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SUMMARY

This is the fifth annual progress report on work
sponsored by the National Council for Radio-
active Waste (Prav) concerning the conditioning
of nuclear power waste; the first one was issued
in June 1977. As the council will cease to exist
on 1 July 1981 and its duties transferred to
other bodies, it is also the last progress
report in this series.

Main parts of this programme have included the
use of zeolites and titanates to improve reactor
waste treatment, the fractionation of high level
reprocessing waste by extraction, and a study of
liquid partition chromatographic technique for
the removal of impurities from reactor cooling
circuits.

Preparation of large crystal zeolites has been
continued and refined. For titanate production
new routes are tried to produce material of a
form suitable for use in a sorption process. The
possibility of lithium-7 recovery from spent PWR
resins in the elution process is under study.
Final products from different routes of heat
treatment of loaded zeolites and titanates are
characterized and compared. These studies will
be reported later in 1981. In parallell to this
work a full-scale system is under study including
transport, system design, integrated process
flowsheets and cost estimates. The aim is to
have a basis early in 1982 to decide on the
merits of a plant at the planned repository for
low and medium level waste (SFR), to be commis-
sioned around 1990. A presentation of material
and process development work has been proposed
to the IAEA for the seminar on the management of
nuclear power plant waste in Karlsruhe, FRG,
5 - 9 October 1981.

In the high level waste fractionation project, a
demonstration of the developed process has been
performed on a fission product solution from the
reprocessing of low burn-up fuel. Disregarding
some equipment malfunction the design goal of
better than 09.99 % actinide removal from the
high level waste solution was reached. The basic
chemistry of the process seems to be quite
tolerant against reasonable flow rate deviations
in the extraction cycles. Also the concluding



sorption step on mordenite-titanate worked quite
well. Preliminary results from the demonstration
programme have been presented at an international
seminar in Jiilich, FRG, in June 1981.

The small scale experiments on liquid partition
chromatographic techniques have included studies
of the capacity of various carrier materials
treated with NH4 DEHP or Aliguat-336 to sorb
radioactive impurities from reactor water, both
in the laboratory and at the Ringhals-1 BWR. A
comprehensive final report has been issued (in
Swedish).
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1 INTRODUCTION

The National Council for Radioactive Waste
(Prav) was established at the end of 1975 as a
temporary measure on the proposal by the Govern-
ment Committee on Radioactive Waste and charged
with the responsibility for development of
radioactive waste management. It has been funded
through the Ministry of Industry and reports to
the Minister of Energy. The funding level is
around 15 M SEK per year. Other development work
in this area is sponsored by the Nuclear Fuel
Safety project (KBS), the Board for Energy
Source Development (NE), and the Nuclear Power
Inspectorate (SKI). The programmes of Prav and
KBS are coordinated by administrative arrange-
ments. Prav has also been supported by two
reference groups, for low- and medium level
waste management and for disposal related geo-
logical work.

For fiscal year 1980/81 (1 July - 30 June) the
total Prav programme has included three main
areas:

1 Management of low and medium level
waste

2 Reprocessing of spent nuclear fuel and
solification of high level waste

3 Radioactive waste disposal in rock

A separate budget area is administration, infor-
mation and risk analysis etc, common to the
total programme. Previous Prav sponsored work on
spent fuel transportation and storage is now
followed by a project in progress to build and
commission a central fuel storage facility
(CLAB) under SKBF responsibility.

The work covered by this progress report is in
area 1 and area 2 above. The council will cease
to exist 1 July 1981 and its duties will be
charged to a new authority, the Nuclear Waste
Board, and to the SKBF/KBS. Continued work in
area 1 covered by this report will be sponsored
by SKBF/KBS.



PREPARATION AND CERAMIZATION OF INORGANIC
ION EXCHANGERS

L Faith
Inorganic Chemistry 2
Chemical Center, Box 740
S-220 07 LUND
SWEDEN

2.1 Preparation of zeolites

Different synthetic zeolites have been prepared
in many different laboratories and industries
during the three last decades. The crystal sizes
of the products have always been very small and
in almost all cases below 10 pro. These small
particles are not useful in many applications
for example as catalysts and as ion exchangers
in columns. Granulation by incorporation of
binders such as clays more or less change the
properties of the materials and therefore many
attempts have been made to increase the crystal
and particle size of the pure zeolite.

We have in Lund for the last two years worked on
a method for the preparation of large zeolite
particles in the range 0.1 - 2 mm, from synthetic
glasses. This has been very successful and the
technique can be applied for the preparation of
almost any kind of zeolite. The method implies
synthesis of a highly energetic glass and hydro-
thermal crystallization in an alkaline solution.
It is illustrated in Figure 1.1.

Preparation of glass at

1200 - 1400° C, A - 8 h

Hydrothermal crystallization in

0.01 - 5M NaOH-solution at 70 - 350° C
for lOh - 6 weeks

Washing, drying and fractionation

Figure 1.1
Scheme for zeolite preparation from glass.



The method is very simple although one extra
step is introduced compared to the hydrogel
method. The products are easily washed and
require no granulation.

Example: Preparation of mordenite at 200°C.

8.0 g SiO2 + 1.0 g NaAlO2 + 0.82 g Na2C03 is
melted at 1 300°C to a glass with the composition
~ 2.5 Na2O-Al2O3-22SiO2. The glass is crushed
and the fraction 2 - 7 mm is hydrothermally
crystallized at 200°C in 0.25 M NaOH. Prismatic
mordenite particles of the size up to 1 mm are
formed.

2.2 Characterization of heat - treated
titanates

Phase analysis was performed by Guinier X-ray
powder films and density measurements according
to the Archimedes principle. The results are
presented in Table 1.
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Table 1

Density and structure of titanates, only preheated to different
temperatures, or HIP-treated after preheating to different tem-
peratures

cp = contains corrosion products
HIP = Hot Isostatic Pressing at 1 300°C and 150 NPa for 2 h

Material

NH^-tit

II

II

•i

II

ti

II

II

II

II

Na-tit
••

it

•i

i<

Na-tit

•i

ir

II

cp

HIP

II

II

II

II

cp

HIP

HIP

Pretreatment
temperature °C

500

600
700

800

900
500

600
700
800

900

500
600

700

800

900

500

600

700

800

900

Density
g/cm3

3.95

3.96
4.19

4.29

4.19
4.13

4.33
4.40
4.24

4.25

3.80
3.92

4.16

4.24

4.23

3.95

not deter-
mined
4.23

4.25

4.22

Phases after
treatment

80
20
•i

80
20
70
30
»
70
20
10
II

% Anatase
% Rutile

% Rutile
% Spinel
% Rutile
% Spinel

% Rutile
% Chrichtonite
% Unidentified

+ Ilmenite
not determined
90
10
70
30

% Rutile
% Chrichtonite
% Rutile
% Fe2TiO5

(pseudobrookite)
100 % Anatase
80
20
70
20
10
70
30
70
25
5
50
30
15
5
ev

% Anatase
% Ilmenite
% Rutile
% NaFeTi3O8-type
% Anatase
% Rutile
% NaFeTi3O8-type
% Rutile
% NaFeTi3O8-type
% Chrichtonite
% Rutile
% NaFeTi3O8-type
% Chrichtonite
% Unidentified
Ilmenite

not determined

60
20
15
5
40
30
25
5
60
20
15
5

% Rutile
% NaFeTi3O8-type
% Chrichtonite
% Unidentified
% Rutile
% NaFeTi3O8-type
% Chrichtonite
% Unidentified
% Rutile
% NaFeTi3O8-type
% Chrichtonite
% Unidentified



All percentage figures in the table are estimated
from the relative intensities of the powder
diffraction lines.

The hot isostatic pressing gives a much more
dense and pore-free material than a simple heat
treatment, but also the pretreatment temperature
is of great importance for the final result. At
temperatures between 700 and 900°C rutile nuclei
are formed. Therefore the pretreatment in that
interval is important for the number of rutile
nuclei formed and consequently for the final
size of the rutile crystals after the HIP treat-
ment where the smallest crystal size yields the
most dense materials.

Figure 1.2 gives the appearance of ammonium
titanate preheated to 900°C and Figure 1.3 a
picture of the same material after HIP-treat-
ment.
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Figure 1.2

NH4-titanate heat treated at 900°C. 3 500x

Figure 1.3

The same NH4-titanate as in Figure 1.2 after hot
isostatic pressing.
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USE OF INORGANIC ION EXCHANGERS
REACTOR WASTE TREATMENT

IN

S Forberg
Department of Nuclear Chemistry
The Royal Institute of Technology
3-100 44 STOCKHOLM
SWEDEN

3.1 Preparation

Sodium titanate and other titanates have since
1976 been produced by us in kilogram quantities
for research purposes according to a method
developed that year. The raw material was TiCl4.
We came to the conclusion last year that this
quality would be too expensive in Sweden for
reactor waste treatment when produced only in
quantities for this demand. As other stable
customers were lacking a new production route
from a new raw material was developed, promising
a very cheap product even at small production
rates. This product will appear as equally sized
grains of cylindrical shape with length = diameter
~ 1 mm. Elsewhere a sorbent formed in a similar
way has proved very useful in fluidized beds
(1). The mechanical strength of this quality is
somewhat inferior to the strength of earlier
products obtained by us. This drawback is expected
to be well compensated for when the sorbent is
supplied and used in prepacked cartridges (see
section 3.5).

3.2 Elution of spent PWR resins

As described in earlier progress reports in this
series, a method has been developed for transfer
of radioactive and corrosion products from spent
organic ion exchange resins to inorganic ion
exchangers by meaifs of sodium tartrate (2). The
development was made solely for BWR waste.
Regarding radioactive contents and overall
chemistry the spent resins from PWR are very
similar. Differences to be recognized are their
contents of enriched lithium-7, being of interest
for economical and resource reasons, and of
borate, which could be a possible source of
disturbance for the chemical process as a whole.

The experiments are still in a preparatory
stage. The practical application is foreseen in
a plant for the treatment also of BWR waste. For
simplicity, the chemical systems ought to have



12

as many components common as possible. Therefore,
elution experiments were made with 0.15 M tartaric
acid and its disodium salt. With mixed-bed
resins of 10 ml volume, 5 bed volumes of the
acid eluted only a fraction of the lithium and a
still smaller fraction of most radioactive
species, while the salt eluted most of the
lithium, much of the radioactivity, and a larger
part also of the borate. The lithium has to be
recovered in a pure, inactive form. The results
mentioned speak for the acid, the simplicity
speak for the salt, and the latter was chosen
for a combined elution-adsorption (by titanate)
experiment.

3.3 Final heat treatment of inorganic ion
exchangers

After sorption of transferred radioactive species,
the inorganic ion exchangers must be consolidated
in some way before disposal. The successive
formation of crystal phases at the heating of
titanates and zeolites have been reported together
with Soxhlet leach rates (3). The consolidation
methods used were hot isostatic pressing, per-
formed at ASEA, Robertsfors, and hot uniaxial
pressing, performed at Studsvik. However, for
some reasons, the former method did not show to
advantage. Therefore, the studies were continued,
including also atmospheric sintering as an
alternate method. The shrinkage during hot
isostatic pressing may be a crucial point for
that method. Hence, some attention was paid to
this aspect. It was found that titanates by
simple shaking could be packed to a bulk density
of more than 2 000 kg/m3 after preheating to
900°C. This condition was chosen, although some
doubt has arosen later about possible disadvantages
from crystal growth during the pretreatment. A
somewhat higher density was obtained for the
same titanate preheated at 700 or 800°C. The
consolidated materials are leach tested at 100°C
in a Soxhlet apparatus and at 40°C in granitic
ground water. The experiments aim at guiding
technically the choice of method and equipment
for the final treatment. A technical report will
be issued this fall.

Some other sides of the process are also being
studied, e.g. the risk of activity volatiliza-
tion and its prevention. A presentation has also
been suggested for the 4th annual MRS meeting on
nuclear waste in Boston November 16 - 19, 1981
(4, Annex A).
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3.4 Immobilization of reprocessing waste

In a cooperative effort during 1980 we had the
opportunity to develop a method for waste immo-
bilization by means of titanate ion exchangers,
using small volumes of a solution from repro-
cessing experiments in the 60's at the Institute
for Energy Technology at Kjeller, Norway. The
solution was similar to commercial HLLW in many
respects. Problems in connection with preneu-
tralization, clogging etc were mastered in a
short time, and a simple process was developed,
resulting in decontamination factors higher than
108 for Sr, 107 for Cs, 10s for Pu, 104 for U
and Am and ~ 1 for Tc-99. Tc-99 could, on the
other hand, be sorbed by sodium titanate partly
loaded with Fe2 (or Sn2 ), with decontamination
factors from 103 to 104 (5).

The volume of waste solution treated was twice
the bed volume of titanate consumed. Whereas the
end volume of hot isostatically pressed titanate
is 1/6 or 1/7 of the bed volume, this end volume
is less than 1/12 of the volume of waste immobilized.
The experiences were presented at an international
seminar in Jiilich (6).

3.5 A cartridge system

It was recognized during the work with repro-
cessing waste mentioned above that in the long
run cross-contamination could only be avoided by
thorough, expensive decontamination when working
with high decontamination factors in a multi-column
system. One single column with the bed moving in
counter-current with the influent might be a
solution, and this could hardly be achieved
without serious attrition, unless the titanate
was packed and moved in cartridges.

The way of hygienic emptying of the columns and
drying of the titanates has repeatedly been
questioned. The answer might be cartridges, in
which the titanate should remain in the columns
and during drying and final treatment. For the
reasons mentioned, and also for transport and
handling of the titanate without attrition and
need for back-wash, a cartridge system was
devised at the drawing table. A presentation is
suggested for the 4th Boston Meeting this fall
(7, Annex B).
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CENTRAL PLANT FOR THE TREATMENT OF
SPENT ORGANIC ION EXCHANGE RESINS

C Thegerström
Studsvik Energiteknik AB
S-611 82 NYKÖPING
SWEDEN

Coordinated with and based on experimental work
on the use of zeolites and titanates in reactor
waste treatment, studies on the application of
these new techniques on an industrial scale are
in progress.

The full-scale system under study comprises

transport of spent organic resins from
power plants to a central waste treat-
ment plant

elution of medium level resins and
sorption of eluted nuclides on zeolites/
titanates

heat treatment of active zeolites/
titanates into ceramic bodies

incineration or "direct disposal" of
eluted organic resins and other low
level organic resins

Main advantages of the proposed system compared
to present practices (solidification in cement
or bitumen) are

an efficient volume reduction (initial
waste volumes are reduced by a factor
of 10 compared to a volume increase by
a factor of 2 for bituminization and a
factor of 4 - 20 for cementation)

stable, very leach-resistant inorganic
final products

A dxsadvantage might be the introduction of more
complex systems for waste treatment.

Features of present practices and the proposed
system are listed in Table 4.1.

Studies on central waste treatment plant pro-
cesses and layout, overall system analysis and
cost calculations will be made during 1981. A
comprehensive technical/economical comparison
between present practices and the proposed new
methods will thus be presented early in 1982.
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An extended synopsis on material and process
development work has been submitted for pre-
sentation at the IAEA seminar on nuclear power
plant waste management in Karlsruhe, FRG,
5 - 9 October 1981 (1).

Reference

1. HULTGREN, Å, FORBERG, S, FÄLTH, L and
THEGERSTRÖM, C
The PILO Process: Zeolites and Titanates
in the Treatment of Spent Ion Exchange
Resins.

Table 4.1

Comparison of present practices and proposed system

o Solidification of
resins into cement
or bitumen at each
power plant

o Storage of solidi-
fied waste

o No treatment of
resins at power
plants

PRESENT PRACTICES

o Planned transport o Planned disposal in
of solidified waste rock
by ship to disposal
facility

PROPOSED SYSTEM

o Transport of resins o Transfer of activity
to central waste,
treatment plant '

to zeolites/titanates

o Heat treatment of
zeolites/titanates

o Incineration or
disposal of low
level resins

o Disposal of ceramic
blocks in bedrock

l' Central waste treatment plant to be co-located with a power
station and the final disposal facility.
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A METHOD FOR FINAL TREATMENT OF RADIO-
ACTIVE WASTE

J O Liljenzin
Chalmers University of Technology,
Department of Nuclear Chemistry
S-402 20 GOTHENBURG
SWEDEN

5.1 Introduction

The long-term hazard of radioactive waste is
dominated by the actinides in the high level
liquid waste resulting from Purex reprocessing.
The aim of this process is to find a method to
decrease the long-term hazard of the HLLW and
hence the necessary time of controlled storage.
A three cycle solvent extraction process has
been designed for the removal of the actinides.
In the first cycle U, Np and Pu are removed
together with Zr, Nb, Mo, In, Pa and Fe by
extraction with IM HDEHP. The extract is then
scrubbed to remove most of the coextracting
elements before stripping the actinides with a
mixture of ammonium carbonate and mannitol. In
the second cycle the nitric acid content of the
HLLW is reduced to about 0.1 M by extraction
with 50 % TBP. Together with the nitric acid
most of Ru, Pd and Tc are extracted and gives a
separate product stream. The reduction of the
nitric acid facilitates a third cycle where Am
and Cm are extracted together with the ian-
thanides, again with 1M HDEHP. Further treatment
of the organic phase by a reversed TALSPEAK
procedure separates Am and Cm from the lanthanides.
In a supplementary operation the raffinate from
the extraction process is treated on inorganic
ion exchangers, mordenite to remove Cs and
titanate with the ability to sorb most of the
elements still remaining in the HLLW.

5.2 Hot test of the process

During this period experimental work has been
concentrated on a hot test of the process. To
minimize the need for equipment and radiation
shielding, the hot test was run in four campaigns
with the process split into four separate parts:
i. first HDEHP extraction cycle ii. TBP extraction
cycle iii. second HDEHP extraction cycle and iv.
sorption on inorganic ion exchangers. A block
diagram for the process with the separate campaigns
indicated, is given in Figure 5.1 and a more
detailed flowsheet for the solvent extraction
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part is given in Figure 5.2. The equipment used
had thus to be disassembled, decontaminated and
reassembled between the campaigns. The waste
product from each campaign was stored to act as
feed in the next campaign. The waste solution
used as feed to the first cycle originated from
the reprocessing of natural uranium fuel with a
burnup of 200 - 450 MWd/t. The average cooling-
time of the solution, at the time of the hot
test, was around 15 years. The approximate
composition of the solution was U 24 g/1, Pu
7 mg/1, Am 8.5 g/l, Fe 1.5 g/1, fission products
0.2 g/1, unspecified inorganic compounds 8 g/1
and 6 M nitric acid. The total activity of the
waste solution was abound 2 Ci/1 (7«1010 Bq/1).

Henceforward, upper limits of activity levels
that are given for different streams correspond
to measured value plus two standard deviations.
As the analyses now are more complete, given
values may differ somewhat from the preliminary
figures given in the paper presented at "Inter-
national Seminar on Chemistry and Process
Engineering for High-Level Liquid Waste Solidi-
fication", see point 5.3.

In the first campaign 16 1 of waste solution
were treated in the first HDEHP extraction
cycle. No Pu could be detected in the waste
product using o-spectrometry. In the scrubbing
of Zr, Nb and Pa with a mixture of 0.4 M HNO3

and 0.4 N HF periodic losses of Pu occurred due
to a pump malfunction, part of the time giving a
flow much higher than the design flowrate. About
3 % of all Pu was found in this solution at the
end of this campaign. Extraction tests on the
Pu-containing HN03/HF-solution showed D p -values
around 10. This is believed to exclude tne
result to be caused by inextractable Pu-species.

The acidity of the waste product solution from
the first campaign was decreased from 6 M to
0.1 H in the TBP extraction cycle during the
second campaign. Coextracted Ru, Pd and Tc were
sorbed on an anion exchanger, Dowex 1x8. The
recovered nitric acid and the acidic effluent
from the anion exchanger both had a small conta-
mination, mainly from Am and Eu, giving an
a- and p-activity of <200 and <2.7 105 Bq/1
respectively for the recovered nitric acid and
<730 and <1.8 106 Bq/1 respectively for the

L.
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effluent from the anion exchangers. No sorption
of Am or Eu on the anion exchanger was noticed.
The small amounts of Am and Eu found in these
streams is of no importance since most of these
elements will remain in the bottoms residue from
the acid evaporation and is intended to be
returned to the fxrst cycle feed, as shown in
Figure 5.2. The recovered nitric acid had a
concentration of 3.3 M and amounted to about
150 1. Due to the split of the process in several
parts, this acid could not be concentrated and
recycled to the first cycle. However, about 10 %
of it was re-used in the preparation of solutions.

5i2i3

The low acidity waste product from the TBP cycle
was used as feed to the second HDEHP-cycle
during the third campaign where Am, Cm and the
lanthanides were coextracted and separated using
a modified TALSPEAK process. The waste product
from this cycle contained <0.09 % of the Am-Cm
activity in the feed. The lanthanide fraction
contained <0.7 % of the Am-Cm and the Am-Cm
product <0.7 % of the lanthanides (measured as
l s 2Eu), as an average for the whole campaign.
The separation efficiency could probably be
improved by the introduction of additional pH
control circuits.

During operation a slow decrease in separation
efficiency occurred. This was probably due to a
slow loss of lactic acid with the organic phase,
leading to decreased rates of Am-Cm stripping.
During a longer campaign it would thus be neces-
sary to add calculated amounts of lactic acid
from time to time.

A slow accumulation of Fe, Co, Sb and Cs in the
circulating DTPA-solution was observed. The rate
of Co, Sb and Cs accumulation could probably be
decreased by adding one or two more scrub stages
in the first extraction battery. On the other
hand to prevent accumulation of iron, a small
and continuous withdrawal and replacement of the
DTPA-solution should be done. This would also
counteract the accumulation of the other elements
mentioned.

5^2^ «._Sorgtion_camgaign

In the last campaign the remaining traces of
actinides (<0.006 % of initial a-activity) and
fission products were sorbed on consecutive
columns of mordenite and ammonium titanate. The
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feed solution, about 0.1 M in nitric acid, was
pumped directly to two serial columns containing
about 250 ml mordenite each. A linear liquid
velocity of about 1.7*10~ m/s was used for all
coxumns. On the first of these columns almost
all Cs was sorbed, the second one acting only as
a safety precaution. No 137Cs could be detected
in the outlet from the mordenite columns using
Y-spectrometry. The acidic effluent was neutral-
ized to pH 2.5 in two serial mixing vessels,
using 4 M diethylamine in the first (coarse
adjustment) and 0.25 M diethylamine in the
second vessel (fine adjustment). The neutralized
solution was then pumped to two serial titanate
columns with a volume around 350 ml • »ch. The
effluents from these had an average activity
level of <100 Bq/1 a and <2.0 105 Bq/1 p, with
12<iSb as dominating nuclide. An a-activity level
of 100 Bq/1 corresponds to 0.004 % of initial
o-activity.

When the first titanate column was utilized to
its capacity and the pH of its effluent dropped
rapidly, it suddenly showed a dramatic increase
in pressure drop. Due to this it wat bypassed
and the campaign completed with only one titanate
column. It was found that a bluish precipitate
had accumulated in the pH electrode pocket
situated after the first titanate column. This
precipitate was strongly active and an X-ray
fluorescence analysis showed that the main
constituents were Ni, Cr and Mn. The origin of
these elements is uncertain.

5.2.5 Decontamination

It was found that a 50 % ethanol solution in
water was a very effective reagent for primary
decontamination of both metallic and plastic
parts. The best reagent for final decontamination
of metal parts was a dilute EDTA solution. How-
ever, that solution was nearly ineffective on
plastic parts. Ammonium carbonate solution
(0.5 M) turned out to be an extremely effective
reagent in removing o-contamination from plastic
surfaces (plexiglass, PTFE, PVDF and polyethylene)

5.2.6 Conclusions

Disregarding the loss of some Pu to the 1CAR
stream caused by a faulty pump, it was found
that the process operated slightly better than
expected. The design goal was a 99.99 % removal
of actinide activity before the sorption step
and the measured removal was >99.994 %. Although
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the flowsheet seems complex, the basic chemistry
is quite tolerant against reasonable flowrate
deviations. The sorption of the purified waste
solution on inorganic ion exchangers also worked
well and might be an alternative to vitrification,
provided that suitable sintering techniques are
developed.

5.3 Publications

The equipment and the experience gained during
the cold tests have been described in a paper
"Experience from Cold Tests of the CTH Actinide
Separation Process" presented at "Symposium on
Industrial-Scale Production, Recovery and Puri-
fication of Transplutonium Elements", ACS Meeting,
Las Vegas, Aug 24 - 29, 1980. A summary of the
preliminary results from the hot test has been
published in a paper "Equipment, Operation and
Some Results from a Hot Test of the CTH Actinide
Separation Process" presented at "International
Seminar on the Chemistry and Process Engineering
for High-Level Liquid Waste Solidification",
Jiilich, June 1 - 5 , 1981.
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Block diagram for the CTH actinide separation process.
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Figure 5.2

Flowsheet for the solvent extraction part of the
CTH process. Thin lines designate aqueous and thick
lines organic streams. All streams in the process
are named using a digit and three letters. The
naming convention is as follows: Digit and first
letter = battery which stream leads to or comes
from (hence some streams can have alias names).
Second letter = A for aqueous or 0 for organic
phase. Last letter = F for feed, W for scrub or
R for product.
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A LIQUID PARTITION CHROMATOGRAPHIC
METHOD FOR REMOVAL OF IMPURITIES FROM
REACTOR COOLING CIRCUITS

J-0 Liljezin
Chalmers University of Technology
Department of Nuclear Chemistry
S-402 20 GOTHENBURG
SWEDEN

The aim of the project was to develop a liquid
partition chromatographic method for removal of
both cations and anions from reactor cooling
circuits. Various carrier materials prepared
with NH4 DEHP or with Aliquat-336 were tested,
in the laboratory and at the Ringhals-1 BWR
plant. Fairly slow sorption kinetics and lower
than expected capacities were found for both
sorbents. Regeneration and re-use of both sor-
bents was demonstrated.

The project has been concluded and a comprehensive
report has been issued.

Reference

BALMÉR, K, LILJENZIN, J-O and RYDBERG, J
Final report on "Extraction chromatographic
method for removal of impurities in reactor
cooling circuits". 81-06-15. In Swedish.



Annex A

MRS Annual Meeting in Boston Nov 16-19 1981: Scientific Basis for Nuclear
Waste Management.
Abstract:

A COMPARISON BETWEEN HOT ISOSTATICALLY AND UNIAXIALLY PRESSED AND SINTERED
TITANATES AND ZEOLITES AS HOSTS FOR MEDIUM LEVEL, "REACTOR". MASTES.
S. Forberg and T. Westennark, Department of Nuclear Chemistry, The Royal
Institute of Technology, S-100 44 Stockholm, and L. Faith, Inorganic
Chemistry 2, Institute of Technology, S-220 07 Lund, Sweden.

Hot isostatic pressing, hot uniaxial pressing, and cold pressing followed
by simple sintering were technically compared as methods for conditioning
of titanates and zeolites with radioactive and corrosion products having
been transferred from organic ion exchangers, used for parallell purification
of BUR water.

The pre-pressing conditioning, i.e. pre-heating, of the inorganic ion ex-
changers was studied, e.g. the bulk density obtained and the limitations
from volatilization of radioactive species.

The density, the crystallographic composition and the leachability at Soxhiet
tests and in cold (40 C) granitic ground-water were studied.

Sevaid Forberg,
Dept. of Nuclear Chemistry,
The Royal Institute of Technology,

S-100 44 Stockholm, Sweden
Tel. Sweden 08-787 7193



Annex B 1
Abstract for
MRS Annual Meeting in Boston Nov 16-19 1981:
Scientific Basis for Nuclear Waste Management

A CARTRIDGE SYSTEM FOR THE WHOLE SOLIDIFICATION ROUTE FROM LIQUID WASTE TO A
STABLE END PRODUCT. S.Forberg, K.Svärdström and T.Westermark, Department of
Nuclear Chemistry, The Royal Institute of Technology, S-100 44 Stockholm,
Sweden.

Aiming at a simple, hygienic and fool-proof handling of radioactively charged
inorganic ion exchangers, a cartridge system was designed for the whole route
from packing of channel-free beds, via charging and emptying of the columns,
to drying and pre-heating of the beds, and packing of the canisters for final
conditioning (hot isostatic or hot uniaxial pressing or sintering).

The cartridges are slightly conic "cylinders" with the open base upwards and
a bottom net carrying the bed. With a suitable arrangement they can be moved
counter-currently against the flow of radioactive solution through the column,
minimizing any cross contamination and the consumption of inorganic ion ex-
changer at the same time. After charging and removal from the column, each bed
is dried and pre-heated in a stream of hot gas and then placed in a canister
for pressing or sintering. At shaking,the hot beds are shrinking, titanate
beds to 1/3 of their original volume. The thin-walled cartridges fit into each
other, permitting a tight, continous packing of the canister..

After suitable measures, HLLW trapped in titanate in such cartridges could
form bodies with rutile as a continous natrix end as a protective outer layer,
a MEGANNITE, with an optional million year warranty.

Sevald Korberg,
Department of Nuclear Chemistry,
The Royal Institute of Technology,
S-100 44 Stockholm,
Sweden

L. „..


