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lesto pervenuto nell'ottobre 1967 
Progetto Enea - Smaltimento rifiuti radioattivi o pericolosi (ED) 

I contenuti tecnico-scientifici dei rapporti tecnici dell'Enea 
rispecchiano l'opinione degli autori e non necessariamente quella dell'ente. 
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RIASSUNTO 

11 condizionamento in cemento di rifiuti radioattivi a media 
e bassa attività' può' dar luogo a seri problemi, a causa 
delle interazioni tra i rifiuti e i componenti del cemento. 
Alcuni inconvenienti possono verificarsi durante le prime 
fasi del processo di cementazione, mentre fenomeni 
indesiderati possono venire alla luce nel medio e lungo 
periodo. 

Al fine di migliorare la qualità' del prodotto finale occorre 
spesso effettuare un pretrattamento dei rifiuti radioattivi, 
come pure aggiungere speciali additivi alla matrice di 
cemento. 

In questo campo di ricerca assume una particolare importanza 
la previsione del comportamento a lungo termine dei rifiuti 
solidificati. A questo riguardo sono state proposte alcune 
prove accelerate, sebbene sia più' opportuno cercare di 
chiarire meglio i fenomeni di interazione tra i rifiuti e la 
matrice inglobante. 

In questo lavoro sono considerati in una breve rassegna i 
principali effluenti radioattivi, insieme con i possibili 
interventi per favorirne la cementazione. Da ciò' consegue, 
ancora una volta, l'opportunità' di trattare e condizionare 
separatamente rifiuti diversi tra loro. 

SUMMARY 

The incorporation of low- and medium level wastes in cement 
can give rise to serious problems due to the interaction 
between radwastes and cement components. Some troubles dan 
occur during the first stages of the cementation process 
while deleterious phenomena come into evidence in the medium--
and long term. * 

With the aim to improve the quality of the final waste forms 
a pretreatment of the waste streams is often necessary, as 
well as the addition of special agents to the cement matrix. 

The prediction of the long-term behaviour of the final 
products is of main importance in this research field. To 
this purpose some accelerated tests have been proposed, but 
much effort should be further devoted to the comprehension of 
the waste/matrix interaction. 

In this paper the principal waste streams are ^eviewed 
together with the possible remedies which seem to be more 
suitable for their cementation. Thus the opportunity of 
separatly handling and solidifying different types of waste 
is once more supported. 
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1 INTRODUCTION 

The incorporation o-f low- <s--a medium level radioactive wastes 
in a'i inert matrix to otLsin a mrnol ? th is. of relevant 
impcrtance in order to mi n A.iti z e the environmental impact of 
such wastes. 
To this end cement is extensively used in many Countries as 
incorporation matrix, owing to several advantages, like the 
safe handling, high shielding and water compatibility (most 
wastes are associated with water'. The drawback is that 
cement is not so "inert" towards the embedded wastes and 
chemical reactions can occur. 
This paper is a short review of the work undertaken in this 
field at ENEA Laboratories since over 10 years, mainly under 
research contracts with the Commission of the European 
Commun i t i es. 

.2 WASTE/CEMENT COMPATIBILITY 

One of the main problems encountered in the cementation of 
low- and «tedium level wastes concerns the waste/matrix 
interact!on. 
Actually most of the wastes taken into account are more or 
less incompatible with cement for reasons to do with their 
chemical reactivity and/or physical properties. Under this 
point of view various inconveniences can take place in the 
short term, while deleterious phenomena can occur even after 
years. The former include typically effects on the s*=t time 
of cement as well as difficulties in the preparation of. the 
mix (tendency of the wastes to float or to flocculate 
according to their density; no possibility of mixing, due to 
the presence of organic liquid wastes); the latter include 
swelling, crack formation, disruption phenomena. 
A summary of the difficulties posed by the cementation is 
presented in Table I, where the troubles given by the main 
waste streams are listed together with the indication of some 
remedies which can be adopted in each case, on the basis of 
the work made at ENEA Laboratories of Casacci a Research 
Centre. 
Short espi anati on rotes about the var ions types of waste are 
presented in the following. 

Bead ion-exchange resins. 
They represent one of the most important waste streams as to 
their radioactivity and to the quantity arising from 
operations at nuclear stations. The effects on cement after 
incorporation have been studied extensively /1//2/S the water 
demand by the resin beads and the * on-exchange action which 
does not cease insiJe the cement matrix have been put into 
evidence. Some ayen,-. . line vynil ester styrene and water 
extendible polymers, hc*ve been used as coating of the beads 
in the slurry prior to conditioning, with the aim to 
impermeabi 1 ize and make t :•.•.••.• behave like inert additives. The 
atti ipt was succes; ful to s.in» extent, as the obtainment of 
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an acceptable product with a waste loading up to 15% was not 
accompanied by an improvement of the leach rates /3/. 
The use of an Italian pozsolanic cement was studied in our 
laboratory. 
The preliminary results of this reseach are rerported in fig. 
1, where the acceptable formulations are shown in a three-
component diagram. 

BWR evaporator concentrates (Sulphates) 
Due to the presence of a high amount of sodium sulphate, 
reactions with cement components bringing to disruption 
phenomena (swelling and deep crack formation (fig.2)) can 
take place /4/. Actually sodium sulphate reacts both with the 
free calcium hydroxide to form calcium sulphate and with the 
hydrated calcium aluminates to form one or more calcium 
sulphoaluminates. These reactions lead to volume increase. A 
lower waste loading and the adoption of a sulphate-resistent 
cement can allow to obtain a suitable product /5/. 

PWR evaporator concentrates (Borates) 
Boric acid and borates are strong retarders towards the 
setting of cement, which can even not solidify at all /4/. 
A pretreatment of the waste with addition of slaked lime to 
keep the set times down to mormal values is necessary in this 
case. 
Water glass (a commercial sodium silicate solution) can be 
also helpful to improve the cohesion of the final product 
/5/. 

Powdered resins 
The behaviour of powdered resins in cement matrix is similar 
to the one shown by bead resins /6/. Again the adoption of a 
pozzolatic cement, experimented in our laboratory, proved 
successful in avoiding phenomena of extreme swelling, which 
are often encountered in such cases (fig. 3). Waste loadings 
up to 127. as dry resin were obtained /7/. 

Decontamination solutions 
The slight acidity of such solutions which makes them 
interact with the alkaline environment of cement has to be 
neutralized with the addition of calcium hydroxide. Further 
troubles are given by the presence of ammonium salts, with 
sul sequent evolution of gaseous ammonia and formation of 
macroscopic bubbles on the surface of the cemented waste 
(fig.4). The first experiments anyway give good results as to 
mechanical properties. 

Activated carbon 
Widely used in the filters as an absorbing agent or retention 
medium, it can i>a charged with various radionuclides. Due to 
the poor wetting it is not particularly compatible with the 
water in cement mixings. Moreover, by virtue of its 
relatively low settled apparent density, the activated carbon 
tends to float in cement paste. Such troubles can be overcome 
by addition to the paste of a fluidifying-accelerating agent. 



9 

Zeolites 
Exhausted zeolites used in -filters for the absorption o-f 
radioactive gases have a tendency to flocculate in cement 
mines /B/. The water demand is high and a saturation of the 
zeolites with water prior to conditioning is necessary. 
As above, the addition of a f lui difying-accelerating agent is 
required. 

Contaminated oil 
Occasionally contaminated oils occur in nuclear power plants. 
As expected their hydrophobic properties do not allow the 
direct incorporation in cement, unless a proper emulsifying 
agent is used. The best approach however seems to be a 
preliminary absorption on products like vermi cuiite or 
diatomaceous earths, which are in turn compatible with 
cement. 

Corrosion products from Magno;: fuel element debris 
Such wastes contain magnesium salts, like magnesium 
hydroxide, co-side and carbonate /9/. 
Disruption phenomena caused by the oxi de can come into 
evidence after years /4/. This is the reason why a content o-f 
MqO in cement clinker less than 3"i is usually required by the 
regulations in the various Countries. 

3 IMPROVEMENT OF THE QUALITY OF CEMENTED WASTES 

The final waste forms have to endure several tests in order 
to be considered suitable for interim storage, transport and 
fi nel di sposai. 
Under this respect very strict requirements have been 
indicated by the Italian Directorate for Nuclear Safety and 
Health Protection /10/. They include resistance to fire, 
water and biodegradation, radiation stability, low 
leachabi 1 ity, no deterioration after freezing-and-thawing 
cycles, and a compressive strength not less than 500 N/cm2 
after normal curing. 
Such requirements can be gained only by the optimization of 
the cementation process. Moreover the addition of special 
agents is often necessary to improve the quality of the final 
product. The main commercial additives used in the concrete 
industry together with their effect on cement mixings are 
listed in Table II. Some of them present a multiple effect, 
due to the combined action of the substances which are 
included in their composition (usuali/ proprietary). 
The exact knowledge of the waste streams to be incorporated 
however remains the first requirement for the obtainment of a 
good final product. 

4 LONG-TERM BEHAVIOUR OF CFMENTED WASTES 

As p r e v i o u s l y mentioned some d e l e t e r i o u s phenomena come i n t o 
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evidence after a long period of time. In order to accelerate 
them some special tests have been designed. So, for instance, 
the effects due to sodium sulphate, lime and magnesia can be 
accelerated by Le Chatelier and autoclave expansion tests 
/4/. 
The former is based on measures, of distance, before and after 
immersion in both cold and boiling water, between two 
indicator needles connected with a small brass cylinder split 
longitudinally. The ends of the needles» diverge if the 
cylinder is forced open by the expansion of the gauged cement 
which is contained in it (fig. 5). The divergency should not 
exceed 10 mm. 
The autoclave expansion test has been designed to evaluete 
the expansion phenomena due to the presence of magnesia. The 
length of cement bars measured after a period of 45—75 
minutes in an autoclave at 20 +/- 0.5 atm of steam pressure 
is compared with the measure taken after 24 hours in moist 
air. The expansion should not exceed 0.S per cent. 
Other tests could be proposed in order to make prediction on 
the durability of cemented wastes. The best way to make such 
predictions anyway is an extensive study of the influence of 
the waste on the chemical processes which occur in cement 
matrix. Further effort should be devoted to this task. 
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TABLE I 

PROBLEMS POSED BY THE CEMENTATION OF DIFFERENT HASTES 

WASTE STREAMS 

BEAD ION-EXCHANGE 
RESINS 

BWR EVAPORATOR CON
CENTRATES (SULPHATE 
SOLUTIONS) 

PWR EVAPORATOR CON
CENTRATES (BORATE 
SOLUTIONS) 

POWDERED RESINS 

DECONTAMINATION 
SOLUTIONS 

ACTIVATED CARBON 

ZEOLITES 

CONTAMINATED OIL 

CORROSION PRODUCTS 
FROM MAGNOX FUEL 
ELEMENT DEBRIS 

TROUBLES FOR THE 
CEMENTATION PROCESS 

SWELLING 

DISRUPTION PHENOMENA 

VERY LONG SETTING 
AND HARDENING TIMES 

SWELLING 

INTERACTIONS WITH 
THE ALKALINE ENVI
RONMENT OF CEMENT 
TENDENCY TO FLOAT-
POOR WETTING 
TENDENCY TO FLOCCU
LATE; WATER UPTAKE 
FROM CEMENT 

NO POSSIBILITY Or 
MIXING 
DISRUPTION PHENOMENA 

POSSIBLE REMEDIES 

COATING OF THE RESIN BEADS 
BY VYNIL ESTER STYRENE OR 
HATER EXTENDIBLE POLYMERS 
INCORPORATION OF A LOW 
AMOUNT OF SULPHATES 

ADDITION OF SLAKED LIME 

USE OF A SUITABLE CEMENT; 
INCREASE OF THE WATER/CE
MENT RATIO 

NEUTRALIZATION OF THE WASTE 
WITH C.(OH)2 

ADDITION OF A FLUIDIFYING 
AND SET ACCELERATOR AGENT 

SATURATION OF ZEOLITES WITH 
WATER PRIOR TO CONDITIONING; 
ADDITION Of: A FLUIDIFYING 
AND SET ACCELERATOR AGENT 
ABSORPTION ON VERMICULITE 
PRIOR TO CONDITIONING 
INCORPOTATION OF A LOW 
AMOUNT OF CORROSION PRODUCTS 
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TABLE II 

ADDITIVES FOR CEMENT MIXINGS 

ADDITIVES 

FLUIDIFYING 

SUPERFLUIDIFYING 

AERATING 

RETARDING 

ACCELERATING 

PLASTICIZING 

ANTIFREEZE 

FLUIDIFYING-AERATING 
FLUIDIFYING-RETARDING 
FLU IDIFYIN6-ACCELERATING 

EFFECT ON THE PROPERTIES OF THE MIX 

INCREASE OF THE FLUIDITY AND REDUCTION OF 
THE WATER DEMAND 
AS ABOVE, BUT WITH A MORE PRONOUNCED 
FLUIDIFYING ACTION 
IMPROVEMENT OF WORKABILITY. COHESION AND 
FROST RESISTANCE 
RETARDATION OF THE INITIAL REACTION 
VELOCITY BETWEEN CEMENT AND WATER, WITH 
NO EFFECT ON THE FINAL STRENGTH 
INCREASE OF THE REACTION VELOCITY BETWEEN 
CEMENT AND WATER. WITH CONSEQUENT 
DEVELOPMENT OF THE MECHANICAL STRENGTH. 
WITHOUT AFFECTING THE FINAL RESISTANCE 
INCREASE OF VISCOSITY. COHESION AND 
CONSISTENCE OF THE MIX 
DECREASE OF THE FREEZING POINT OF THE 
WATER IN THE MIX AND ACCELERATION OF THE 
SET AND HARDENING TIMES 

DUBLE EFFECT ON THE MIX, DUE TO THE 
CONTEMPORARY PRESENCE OF TWO DIFFERENT 
TYPES OF ADDITIVES 
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Fig. 1 Compositional phase diagram for the solidification of loaded mixed bed 

resins with Italian 325 pozzolanic cement. 

* 

http://jamh.cs
http://SAHft.CS
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Fig. 2 Deep cracks in a Sulphate/Portland cement sample. 

Fig. 3 Extreme swelling of powdered resins/Portland cement samples 

inside plastic bags. 
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Fig. 4 Gas evolution from cemented decontamination solutions (right), 

F i g . 5 S u l p h a t e / P o r t l a n d cement sample in the s t e e l mould 

for the Le C h a t e l i e r t e s t . 


