one of the major radionuclides of concern in the aqueous
radioactive waste generated during the reprocessing of the spent fuel. Intermedi-
ate level radioactive liquid waste (ILW) stream is generated during reprocessing
of spent fuel and is neutralised with alkali to enable it to be stored in carbon steel
tank. The waste is initially treated for 137Cs recovery using a specific resorcinol
formaldehyde (RF) ion exchange resin. The effluent stream from the ion exchange
treatment process has significant activity due to 106Ru. The present paper deals
with a chemical treatment study for removal of 106Ru in the effluent using sul-
phides of cobalt and nickel. The decontamination factor of 250 obtained using
NiS (at 2500 ppm concentration of Ni2þ) is distinctly better than that obtained
using CoS (at 7200 ppm concentration of Co2þ).
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INTRODUCTION

Reprocessing of the spent fuel from reactor generated broadly two
categories of radioactive liquid waste streams viz. high level liquid waste
(HLW) and intermediate level radioactive liquid waste (ILW). HLW in
acidic condition is stored in Stainless steel (SS) tanks for its subsequent
vitrification, while ILW is neutralized by alkali and stored in Mild steel
(MS) tanks for suitable treatment. Due to neutralization large salts are
introduced in the waste. Major radionuclides present in the ILW are
137Cs, 90Sr, 106Ru, and trace concentration of actinides.

The chemical characteristics of ruthenium are quite complicated,
because ruthenium possesses many oxidation states and related com-
pounds. In acidic waste stream Ru exists as a complex nitrosyl ruthenium
(Ru-NO) species. This can be represented by general formula (1).

½RuðNOÞðNO3ÞxðNO2ÞyðOHÞzðH2OÞ5�x�y�z�
3�x�y�z

The nature of the complex may be cationic, neutral or anionic
depending on the number of ligands attached to RuNO group.

When the acidic waste is neutralized, the ruthenium species in alka-
line conditions may exist as ruthenate ion (RuO2�

4 ) or perruthenate ion
(RuO�4 ) (2); however, the exact nature of the ruthenium species in alka-
line condition is not understood properly hence most of the work related
to ruthenium removal is performed with actual liquid waste solutions.

Major quantities of 90Sr and actinides present in ILW are removed
by precipitation, in which carbonates present in the waste are destroyed
by acidification followed by alkaline precipitation. The resultant superna-
tant is passed through a column containing resorcinol formaldehyde
(RF) resin to specifically remove 137Cs (3). However, the resin does not
provide any decontamination for 106Ru and this radionuclide finds its
way in the resin column effluent. Therefore the radioactive effluent
stream of the ion exchange treatment process, which is low active in nat-
ure (with gross beta value of 2.05 mCi=L), needs further chemical treat-
ment for removal of residual 137Cs and 90Sr as well as specific chemical
treatment for 106Ru prior to dilution and discharge.

106Ru can be removed from such waste streams by using Fe2þ as car-
rier in reduced atmosphere (4,6). However, this method provides a poor
decontamination factor, which is not adequate for effective removal of
106Ru. Use of zinc charcoal mixture as adsorbent has been explored for
the removal of 106Ru from the radioactive waste stream (4–7). This
method was found to be useful in acidic conditions and provides an over-
all decontamination of about 10 which was not sufficient for the effective
removal of 106Ru from the present waste stream. Polyaniline has been
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used for the removal of 106Ru from the aqueous waste stream at pH 5.0
and above (8–10). However, this was found to be useful for the radioac-
tive waste having lower ruthenium concentration (10�2 to 10�3 mCi=L)
and lower dissolved salt content (upto 1–2 gm=L). Precipitation of copper
ferrocyanide with the help of sodium ferrocyanide and copper sulphate
was also reported for the removal of 106Ru from radioactive liquid waste
stream at pH 4–6.0 (11). Use of sulphide precipitates of Fe2þ, Co2þ has
been reported earlier (4,12). An attempt was made in the present work to
remove 106Ru from such waste using S2� precipitation of Co2þ and Ni2þ.
The study was carried out to optimize the experimental parameters for
the quantitative decontamination of 106Ru. Further conditioning in
cement matrix of the chemical sludge obtained during the chemical treat-
ment of the effluent waste with respect to 106Ru using NiS precipitation
was also studied.

EXPERIMENTAL

Chemical Treatment of Intermediate Level Radioactive Liquid

Waste (ILW)

ILW was decontaminated with respect to alpha radionuclides and 90Sr
after elimination of carbonates by acidification. The carbonates, present
in the waste, form soluble complexes with alpha radionuclides and affect
the decontamination factor. Hence prior to the alkaline precipitation of
alpha radionuclides, the carbonates are destroyed by the addition of
nitric acid. This is followed by alkaline precipitation at pH 13.0 and set-
tling. The clear supernatant thus obtained was passed through resorcinol
formaldehyde (RF) resin column for removal of 137Cs (3). The character-
istic properties of the alkaline radioactive liquid waste and effluent are
presented in Table 1. The effluent obtained from the column was further

Table 1. Properties of the alkaline radioactive liquid waste before and
after resorcinol formaldehyde ion exchange treatment

Properties Initial waste Effluent waste

pH 12.07 11–11.5
Total solids, % (wt=vol) 22.1 22.1
Gross beta, mCi=L 38.0 2.05
Gross alpha, mCi=L 0.1–0.2 <2.0� 10�4

137Cs, mCi=L 28.04 0.45
106Ru, mCi=L 1.3 0.8
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taken up for 106Ru removal using S2� precipitation of Co2þ and Ni2þ.
The details of the three sets of experiments are as follows.

(1) Set – I: Co-precipitation of 106Ru with CoS was carried out using
cobalt nitrate and sodium sulphide at pH 10.0. The clear supernatant
obtained from the first step of precipitation was taken for second step
precipitation.

(2) Set – II: Co-precipitation of 106Ru with NiS was carried out using
nickel nitrate and sodium sulphide at pH 10.0. The clear supernatant
obtained from the first step of precipitation was taken for the second
step precipitation. Different sets of experiments were conducted to
optimize the concentration of Ni2þ and S2� required for achieving
maximum decontamination of Ru106. The concentration of Ni2þ

was varied from 200–6000 ppm and corresponding equimolar quan-
tity of S2� was added. The NiS precipitation study was also con-
ducted at pH 13.

(3) Set – III: Further study was carried out to visualize the repeated=
cascade manner use of NiS precipitate=sludge obtained from above
experiment. For this purpose the experiments were conducted on
100 ml batch size. The sludge of NiS obtained from first set of experi-
ment was recovered by decantation of the upper clear supernatant. In
this sludge fresh 100 ml effluent waste was added and the solution was
stirred for one hour. After one hour, the sludge was allowed to settle,
a clear supernatant was removed, and its 106Ru content was moni-
tored. Such reuse of the sludge was performed repeatedly five times.

All the above sets of experiments were repeated for four to five times and
average results are indicated in the table and figures given below. The
results are within �5 % variation.

Cementation of the NIS Sludge

The sludge obtained after five steps of equilibration was found to contain
major proportion of 106Ru. In order to check the compatibility of NiS
sludge with high 106Ru content in the cement matrix, a cementized waste
product was prepared using ordinary Portland cement (13) and vermicu-
lite. The cement block was cured for a period of 28 days.

Leaching of the Cement Block

The cured cement blocks were subjected to leaching in distilled water
media at room temperature. The leachant was replenished periodically
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and its 106Ru activity was monitored using high purity germanium
(HPGe) 8K multichannel analyser. Details of the cement block and the
leaching parameters are given in Table 3. The leach rate was calculated
on 106Ru loss basis.

Leach Rate ¼ Fraction of activity leached �wt. of cement block (gm)

Surface area (cm2) �Time in days

RESULTS AND DISCUSSION

CoS precipitation with Co2þ concentration of 7200 ppm and S2� concen-
tration of 4000 ppm gives a decontamination factor (DF) of about 185
with respect to 106Ru and about 64 with respect to 137Cs in two steps
(Table 2). Table 3 shows the DF value of 250 with respect to 106Ru
and about 34 with respect to 137Cs in two steps using 2500 ppm of
Ni2þ and 1326 ppm of S2�. The DF values in case of NiS precipitation
are lower with respect to Cs but are higher with respect to Ru as com-
pared to CoS co-precipitation, even though the concentration of NiS is
about one-third. Consequently, the sludge volume generated also is less
during NiS treatment as compared to CoS treatment. The chemicals
nickel nitrate and sodium sulphide were added in stoichiometric propor-
tion for precipitation. However, cobalt nitrate was added slightly more
than the stoichiometry. This was based on the practically DF achieved.

As it is observed from Fig. 1, with increase in concentration of Ni2þ and
S2�, the decontamination factor for 106Ru also increases. It ranges from 4 to
58. However, concentration of Ni2þ as 2500 ppm and that of S2� as
1326 ppm was found to be optimum. Further increase in concentration of
Ni2þ as well as S2� does not result in appreciable increase in DF. Hence, this
concentration of Ni2þ and S2� was selected for the subsequent work.

Table 2. Details of CoS precipitation experiment

Final activity
(mCi=L) Decontamination factor

Initial activity,
(mCi=L)

First
step

Second
step

First
step

Second
step Cumulative

Gross beta 2.05 0.075 0.022 27.3 3.41 93.1
137Cs 0.45 0.022 0.007 20.4 3.14 64.1
106Ru 0.8 0.024 0.0044 33.3 5.58 185.8
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With these concentrations of Ni2þ and S2�, the first step treatment
gives a DF of 53.3 and 6.25 for Ru106 and Cs137 respectively. The second
stage treatment gives a DF of 4.68 and 5.45 for 106Ru and 137Cs respec-
tively. Thus the overall DF achieved after the two-step treatments with
respect to 106Ru is 250 and for 137Cs is 34.0. Lower DF observed in the
second the step may be attributed to the lower concentration of 106Ru
present in the solution obtained after the first step precipitation.

Figure 1. Variation of decontamination factor with conc. of Ni2þ.

Table 3. Details of NiS precipitation experiment

Final activity
(mCi=L) Decontamination factor

Initial activity,
(mCi=L)

First
step

Second
step

First
step

Second
step Cumulative

Gross beta 2.05 0.12 0.02 17.1 6.0 102.6
137Cs 0.45 0.072 0.0132 6.25 5.45 34.1
106Ru 0.8 0.015 0.0032 53.3 4.68 249.4
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Figure 2. Decontamination factor vs no. of contacts.

Figure 3. Leaching behavior of CWP on activity loss basis/CWP: Cementised
Waste Product, CWP-1: with NiS sludge obtained at pH 10, CWP-2: with NiS
sludge obtained at pH 13.
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Figure 2 shows that the cascade manner use of NiS sludge generated
in one experiment with fresh waste was found to yield removal of 106Ru
upto five stage of equilibration. During 5 stage of equilibration with fresh
waste, DF decreased from 49 to 3. Though DF is decreasing at each
stage, it gives removal of 106Ru without addition of extra chemicals for
NiS precipitation. Decant from these experiments can be further polished
by second step NiS precipitation.

The DF for 106Ru obtained during insitu precipitation of NiS has
indicated a co-precipitation mechanism. However, during cascade man-
ner use of NiS sludge, when fresh waste was equilibrated with sludge
obtained in previous experiment, the decontamination of 106Ru observed
indicates that the removal of ruthenium from liquid waste is not just a
coprecipitation but there is sorption mechanism is also being followed.
There are still more active sites are left on the NiS precipitate particles,
which provides area for further sorption of ruthenium when fresh liquid
waste was equilibrated. The detailed study pertaining to the same is on
the way. The same will be addressed in future.

NiS precipitation was carried out at pH 10 and 13.0. It showed that
the settling of NiS precipitate was better at pH 10. The time required for
bulk settling of NiS precipitate at pH 10.0 was 1.0 hour. However, at pH

Table 4. Details of cement block and leaching parameter

Parameters of cementation

pH of sludge 10 13
Volume of Sludge 30 ml 30 ml
Cement, gm (1.3 time sludge volume) 39 gm 39 gm
Vermiculite 3 gm 3 gm

Details of cement block

Height of cement block, cm 3.2 3.2
Diameter, cm 3.8 3.8
Weight, gm 72.99 71.92
Surface Area (S.A), cm2 60.85 60.85

Leaching conditions

Leachant Distilled water Distilled water
Temperature Ambient Ambient
Volume of Leachant, ml 600 600
S.A.=Vol. of leachant 0.1 0.1
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13.0, the settling time required was more than 24 hours and still equiva-
lent settling was not observed.

The leaching data with respect to the cementized waste product after
a period of 90 days shows that the leach rate is 3.2� 10�6 gm=cm2=day
on 106Ru loss basis. From Fig. 3, it was observed that though the cement
blocks were made using NiS sludge obtained at pH 10.0 and 13.0, the
leach rate of both the cement blocks are almost the same. This demon-
strates the compatibility of the sludge with the cement matrix and can
be immobilized in ordinary portland cement with a sludge to cement ratio
of 1:1.3.

CONCLUSIONS

The effluent from the ion exchange treatment process can be effectively
decontaminated with respect to 106Ru using NiS coprecipitation. It also
provides decontamination of the waste with respect to 137Cs. Cascade
manner use of NiS precipitation helps to reduce the sludge volume gener-
ated during precipitation. The cascade manner use of NiS precipitate has
also indicated the sorption mechanism for decontamination of 106Ru from
the liquid waste. Use of the two-step treatment gives better decontamina-
tion. The NiS sludge waste obtained can be immobilized in ordinary port-
land cement with good chemical durability characteristics.
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