112 Revista Roméana de Materiale / Romanian Journal of Materials 2010, 40 (2), 112 - 121
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/ Exista o varietate de matrici liante si tehnol@

potrivite pentru conditionarea degeurilor radioactive
organice. Aceasta lucrare prezinta o trecere in revista a
contextului utilizarii si evolutiei unor matrici liante si
cuprinde comentarii privind cerintele impuse formei deseu
pentru depozitare. Se subliniaza locul procedeelor
comerciale de conditionare existente care au demonstrat,
in diferite grade ca pot fi aplicabile. De asemenea, s-au
descoperit si alte matrici care ar putea fi utilizate in viitor.
Incluse in acestea sunt sistemul liant magneziano-fosfatic si
amestecul liant de ciment portland (ciment compozit) cu
ciment aluminos calcic.

. /

/ There are a variety of matrix materials an}
commercially techniques available for conditioning organic

radioactive wastes. This paper provides an overview of the
application context and evolution of several important
matrix materials and offers comments on the waste form
requirements under disposal conditions. In this paper
emphasis has been placed on the conditioning options
available commercially and that have, to various degrees,
been demonstrated to be viable. At the same time, it is
recognized that other matrices are being researched as
possible for future options. Included in these options are
magnesium phosphates binding systems and mixed

cement with Portland composite cement and Calcium
luminate Cement.
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1. Introducere

Etapa de conditionare a deseurilor
radioactive organice constd 1in transformarea
acestora intr-o forma deseu prin solidificare,
inglobare sau fixare, pentru a reduce la minim
probabilitatea de eliminare a radionuclizilor Tn
mediu, in timpul stocarii, transportului si depozitarii
finale [1,2].

Utilizarea cimentului portland  pentru
imobilizarea deseurilor radioactive in industria
nucleara a reprezentat o metoda atractiva datorita
costului scazut, disponibilitatii si compatibilitatii cu
deseurile radioactive apoase.

Conditionarea deseurilor radioactive
organice s-a dezvoltat rapid. Au fost studiate diferite
optiuni de tratare si conditionare care s-au
dezvoltat si aplicat pe scara larga in diferite state
[3-9].

Daca majoritatea degseurilor radioactive
apoase pot fi evacuate in mediu dupa tratare sau
dupa o perioada de stocare pentru dezintegrare
radioactiva, lichidele organice necesita metode de
tratare pentru indepartarea sau distrugerea chimica
sau biochimica a componentelor riscante [3,5].

De exemplu, lichidele organice pot prezenta
risc chimic (ca in cazul majoritatii solventilor),
biologic (ca in deseurile medicale) sau ih multe
privinte diferit (ca in cazul celor farmaceutice).

Strategia de gestionare a deseurilor
radioactive organice poate necesita tratarea dese-
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1. Introduction

The step of conditioning the organic
radioactive wastes is the conversion into a
conditioned waste form via solidification,
embedding or fixation which minimizes the
probability of radionuclides release to the
environment during interim storage, transportation
and final disposal [1,2].

The practice of immobilizing radioactive
waste with ordinary Portland cement has begun
during the early years of the nuclear industry. This
was primarily due to its low cost, availability and
compatibility with aqueous radioactive waste.

The conditioning of organic waste is a
rapidly developing field. Various treatment and
conditioning options are being investigated
developed and widely applied in several states
[3-9].

While most aqueous waste may be
discharged to the environment following treatment
or decay storage, organic liquids may require more
elaborate treatments to remove or destroy
chemically or biochemical hazardous components
[3,5].

For example, the organic liquid may be
chemically hazardous (as in the case of many
solvents), biologically infectious (as in the case of
some medical waste) or otherwise hazardous (as in
the case as some pharmaceuticals).

The organic waste management strategy may
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ului prin diferite procese cum ar fi distilarea pentru
concentrarea  radioactivitati  si/sau  separarea
componentelor neradioactive prin evaporare sau prin
incinerare pentru distrugerea materialului organic.
Deseul tratat trebuie sa fie conditionat pentru a
preveni eliminarea radioactivitatii in mediu.

Alegerea celui mai potrivit mod de gestionare
aplicabil in fiecare tara necesita o atenta evaluare a
unui  numar de factori, incluzand originea,
caracteristicile si  volumul deseului radioactiv,
existenta si costul echipamentelor, cunoagterea
proceselor si conditiilor de depozitare. O parte din
procedeele de tratare a deseurilor radioactive lichide
organice nu pot fi aplicate In Romania, pentru ca
deseurile radioactive provenite din operarea
centralelor nucleare de tip CANDU contin tritiu in
concentratie mai mare decat cele provenite de la
centralele nucleare cu apa usoara. Cercetarile
intreprinse in ultima perioada la Sucursala Cercetari
Nucleare — Pitesti (SCN) in cadrul Regiei Autonome
pentru Activitati Nucleare (RAAN) au contribuit la
elaborarea proceselor de conditionare a desgeurilor
radioactive organice provenite din functionarea si
decomisionarea Centralei Nucleare de la Cernavoda.
S-a demonstrat ca deseurile radioactive solidificate
indeplinesc criterile de acceptare la depozitul
national de la Baita-Bihor gi legislatia romaneasca
armonizatd cu legislatia internationald in domeniul
gestionarii deseurilor radioactive [10-12].

Strategia globala evolueaza in timp, de
exemplu, este dezvoltatd o noud tehnologie, o noua
instalatie de tratare devine disponibila si conceptul de
depozitare progreseaza.

Obiectivul acestui studiu a fost o trecere in
revistd a contextului utilizarii si evolutiei unor matrici
liante si cuprinde comentarii privind cerintele impuse
formei deseu pentru depozitare.

2. Caracteristicile deseurilor radioactive organice

Deseurile radioactive organice sunt generate
in productia si utilizarea radioizotopilor in centrele de
cercetare nucleara, in medicina si aplicatii industriale.
Tn cele mai multe cazuri, volumul acestor deseuri este
mic comparativ cu volumul deseurilor radioactive
apoase.

in general, componentele organice ale
deseurilor radioactive isi pot schimba starea de
agregare mai repede decéat majoritatea
componentelor anorganice, datoritd punctului de
topire scazut, ca urmare a procesului de radiolizad sau
datoritd volatilitatii lor. Aceasta proprietate poate
afecta semnificativ strategia adoptata pentru
gestionarea lor [3-5].

Deseurile radioactive organice sunt frecvent
eterogene, fiind prezente in acelasi container diferite
tipuri de deseu.

Continutul radioactiv al deseurilor organice
provine in general din contaminarea sau
amestecarea cu alte tipuri de deseuri radioactive.
Materialele organice sunt utilizate Tn centralele

require treating the waste by processes such as
distillation to concentrate the radioactivity and/or
separating the components by evaporating those that
are non-active, or by incineration to destroy the
organic material. The treated waste may then need
to be conditioned to prevent radioactivity from
escaping into the environment.

The choice of the best approach to
management in a given country requires a careful
evaluation of a number of factors, including the
waste stream characteristics and volumes, local
availability and cost of equipment, familiarity with
process operation and disposal requirements. In
Romania, a number of treatment processes and
technologies are not available to treat organic
radioactive liquids because the radioactive waste
from operating CANDU reactors contains high
activity concentration of tritium compared to light-
water reactors. Thus, during the last decade
researches working at the SCN - Pitesti subsidiary of
the Romanian Authority for Nuclear Activities (RAAN)
assisted in the elaboration of the conditioning
processes of the organic radioactive wastes
generated from the operation and decommissioning
of Cernavoda Nuclear Power Plant. It was proved
that the solidified wastes could meet the Waste
Acceptance Criteria of the disposal site, in this case
Baita—Bihor National Repository and Romania’s
legislative framework harmonized with international
legislation concerning radioactive waste
management [10-12].

The overall strategy is likely to evolve with
time, for example as new technology is developed,
new waste treatment facilities become available and
disposal concepts progress.

The objectives of this research are an
overview of the application context and evolution of
several important matrix materials and offers
comments on the waste form requirements under
disposal conditions.

2. Characteristics of Organic Radioactive
Wastes

Liquid organic radioactive waste is generated
from the production and use of radioisotopes in
nuclear research centres and in medical and
industrial applications. In most cases the volume of
this waste is small by comparison with aqueous
waste.

In  general, organic components of
radioactive waste can change form more easily than
most inorganic components, for example due to their
low melting point, their response to radiolysis or their
volatility. This property can significantly affect the
strategy adopted for their management [3-5].

Organic radioactive waste is often very
heterogeneous in nature, with several types of waste
being present in one container.

The radionuclide content of organic waste
can generally be traced to contamination or mixing
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nucleare si institutele de cercetari nucleare, unde
sunt contaminate cu produsi de activare sau fisiune.
Utilizarea materialelor organice ca lubrifianti n
pompele de racire a reactoarelor nucleare sau pentru
ecranarea neutronilor pot conduce la producerea de
cantitdti mici de produsi de activare (de
exemplu “C).

Exceptdnd starea de agregare, deseurile
organice pot fi clasificate dupa continutul lor
radioactiv. Clasificarea este Tn general bazata pe
concentratia radioactiva in degeu, care poate fi mare,
intermediara sau scazuta. Deseurile pot fi clasificate
ca alfa, sau beta/gama, degeuri de viatd scurtd sau
lunga, materiale contaminate cu plutoniu sau deseuri
transuranice [13].

O multitudine de lichide organice sunt utilizate
in industria nucleara. Acestea pot fi clasificate in linii
mari ca lubrifianti, solventi si decontaminati. Deseurile
lichide organice constituie o mica parte din totalul
deseurilor radioactive organice. Uleiul radioactiv
provenit de la centrale nucleare consta in ulei de la
pompele de transport al caldurii, fluide hidraulice de
la masina de incarcat-descarcat combustibil nuclear
si ulei de turbind. Acesta este deseu radioactiv de
joasa activitate care contine radioactivi emitatori
beta/gama. O gama larga de solventi sunt utilizati Tn
operatii de spalare si degresare. Dupa utilizare acesti
solventi devin deseuri radioactive lichide organice.
Lichide scintilatoare wuzate sunt produse in
laboratoarele de analiza radiochimica a emitatorilor
de energie scazuta (tritiu si "*C). Un volum mare de
lichide scintilatoare uzate sunt generate anual.

La Centrala Nuclearo-Electrica de la
Cernavoda, deseurile radioactive lichide organice
constau Tn uleiuri uzate, lichide scintilante si solventi
uzati rezultati din operatii de proces, decontaminare
si intretinere.

3. Matricea lianta

Acest capitol se axeaza numai pe diferiti lianti
hidraulici utilizati pentru conditionarea deseurilor
radioactive.

Capitolul urmareste ilustrarea modului in care
matricile liante au contribuit la evolutia proceselor de
conditionare a deseurilor radioactive organice.

Practica imobilizarii deseurilor radioactive in
matrice lianta cu ciment portland a Thceput o data cu
primii ani ai industriei nucleare [14]. Acest lucru este
datorat pretului relativ scazut, disponibilitatii si
compatibilitdti cu deseurile radioactive apoase.
Ulterior s-a realizat ca deseurile specifice, cum ar fi
cele din tabelul 1, interactioneazd cu compusgii
cimentului si inhiba sau intarzie reactiile de hidratare.
Studiile publicate in referinta [14] au aratat ca
solventii polari intarzie hidratarea mai mult decét
solventii nepolari; cele constatate de alti cercetatori
pentru contaminanti specifici sunt prezentate in
tabelul 2 [14].

Pentru a contracara aceste efecte, au fost
utilizati unul sau mai multi aditivi in matricea de

with other radioactive streams. Organic materials are
widely used in nuclear power plants and research
facilities where they can become contaminated with
fission and activation products. The use of organic
materials as lubricants in reactor cooling pumps or
for neutron shielding can lead to the production of
small amounts of activation products (e.g. "*C).

Apart from their physical nature, radioactive
wastes can also be classified according to their
radioactive content. Classification is primarily based
on the concentration of radioactivity in the waste,
causing it to be put into the high, intermediate or low
level waste category. Wastes can also commonly be
classified as alpha or beta/gamma waste, short or
long lived waste, plutonium contaminated material or
transuranic waste [13].

A wide variety of organic liquids are used in the
nuclear industry. These can be broadly categorized
as lubricants, solvents and decontaminants. The
liquid organic wastes comprise a low proportion of
the total organic waste generated. Radioactive oil
waste produced in nuclear power plants consists of
lubricating oils from primary heat transport pumps,
hydraulic fluids from fuelling machines, and turbine
oils. These are normally low level wastes containing
only relatively small quantities of beta/gamma
emitting radionuclides. A range of solvents are used
for cleaning and degreasing. After use such solvents
also become liquid organic radioactive waste.
Scintillation liquids are generated from routine
radiochemical analyses of radionuclides with low
energy emissions (Tritium and "C). Large volumes
of used scintillation liquids are generated each year.

At Cernavoda NPP the liquid organic
radioactive waste class includes used oil, scintillated
liquids and used solvents resulting from process
system operating, from decontamination and
maintenance operations.

3. Matrix materials

This chapter focuses mainly on the various
hydraulic cement systems used for conditioning of
radioactive wastes.

The chapter aims to illustrate how the cements
matrixes have contributed to the developments
conditioning of organic radioactive wastes process.

The practice of immobilizing radioactive waste
with ordinary Portland cement began during the early
years of the nuclear industry [14]. This was primarily
due to its low cost, availability and compatibility with
aqueous waste. It was soon realized, however, that
specific wastes, such as those shown in Table 1,
interact with the cement components to inhibit or
retard the hydration reaction. The studies reported in
[14] suggest that polar solvents delay hydration to a
much greater degree than nonpolar solvents;
findings for specific contaminants studied by them
and others are summarized in Table 2 [14].

To overcome these effects, one or more
selected additives were added to conditioning matrix,
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conditionare, aga cum se poate vedea in tabelul 3 [8].
Cateva dintre cele mai de succes matrici, marca
acestora/forma deseu sunt ilustrate in tabelul 4.
Acest tabel prezintd instalatile americane unde
tehnologiile au fost aplicate [14].

Cimentul portland a fost utilizat pentru
conditionarea a numeroase tipuri de deseu radioactiv.
Hidrosilicatii gelici reprezinta componentul principal al
matricii liante gi sunt responsabili pentru rezistenta
mecanica a pastei. Cu cat raportul apa/ciment este
mai scazut, cu atdt mai mare este capacitatea
hidrosilicatilor gelici de retinere a cationilor radioactivi.
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as illustrated in Table 3 [8]. Several of the more
successful matrix materials and Product Trademarks
or Waste Form is illustrated in Table 4. This Table
indicates US facilities where technology was used
[14].

Portland cement has been used alone for
conditioning of many radioactive wastes. C-S-H gel
is the main binding component and responsible for
the mechanical strength of hardened pastes. The
lower the W/C ratio of C-S-H is the more amount of
radioactive cation the C-S-H can retain.

The classifies cement into CEM I, CEM I,

Tabelul 1

Compatibilitate intre natura deseului radioactiv si liantul utilizat
Chemical compatibility of wastes with hydraulic cements [8]

Tipul de deseu radioactiv/ Radioactive wastes type

Compatibilitatea / Compatibility

Rasini schimbatoare de ioni uzate /Organic ion exchange resins

proasté/bun&®/Poor/good®

Precipitate rezultate in urma tratarii deseurilor radioactive
Precipitation sludges

buna®
Good”

Deseuri radioactive cu continut de bor
Boric acid wastes

proasta/buna®®
Poor/good® ”

Deseuri radioactive cu continut de sulfati /Sulphate wastes Potrivita/Fair
Deseuri radioactive cu continut de azotati/ Nitrate wastes Buna/Good
Deseuri radioactive cu continut de fosfati/ Phosphate wastes Buna/ Good

Deseuri radioactive cu continut de detergenti/Detergent solutions

proasté/buné °/Poor/good®

Deseuri radioactive cu ulei, lichide organice/ Oils, organic liquids

proasta/buna®/Poor/good”

Deseuri radioactive acide/Acidic wastes

proasté/buna®/Poor/good®

Nota:

a-buna pentru ciment si var/Good with cements and calcium hydroxide;
b-buna pentru ciment portland cu aditivi acceleratori de priza, de
exemplu, silicat de sodiu/ Good for portland cement with admixtures of,
for example, sodium silicate;

c-buna pentru anumite tipuri de ciment si agenti antispumare/

Good for particular cements with anti-foaming agents;

d-buna pentru diferite tipuri de ciment, aditivi acceleratori de
priza si aditivi de emulsionare a deseului radioactiv/ Good for
various cements with emulsifying agents;

e-buna pentru anumite tipuri de ciment, dupa neutralizarea
deseului radioactiv/ Good for particular cements after
neutralization;

Tabelul 2

Efectul contaminantilor organici asupra hidratarii cimentului
Summary of Effects of organic contaminants on cement hydration [14]

Compusul organic

Efectul asupra/ Effect on

Organic Compound Prizei Intaririi

Setting Hardening
Fenol/Phenol - Puternic intarziata/ Strong retarder [
Ulei/Oil - Puternic intarziata/ Strong retarder

Vaseline/Grease -

Puternic intarziata/ Strong retarder

Hexa clorbenzen/Hexachlorobenzene -

Puternic intarziata/ Strong retarder

Tricloretan/Trichloroethylene -

Puternic intarziata/ Strong retarder

Toluen/Toluene

Putin intarziata/ Minor retarder -

Ciclooctan/Cyclooctane

Mediu intarziatd/ Moderate retarder -

Hexanol/Hexanol

Puternic intarziata/ Strong retarder -

Tabelul 3

Matricea lianta si aditivul recomandat functie de tipul de deseu radioactiv
Matrix materials and recommend additives function on radioactive waste type [8]

Tipul de liant/Type Aditivul / Additive

Deseul radioactiv
Radioactive waste

Functia aditivului / Function

Var
Lime

Acid boric
Boric acid

Liant de zidarie
Masonry cement

Ajustarea pH-ului
Adjusts pH

Silicat de sodiu
Sodium silicate

Ciment cu silicat de sodiu
Cement -sodium silicate

Lichide organice
Organic liquids

Accelerarea prizei, reducerea porozitatii
Accelerates set, reduces porosity

Silice ultrafina
Reactive silica

Ciment cu puzzolane

Pozzolanic cement Sulphate

Deseuri cu sulfati

Reactioneaza cu Ca(OH). si reduce porozitatea
Reacts with Ca(OH), reduces porosity

Ciment cu zgura de furnal
Portland blast furnace slag cement

Zgura de furnal
Blast furnace slag

Sulphate

Deseuri cu sulfati

Reactioneaza cu Ca(OH), si reduce porozitatea
Reacts with Ca(OH), reduces porosity
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Tabelul 4

Matricea lianta si marca liantului sau a formei deseu
Matrix materials and Product Trademarks or Waste Form [14]

Matricea lianta
Matrix materials

Marca liantului sau a formei deseu®
Product Trademarks or Waste Form

Cimenturi portland /Cement Portland

West Valley Cement Waste Form, Savannah River Ashcrete

Cimenturi portland - puzzolane (zgura, cenusa, etc.)
Portland cement - pozzolana (slag, fly ash, etc.)

Savannah River Saltstone, Savannah River Reducing Grout

Ciment portland - silicati solubili
Portland cement-soluble silicates

Savannah River Naval Fuels Salcrete

Ciment portland — puzzolana-argila
Portland cement- pozzolana-Clay

Oak Ridge Hydrofracture Grout, Hanford Washington Saltcrete

Ciment portland /var- silicati solubili
Portland cement/lime-soluble silicates

Delaware Custom Materials Waste Forms

Var-puzzolane/ Lime- pozzolana

Phoenix Ash™

Argild, ciment-argild/ Clay, cement/clay mixtures

Aquaset™, Petroset™ (Fluid-Tech Ind.)

Zgura-activata/ Activated slag

Super Cement’™ (ATG Inc.)

Ciment aluminos/ Calcium aluminate cement

Fondu™ (LaFarge Cement Co.)

Ghips /Gypsum

Envirostone™ (US Gypsum Inc.)

Liant magneziano-fosfatic/Magnesium phosphate cement

Ceramicrete'" (Argone National Lab.)

Clasele de ciment CEM I, CEM Il, CEM I,
CEM IV si CEM V, dupa standardul european [15] nu
corespund cu tipurile de ciment din standardul
american [16]. CEM | este ciment portland unitar si
CEM II-V sunt cimenturi cu adaosuri.

Cimenturile portland de tip I, Il si Ill sunt
utilizate pentru solidificarea deseurilor radioactive
[16]. Cimentul de tip I, prezentand rezistenta
crescuta la atacul sulfatic, solutii cu sulfat de sodiu au
fost solidificate cu succes. Acidul boric poate fi
solidificat daca un material alcalin (de exemplu var
sau NaOH) sau silicat de sodiu este adaugat deseului
pentru a creste pH-ul de la 8 la 12. Tipurile de ciment
I, 1l si lll pot fi utilizate impreuna cu acesti aditivi.
Cimentul de tip | este totusi preferat pentru
conditionarea deseului lichid cu acid boric pentru
caracteristica sa de a se intari rapid, care
contracareaza efectul de intarziere produs de acidul
boric.

Liantul de zidarie este un amestec de ciment
portland si var hidratat (Ca(OH),). Atunci cand este
utilizat pentru solidificarea deseurilor radioactive,
cimentul portland si varul sunt amestecate in parti
egale. Liantul de zidarie este utilizat pentru
solidificarea deseurilor care contin acid boric sau
borati, rasini schimbatoare de ioni si deseuri organice
care au tendinta de a inhiba sau intarzia reactiile de
hidratare. Liantul de zidarie prezinta avantajul ca
reactiile de hidratare sunt accelerate de varul hidratat.
Liantul de zidarie poate, in conditi similare sa
incorporeze mai mult deseu radioactiv decat cimentul
portland. Totusi, rezistenta mecanicd a pastei cu
ciment de zidarie este mult mai scazuta decat a celei
obtinute cu ciment portland, in aceleasi conditii de
utilizare.

Matricea lianta ciment portland-silicat de sodiu
utilizeaza silicat de sodiu lichid sau metasilicat de
sodiu granule, ca aditiv la cimentul portland. Actiunea
ambilor aditivi este similara. Cationii din deseu (ca si
cationii din ciment) reactioneazéa cu aditivul silicat de
sodiu pentru a forma compusi silicatici greu solubili

CEM lll, CEM IV and CEM V, as European cement
standard [15], do not correspond to the cement types
in American Society for Testing & Materials [16]. So,
CEM | is Portland cement and CEM II through V are
blended cements.

Portland cement types I, Il and Ill are normally
those used for radioactive waste solidification [16].
While type Il has an enhanced resistance to sulphate
attack, sodium sulphate solutions have been
successfully solidified. Boric acid can be solidified if
an alkaline material (e.g. slaked lime or NaOH) or
sodium silicate is added to the cement or the
alkalinity of the waste is increased to pH 8 to 12.
Cement Types |, Il and Il have been shown to work
with these additives. Type lll, however, is preferred
for boric acid liquid waste because of the rapid curing
characteristics of this cement, which in many cases
counteracts the retarding effects induced by boric
acid.

Masonry cement is a mixture of Portland
cement and slaked lime (Ca(OH),). As used for
radioactive waste solidification, Portland cement and
slaked lime are typically combined in equal
proportions. Masonry cement is particularly useful for
solidifying wastes such as boric acid and borate
salts, bead resins and organic waste, which tend to
inhibit or retard cement hydration.Masonry cement
also provides advantages over Portland cement in
the increased rate of cement hydration reactions
caused by the alkalinity of the slaked lime. Masonry
cement can, at least in some cases, incorporate
more radioactive waste than Portland cement. While
substantial, the compressive strength of masonry
cement paste is significantly less than that obtained
with Portland cement under similar conditions.

Cement-sodium silicate binder uses either
sodium silicate liquid or sodium metasilicate granular
as an additive to Portland cement. The action of both
additives during solidification is similar. The cations
in the waste (as well as soluble cations in the
cement) react with the sodium silicate additive to
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care precipita ca gel. Pentru ca reactia este foarte
rapida, aditivul silicat de sodiu este adaugat dupa ce
deseul cu cimentul au fost amestecate in prealabil.
Silicatul de sodiu accelereaza priza cimentului
datoritéa alcalinitatii ridicate. Matricea liantd ciment-
silicat de sodiu este prezentatd ca avand avantaje
fata de cimentul portland pentru solidificarea acidului
boric, boratilor si deseurilor lichide organice pentru ca
se intareste rapid [9,14].

Matricea liantéd ciment-var-silicat de sodiu a
fost utilizatda Tn mod exhaustiv in USA pentru a
solidifica ulei de turbina, ulei de pompa si solventi
TBP  (tributilfosfat)/dodecan. Compozitia optima
pentru forma deseu de 200 litri poate fi: 165 kg
ciment portland, 17 kg var, 72 litri ulei, 62 litri aditiv
de emulsionare, 14 litri apa, 7 litri silicat de sodiu
[3-5].

Cercetari relativ recente [17] au aratat ca
deseurile  radioactive  uleioase, rezultate la
functionarea normald a Centralei Nuclearo-Electrice
de la Cernavoda, pot fi conditionate in matrici de
imobilizare, cum ar fi:

e ciment

e ciment-silicat de sodiu;

e ciment-silicat de sodiu-var;

e ciment-nisip de Aghires.

Rezultatele obtinute in urma experimentelor
de lixiviere a tritiului au aratat ca deseurile radioactive
uleioase pot fi conditionate utilizand ciment portland |
42.5R, silicat de sodiu, var gi agentii de emulsionare
NOFOX9 si NOFOX4 (Nonilfenol etoxilat).

Studii  privind  conditionarea  solventilor
organici si a lichidelor scintilante provenite de la
Centrala Nucleara Cernavoda au aratat ca aceasta
poate fi realizata utilizdnd matricea ciment portland |
42,5 cu aditiv de emulsionare stearat de aluminiu
[18]. Rezultatele experimentelor de solidificare la
scara pilot au aratat totusi, o scadere semnificativa a
rezistentelor mecanice, cu cregterea procentului de
deseu organic solidificat.

Utilizarea zgurii de furnal pentru solidificarea
deseurilor radioactive poate avea numeroase
beneficii [14]:

e descregterea pH-ului solutiei din pori la
~11 potrivit pentru precipitarea ionilor
metalelor grele;

e potential de oxido-reducere scazut care

reduce solubilitatea majoritatii
radionuclizilor si corodarea containerelor
de otel;

e precipitarea metalelor ca sulfati, mai putin
solubili ca hidroxizii;

e reducerea permeabilitatii formei deseu.

Forma deseu cu zgura a fost utilizata pentru a
solidifica deseuri radioactive slab active, alcaline la
centrala Savannah River [14]. Utilizarea zgurii de
furnal impreuna cu ciment portland si cenusa reduce
semnificativ eliberarea radionuclizilor din deseu prin
trei mecanisme: prin scaderea permeabilitatii formei
deseu, reducerea Cr®* si Tc”* la Cr** si Tc*, ca si

form low solubility silicate compounds that precipitate
as a gel. Because this precipitation reaction is rapid,
the sodium silicate additive is added after the cement
and the waste have been mixed. The sodium silicate
also accelerates the setting of the cement owing to
its high alkalinity. Cement-sodium silicate binder is
reported to provide advantages over Portland
cements for the solidification of boric acid, borate
salts and organic liquid wastes because it sets so
rapidly [9,14].

Cement-lime-sodium silicate binder has been
used extensively in the USA to solidify waste turbine
oil, pump oils and TBP/dodecane solvents. A typical
composition for radioactive oil solidification in a 200 L
waste form would be: 165 kg of Portland cement, 17
kg of lime, 72 L of oil, 62 L of emulsifier, 14 L of
water, and 7L of sodium silicate [3-5].

The relatively recent studies [17] showed that
the solidification of contaminated pump oils resulted
from Cernavoda NPP operation can be done by
using four immobilization matrices such as:

e cement;

e cement-sodium silicate accelerator;

e cement -lime-sodium silicate accelerator;
e cement-sand of Aghires.

Results of the tritium leachability experiments
have shown that using third matrices by using
Portland cement | 42.5R-lime-sodium silicate
accelerator-emulsifying agents NOFOX9 and
NOFOX4 (Nonilfenol etoxilat), could do the
solidification of contaminated pump oils by better
results.

Studies on the conditioning the organic
solvents and liquid scintillation generated at the
Cernavoda Nuclear-Electric Station using the matrix
Portland cement | 42.5R - emulsifying additive
stearic acid aluminium salt are performed [18].
Laboratory tests are performed with active products,
several formulas and different cement types are
tested. Results of full scale solidification tests,
however, have shown drastically decrease the
mechanical strengths with the increase of solidified
organic waste percent.

The use of ground granulated blast furnace
slag for solidify of radioactive wastes may also have
several beneficial functions [14]:

e it decreases the pH value of the initial
pore solution to ~11, which increases the
precipitation of some heavy metals;

e it lowers the oxidation-reduction potential,
which reduces the solubility of most
radionuclides and the corrosion of steel
containers;

e it precipitates some metals as sulphides,
which are even more insoluble than the
corresponding hydroxides;

e it reduces the permeability of the waste
form.

A slag-based waste form was used to solidify
low-level radioactive alkaline salt solution at the
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precipitarea acestora ca Cr(OH); si TcO..

Cimenturile puzzolanice sunt, de asemenea,
utilizate pentru conditionarea deseurilor radioactive
pentru ca permeabilitatea betonului este scazuta, prin
volumul mai redus al porilor.

Cimentul aluminos este diferit de cimentul
portland prin continutul ridicat de aluminati de calciu
[19, 20].

Exista proiecte de cercetare la nivel de
laborator pentru utilizarea cimentului aluminos pentru
conditionarea deseurilor [14]. Acestea compara trei
tipuri de ciment pentru imobilizarea cesiului: ciment
portland, ciment aluminos gi ciment cu zgura activata.
Dupa 28 zile de intarire la temperatura camerei,
aceste forme deseu au fost testate pentru lixivierea
Cs la 25 si 70°C. La 25°C, cimentul aluminos prezint3
lixiviere scazuta si cimentul portland ridicata, care
poate fi atribuitd solubilitati reduse a AI(OH);
comparativ cu solubilitatea Ca(OH),. La temperatura
de 70°C, lixivierea Cs creste drastic datorita
conversiei produsilor de hidratare.

Utilizarea de adaosuri Tmpreuna cu cimentul
aluminos poate modifica produsii de hidratare si
poate creste eficienta de imobilizare a
contaminantilor. Silicea ultrafind (SiO, amorf) a fost
adaugata cimentului aluminos pentru a obtine
compozitii similare zeolitilor sau argilelor. Testele de
laborator au aratat cd matricea ciment aluminos-
silice ultrafina prezinta viteze de lixiviere scazute
pentru Ca, Sr si metalele rare, dar ridicate pentru Na,
Mg si U. Studiile subliniaza ca adaugarea de silice
ultrafina cimentului aluminos cu formarea de faze
zeolitice, reduce drastic lixivierea cesiului [14].

Amestecul liant de ciment portland cu ciment
aluminos calcic reprezinta o noua matrice lianta, care
poate fi utilizatd pentru conditionarea deseului cu
solvent radioactiv care intarzie priza altor matrici
liante anorganice [21].

in cadrul experimentelor de laborator proprii,
s-au utilizat doua tipuri de ciment: ciment
superaluminos calcic GORKAL 70 si ciment portland
compozit CEM IlI/A-M 32,5 R. Caldura de hidratare
influenteaza direct lucrabilitatea mortarului,
comportarea la intarire, rezistenta mecanica si
dezvoltarea structurii de intarire, in legatura directa
cu lixivierea radionuclizilor [21]. Dezvoltarea caldurii
de hidratare, in beton trebuie redusa la minimum
[22,23]; o cale de a atinge acest deziderat este
asocierea cimentului de tip Il, cu caldura de hidratare
moderata, cu o cantitate minima de ciment aluminos
calcic [21].

Procedeul Ceramicrete™ este bazat pe
reactia acid-baza intre oxidul de magneziu calcinat
(MgO) si o solutie de fosfat acid de potasiu (KH,POy,).
Produsul de reactie este fosfatul de magneziu si
potasiu (MgKPO,.6H,0O) liant in matricea de
conditionare pentru unele deseuri anorganice si
organice. Forma deseu este densa, cu proprietati
mecanice bune, nu se degradeaza in timp, prezinta
pH neutru, transforma deseurile inflamabile 1n
neinflamabile si produce cantitati scazute de gaz

Savannah River Plant [14]. The use of blast furnace
slag together with Portland cement and fly ash
significantly reduced the release of radionuclides in
the waste due to three mechanisms: by decreasing
the permeability of the waste form, reducing Cr®* and
Tc¢™* to Cr'* and Tc*, and precipitating them in the
form of Cr(OH); and TcO,.

Pozzolaic cements are particularly suitable for
immobilization  radioactive  waste since the
permeability of the concrete is greatly reduced by the
continuous filling of the pore volume during the
hydration reaction.

High-alumina cements are different from
Portland cements in that they are composed of
calcium aluminates correspond to [19, 20].

There are the laboratory research projects
using high-alumina cements for conditioning of
wastes [14]. These compared three cements:
Portland cements, high-alumina cement and alkali-
activated slag cements for immobilization of cesium.
After 28 days of curing at room temperature, the
three waste forms were tested for Cs leachability at
25 and 70°C. At 25°C, high-alumina cement showed
the lowest, and Portland cement the highest
leachability, which may be attributed to the lower
solubility of Al(OH); compared with that of Ca(OH)s.
As the temperature was increased to 70°C, the
cesium leachability increased drastically due to the
conversion of hydration produced.

The addition of some admixtures into high-
alumina cement can change its hydration products
and increase the efficacy of immobilization of
contaminants. Silica fume (amorphous silica) was
added to calcium aluminate cement to give a
composition similar to zeolites and clay minerals.
Laboratory test results indicated that silica-adjusted
high-alumina cement gave lower leachability rates for
Ca, Sr and the rare earths, but is higher for Na, Mg
and U. The study noticed that the addition of silica
fume to high-alumina cement resulted in the
formation of zeolitic phases, which drastically
reduces the leaching of cesium [14].

Mixed cement with Portland composite cement
and Calcium Aluminate Cements are new binding
systems which could be used for the conditioning of
radioactive wastes for the set-retarding effect of
solvent radioactive waste in other matrices [21].

The laboratory experiments used two type of
cement: Calcium Aluminate Cement type GORKAL
70 and Portland composite cement CEM 1l A/-M
32.5R. The heat generation process directly
influences mortar workability, setting behaviour,
mechanical strength and pore structure development
in direct relation of radionuclide leaching [20]. The
heat generation must be minimized in concrete [22,
23]; one way to achieve this is to choose lower heat
cement, such as type Il cement with the optional
moderate heat of hydration requirements associated
whit the minimum of Calcium Aluminate Cements
contents [21].

The Ceramicrete™ process is based on an
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radiolitic [24].

Sistemele liante magneziano-fosfatice
constituie matrici mai noi, care pot fi utilizate pentru
imobilizarea solventilor radioactivi uzati, avand priza
mai rapida, comparativ cu alte sisteme liante (ciment
portland, ciment compozit). Rezultatele obtinute au
aratat ca solventii radioactivi uzati - obiect al
investigatiilor efectuate [25] - pot fi imobilizati cu bune
rezultate utilizdnd sisteme liante magneziano-
fosfatice cu nisip de Aghires.

4. Aditivi de emulsionare

Evolutia continua, rapida a materialelor liante,
ca si cerinta permanent crescanda de proprietéati si
performante ale formei degseu creeaza continuu noi
provocari Tn domeniul aditivilor de emulsionare pentru
conditionarea deseurilor radioactive organice. Cum
s-a ilustrat pe cateva exemple ( nonil fenol etoxilatul,
stearatul de aluminiu), aceste provocari sunt abordate
cu succes prin utilizarea unor noi aditivi.

Comisia europeana a urmarit in 2003 sa
restrictioneze comercializarea si utilizarea nonil
fenolului si a nonil fenol etoxilatului. Propunerea de
directiva a prevazut nu numai protectia omului si a
mediului, dar si pastrarea pietei, inclusiv armonizarea
legislatiei iTn comunitatea europeana [26].

LA SCN Pitesti si ICECHIM Bucuresti s-au
efectuat experimente pentru selectarea celor mai buni
aditivi care sa inlocuiasca nonil fenol etoxilatii
(NOFOX 4 si 9) utilizati pentru emulsionarea
deseurilor radioactive lichide organice. S-a
demonstrat ca emulgatorii FINDET 1214N15, alcool
etoxilat C12-C14 indeplinesc criteriile de acceptare a
formei deseu la depozitului national si legislatia
romaneascad armonizatd cu legislatia internationala
[27].

5. Evaluarea formei degeu si controlul calitatii

Cele mai importante cerinte privind proprietatile
formei deseu si pentru selectarea metodei de
conditionare sunt:

o stabilitatea termica: caldura generata poate
duce la descompunerea formei deseu in
timpul stocarii si depozitarii;

o stabilitatea la lixiviere;

e rezistenta la apa: forma deseu poate fi
expusa la actiunea unor ape naturale cu
compozitii diverse, depinzdnd de strategia
de depozitare adoptat3;

e rezistenta la radioliza: radioliza poate
conduce la eliminare de gaz, umflare sau
deteriorare a proprietatilor mecanice ale
formei deseu;

e proprietati mecanice adecvate asigurarii
integritatii formei deseu, in special in timpul
transportului, stocarii si depozitarii;

e activitate specifica - un factor determinant
pentru acceptarea pentru transport, stocare
si depozitare a formei deseu;

acid—base reaction between calcined magnesium
oxide (MgO) and a solution of potassium dihydrogen
phosphate (KH,PO,). The reaction product is
magnesium potassium phosphate (MgKPO,.6H,0)
as a binder that can be used as the matrix material to
host any inorganic and to some extent even some
organic waste material. The waste form is a dense
matrix, with good mechanical properties, does not
degrade over time, is neutral to pH, converts
flammable waste into nonflammable waste forms and
generates tolerable amounts of gas from self-
radiolysis [24].

Magnesium phosphate binding systems are
new cement-materials which could be used for the
immobilization of radioactive wastes for the set-
retarding effect of solvent radioactive waste in other
matrices (Portland cement, composite cement). The
studies [25] have shown that using magnesium
phosphate binding systems-sand of Aghires, could
do the solidification of solvent radioactive wastes by
better results.

4. Emulsifying additives

The continuing rapid evolution in binder
materials, as well as the ever-increasing demand on
the properties and performance of waste form is
constantly creating new challenges for the
emulsifying additives of conditioning of organic
radioactive wastes. As illustrated with a few
examples (nonylphenol ethoxylates, stearic acid
aluminium salt) these challenges are being tacked
quite successfully through the development of new
additives.

The European Commission wanted in 2003 to
restrict the marketing and use of nonylphenol (NP)
and nonylphenol ethoxylates (NPE). The proposed
directive provides not only for the protection of
human health and the environment, but also
preserves the Internal Market, as it would introduce
harmonised rules throughout the Community [26].

At SCN Pitesti and ICECHIM Bucharest where
the main experimental work is carried out on the
selecting the best additives from replace the
nonylphenol ethoxylates used from emulsified the
organic liquid radioactive wastes. It was proved that
FINDET 1214N15, alcohol etoxilate C12-C14 could
meet the Waste Acceptance Criteria of the waste

from at the disposal site and Romania®s legislative
framework harmonized with international legislation
[27].

5. Assessment of waste form and quality control

Some important specific requirements for the
properties of waste forms and the selection of the
conditioning technique are:

e Thermal stability: Heat generated may lead to
thermal decomposition of the waste form
during storage and disposal.
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e alti factori: compactitatea si pretul scazut,
usurinta prepararii si doza radioactiva
scazuta pentru operatori sunt de asemenea,
de dorit.

Aceste cerinte sunt general valabile pentru
toate tipurile de deseuri radioactive si au fost
discutate in numeroase publicatii [28-36]. Teste
diferite pentru determinarea proprietatilor fizice si
chimice ale formei deseu sunt recomandate in diferite
reglementari si specificatii. Multe metode de testare
pentru aceste proprietati sunt accesibile, chiar daca
numai unele dintre ele sunt standardizate si
acceptate in multe tari.

O varietate de tehnici de analiza au fost
dezvoltate si utilizate pentru caracterizarea
microstructurii formei deseu: microscopia electronica,
difractia cu raze X, analiza termica. Microstructura
formei deseu poate fi definitda ca o relatie spatiala
intre diferiti constituenti, inclusiv pori. Dintre
proprietatile care trebuie sa fie studiate sunt: marimea
granulelor, morfologia fazelor, daca este sau nu
inconjurata de alte faze, spatiul dintre pori si fazele
care umplu porii [14].

6. Concluzii

O mare cantitate de informatii privind
conditionarea deseurilor radioactive sunt disponibile
in literatura. Multe din aceste date pot fi aplicate
direct deseurilor lichide radioactive organice.

Prezentarea generala a naturii, evolutiei si a
contextului de utilizare a matricilor de conditionare
ilustreazd modul in care liantii anorganici au devenit
parte integrala a gestionarii deseurilor radioactive.

Matricea lianta a formei deseu se bazeaza in
general pe cimentul portland.

Puzzolanele, zgura, cimentul aluminos gi
silicea activd sunt adesea utilizate pentru a regla
proprietatile legate de procesare, cum ar fi timpul de
priza, mustirea, lucrabilitatea si caldura rezultata din
reactiile de hidratare.

Aditivii de emulsionare sunt frecvent utilizati
pentru imobilizarea deseurilor radioactive lichide
organice.
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