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Abstract

This paper presents the overview and method of selection the stabilization/solidification process,
considering that a very long time suitable for treatment the hazardous waste in order to protect the envi-
ronment. Selection the method for stabilization/solidification (S/S) the hazardous waste depends on the
type of waste, content of hazardous and harmful components and it is applied as the method of pre-
treatment the hazardous waste before disposal into landfill. Also, in this paper, the data are systemized
that related to the process of stabilization and solidification, the basic concepts relating to these pro-
cesses, as well as the phase of collecting the information on processing and verification the process S/S.

This paper provides the possibilities of selection the additives depending on the type of waste materi-
al. Using the technological process of stabilization/solidification (S/S) and corresponding additives, the
waste material is transformed into inert material independently of the individual values of metal solu-
bility or components in waste. Also the fact of great importance is that some physical or chemical pa-
rameters of solidified waste material (permeability, resistance to compression) can be easily controlled
by selection of chemical additive and its share in the mixture (waste/additives). The process of S/S has a
reasonable use in liquid waste or waste with a high content of liquid phase with impossible disposal on
the landfills without prior treatment.

These processes can be performed in-situ - on the location of hazardous waste and ex-situ - in the fa-
cilities that are designed for that purpose.
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1 INTRODUCTION

Stabilization/solidification processes  from different materials and contaminated

have been in use since 1950, when they
were applied for the treatment of radioactive
and hazardous waste. Today, these processes
and technologies are used for treatment and
remediation of contaminated soil and waste
originated from the technological processes
of metals, purification of drinking water and
others.

Stabilization/solidification (S/S) process
is used to remove a wide range of pollutants
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waste, particularly those contaminated with
substances classified as "dangerous”. The
treatment involves mixing a binding agent
with medium or contaminated waste [1].

The treatment involves mixing a binding
agent with medium or contaminated waste,
so the hazardous substances contained in it
are immobilized and their mobilization in
the environment is prevented [2].

““This work is the result of the Project TR 33038: Improvement the Technology of Exploitation and
Processing of Copper Ore with Monitoring the Environment in RTB Bor Group, funded by the Minis-
try of Education, Science and Technological Development of the Republic of Serbia.
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Stabilization and solidification are pro-
cesses which include a wide range of tech-
nologies, which closely related to the chemi-
cal and/or physical processes of reduction
the potential negative impacts on the envi-
ronment (soil, surface and ground water) and
indirectly on the wildlife and human health

[2].

2 CONCEPT OF STABILIZATION
AND SOLIDIFICATION

Stabilization refers to the techniques for
reduction the potential hazards of waste and
transforms the pollutants into less soluble,
mobile, or toxic form using the chemical
processes. The physical characteristics of
waste have not to be changed in the course
of stabilization.

Solidification refers to the techniques
that encapsulate the waste, forming a solid
material, and doing so there are no chemical
interactions between the pollutants and addi-
tives used for fixing. Solidification is achie-
ved by a chemical reaction between the
waste and specific reagents or mechanical
processes. The product of waste solidifica-
tion may be a monolithic block, clay-like
material, granular particles, or another other
physical form that is usually considered a
"solid substance".

Solidification is divided into the micro-
encapsulation (particles up to 2 mm) and
macro-encapsulation (particles larger than 2
mm), depending on the grain size distribu-
tion of material to be treated [3]. Migration
of impurities is often limited by reduction
the surface area exposed to the leaching
and/or coating material waste with small
permeability.

The combined processes of solidification
/stabilization mixed waste, soil and sludge,
and treatment by the certain agents consti-
tute the hazardous ingredients in them phys-
ically and chemically fixed. These technolo-
gies are not considered as the destructive
techniques, but they just eliminate or prevent
(complicate) the mobility of pollutants [3].

Stabilization and solidification processes
cover a wide range of technologies, which

are closely associated with chemical and/or
physical processes to reduce the potential
negative impacts on the environment (soil,
surface and groundwater) and indirectly on
the wildlife and human health (ITRC). The
S/S is an important technological process
which allows transforming of wastes into
inert material, regardless the value of indi-
vidual solubility of metals, or the compo-
nents in the waste. Also, the fact is of great
importance that some physical or chemical
parameters of solidified waste material
(permeability, resistance to compression)
can easily control the selection of chemical
additives and their share in the mixture
(waste/additives) [4].

3 SELECTION THE
STABILIZATION/SOLIDIFICATION
PROCESS DEPENDING ON

THE TYPE OF WASTE MATERIAL

Selection process is primarily dependent
on the type of waste material and its further
treatment. Based on the type of waste is the
identification of S/S technology as the Best
Demonstrated Awvailable Treatment Tech-
nology - BDAT, and Figure 1 shows the
phase of collecting the information on tech-
nological process, and Figure 2 shows the
manner in which the technological checking
of stabilization/solidification process is car-
ried out [5].

Based on the preliminary characteriza-
tion, it is necessary to perform the waste
sampling, after which it is necessary to do
the additional characterization on the basis
of which it is decided whether the waste is
acceptable for laboratory research or not. If
S0, a detailed characterization of waste is
carried out, then the physical, chemical and
microstructural testing the S/S waste, and
based on this information the facility charac-
teristics are given, in the ex-situ case of S/S,
Figure 1, [5].

Checking the technology of the S/S
process in-situ begins studying the charac-
teristics of terrain and waste, and field
sampling. After that, setting the perfor-
mance targets, and then it is needed to
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develop a feasibility study in which it is
decided whether the process S/S is aviable
option. If the answer is no, it is needed to
check whether the best analytical and tech-
nical solutions are selec-ted, and if the an-
swer is negative again, the conclusion is
made that the process S/S would be unsuc-
cessful.

When the feasibility study produces

Preliminary
Characterization

\

Waste Sampling

y

Additional Preliminary
Characterization

Waste N
Analysis
Acceptable >
fo Lab? Not Practical
Yes
y K
Characterize Waste Compile Information
in Detail on Site Characteristics
* Chemical :
* Physical Section 2.2.4
* RCRA Hazardous
Characteristics

Figure 1 Information collection steps in the
technology-screening process [5]

4 SELECTION OF ADDITIVES
ACCORDING TO THE TYPE OF
WASTE

Selection the S/S method of hazardous
waste depends on the type of waste, content
of hazardous and harmful components, and
is applied as a method of pre-treatment of
hazardous waste before disposal to a land-
fill.

A large influence on the efficiency of
the process has a selection of additives used
in the process of S/S, which depend on the

the positive results, the literature is che-
cked to select the best combination of
waste/binder, and laboratory analyses and
testing. In the case of positive test results,
testing in the site or pilot plant is carried
out based on which a positive or negative
decision will be made on the process of
S/S waste materials, Figure 2 [5].
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Analytical/fEngineering
S/S Solutions?
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tudy: Is S/S a Viable’
Option?
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Figure 2 Solidification/stabilization technology
screening [5]
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type of waste and conditions of aging the
product of S/S process. The efficiency of
the S/S process is done by determining the
mobility of hazardous and harmful compo-
nents, and compressive strength, after the
solidification/stabilization process.
Additives which are used as binders in
the processes S/S can be of inorganic and
organic origin or a combination thereof. The
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most commonly applied additives are of
inorganic origin such as: cement, ash, lime,
soluble silicates, pozzolans, bentonite, clays,
blast furnace slag and other materials, and
the organic additives are asphalt, epoxide,
polyester and polyethylene. Inorganic bind-
ers are used in more than 90% of the process
S/S. In general, inorganic binders are cheap-
er and easier to use than organic. Organic
binders are generally used for solidification
of radioactive waste or specific volatile or-
ganic compounds [6].

4.1 Inorganic binders as additives

In order to facilitate the selection of addi-
tives, depending on the type of waste, the
paper of the authors Fleri M. A., et al,,
(2007) [7] provides an overview of additives
used in the processes of S/S. Based on the
results obtained by the analytical methods of
processing a sample and criteria to be met by
the S/S waste material, a preliminary selec-
tion of additives is carried out.

The most commonly used additive is
Portland cement (PC), which can meet a
variety of physical and chemical conditions
[8] (ASTM C150, 2003). During testing, the
Portland cement is usually combined with
other reagents to form a mixture that meets
the required criteria. The additives of prima-
ry importance are pozzolans, bentonite and
chemicals that reduce leaching and dilution
of pollutants.

Pozzolans are supplements that contain
fly ash, silica fumes and other fine-ground
cement substances that increase the strength,
density and durability. In the field of envi-
ronmental protection is commonly used
pozzolana including fly ash and slag from
blast furnaces. The ashes can be classified
into two main classes, as specified in the
standard ASTM C618 [9].

Another significant pozzolan is the blast
furnace slag, which is defined as a "non-
metallic product that is essentially composed
of silicate, alumino-silicates and calcium
base that is developed in a molten condition
simultaneously with iron in a blast furnace."
Three types of slag used in production ce-
ment, and they are air-cooled, expanded and
granulated slag. The main feature of these
types of slag is durability and use as an add-
cement product. Due to its affordability and
accessibility, blast furnace slag is selected
for use in a mixture with fly ash [7].

4.2 Efficiency of additives for different
types of waste material

The success of the process of S/S pri-
marily depends on the selection of addi-
tives and their efficiency. Table 1 shows
the additives that are commonly used and
their application depending on the type of
waste material.

Table 1 Recommended process of S/S depending on type of waste [4]

Process of S/S

Application

Solidification with cement

Sludges, contaminated land

Solidification with lime

Waste from the desulfurization of waste gases,
other inorganic waste

Solidification with thermoplastic materials

Radioactive waste

Encapsulation

Sludges, liquids

Vitrification

Extremely hazardous waste, radioactive waste

In such cases, it is efficient use of
cement as an additive for binding the
liquid phase, because the cement reacts
with water, chemically binding the water
in e hydrated cement product. Free liquid

phase when adding cement binds it more
often chemical bonds, and less is
absorbed, and therefore the resistance to
compression of at least 0.34 MPa (50 psi)

[4].
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In the case of implementation the reme-
diation process as the sustainability process
of land, S/S is often the only solution and the
available technology for remediation of
large amounts of soil contaminated with
heavy metals, sludge or sediment. In this
case, the cement is recommended, because it
reduces the mobility of metal ions, forming a
hardly soluble metal hydroxide, carbonate or
silicate. During the process of S/S, metal
transforms from ionic forms into mineral
structure and physical encapsulation. Also,

b

Cd
CaCd(OH ),

zone

pre-treatment can reduce the toxicity of
some metals changing the valence state [4].

Applying the combined process of stabi-
lization and solidification of waste contain-
ing heavy metals, the transformation of form
of the heavy metals occurs to a large degree
and they usually transform into heavy solu-
ble hydroxides in which the mobility of
heavy metal ions is reduced.

Solidification further reduces the mobili-
ty of heavy metals from the newly created
heavy soluble forms, Figure 3.

e particle

Hgo
BaS0Oy,
BaCO;,

Cement Clinker
particle

Figure 3 Solidification and stabilization of heavy metals by hydrates of Portland cement [11]

Treatment of materials containing most-
ly organic pollutants is also possible using
the cement as an additive. In the process of
S/S, the material hardening occurs through
changes in physical properties of cement.
They are highly recommended if the waste
or material contains free water, which enters
in the hydration process, producing with
cement high physically integrated material
monolith. The process has demonstrated a
high efficiency in reducing the mobility of
hazardous and harmful substances from
waste containing semi volatile and heavy
volatile polycyclic aromatic hydrocarbons
(PAHS), polychlorinated biphenyls (PCBs),
pesticides, organic cyanides and others.

Disadvantage of S/S applying of cement
is in the cases when the waste has a high
content of fats and oils, when the process of
cement hydration is disabled. The cement
particles are coated with oils or fats, thus

inhibiting a contact between cement and
water. Some organic components affecting
the binding time of cement, thus the whole
process of solidification can be extended
considerably. For these reasons, it is neces-
sary before selection of additives to carry out
a complete qualitative and quantitative
chemical analysis of waste, thereby prevent-
ing the adverse effects on the ground. Also,
using the quicklime, as additive, results into
an exothermic reaction during the hydration
process and thereby liberating a significant
amount of energy. If the waste includes
volatile hazardous and harmful components,
the same, during the S/S, will to be emitted
into the atmosphere. If there is no other al-
ternative to quicklime as an additive in the
process of S/S, it is necessary to provide the
facilities for collection and treatment of ga-
ses/air [4].
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4.3. Selection of additives, depending on
the type of waste

In order to facilitate the selection of addi-
tives depending on type of waste, the inves-
tigation were carried out by the author Chan
B. K. C. et al. (2008) [14]. Tested materials
for development a model for selection of
additives were as follows: JR —waste with
higher levels of hazardous components,
OMW - fine-grained, Fe- and Ca-rich neu

tralization precipitates from bioleaching with
relatively low levels of hazardous compo-
nents. Tested additives are: SS — silica sand,
PC — commercially available cement, FA —
fly ash and L - lime. Table 2 shows the test
results of stabilization the hazardous waste
with different content of harmful compo-
nents using different additives and with dif-
ferent proportions.

Table 2 Material formulation for CLSM mix design [12]

MIX Dry solids/% Ratio of water to
PC FA SS oMW JR L solid
5PC-FA 5 15 80 - - - 0.20
5PC-FA-OMW 5 15 70 10 - - 0.30
5PC-FA-JR 5 15 70 - 10 - 0.25
10PC-FA-JR 10 15 65 - 10 - 0.30
10L-FA-JR - 15 65 - 10 10 0.43
5PC-FA-L-JR 5 15 65 - 10 5 0.41

JR — with higher levels od hazardous components, OMW — fine-grained, Fe- and Ca-rich neutralization
precipitates from bioleaching with relatively low levels of hazardous components, SS — silica sand,
PC - a commercially available cement, FA —fly ash and L - lime.

Concentrations of heavy elements As,
Cd, Co, Cu, Mn, Mo and Ni in waste after
pretreatment, obtained by implementation
of the prescribed test procedures of hazar-
dous and toxic waste characteristics, were
below the allowable values for groundwa-
ter and soil, even from the waste samples
with increased content of hazardous com-
ponents. Figure 4 shows the concentration
of Pb and Zn from various additives, and
with which it can be seen that the concen-
trations of Pb and Zn, with a combination
of additive 5PC-5L-JR are above the in-
tervention value. In tested sample JR, the
concentrations of Pb and Zn were above
the allowable limit. Testing of contami-
nated soil with a lower content of hazard-
ous components, and after the procedure
of pretreatment, gave the satisfactory re-
sults [12].

Adsorption on hydrated iron (l1l) ox-
ide, which was present in samples has
reduced the mobility of arsenic, Figure 5.

4.4 Correct selection of reagents

For the stabilization of waste containing
heavy metals and a large amount of water,
which was a result of mining activities, the
process recommended lime neutralization of
creation the hardly soluble hydroxide in
alkaline conditions.

Further, in the process of solidification
can occur on the grain surface, in the pres-
ence of silicon and aluminum, a liquid barri-
er, calcium silicate gel, or calcium-aluminate
gel, thereby increasing the efficiency of the
process [13]. Curve hydroxide solubility of
heavy metals, depending on the pH of the
environment, is illustrated in Figure 6 (a),
which clearly shows the influence of pH
value on mobility of heavy metals [4].
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Figure 5 Concentration of arsenic with and without the addition of additives (Fe,05) to
the initial concentration As of 0.03 mg/L [12]

Treatment of the resulting product
after the solidification process and stabili-
zation of waste material can have a signi-
ficant effect on the efficiency of process.

sludge.

Cu,
Pb

Zn

Koncentracija metala (mg/L)

Zn (mg/L)

@)

Figure 6 (b) shows the effect of tempe-
rature and drying conditions and aging
time on the mobility of zinc ions in the

L Vreme starenja
(meseci)

(b)

Figure 6 (a) Solubility curve of heavy metal hydroxide depending on the pH and (b) The effect of
temperature, drying conditions and aging time on the mobility of zinc ions in the sludge [4]
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Figure 6 clearly shows that the aging
of 6 months at temperature of 25°C, at
atmospheric conditions, reduces the mo-
bility of zinc to less than 10 mg/L, [4].

5 PROCESSES OF
STABILIZATION/SOLIDIFICATION
IN-SITU AND EX-SITU

Processes and technology of stabilization
/solidification in-situ are popular for treat-
ment and remediation of contaminated soil,
particularly at the location where the build-
ings already exist or are abandoned. The
process of S/S contributes to the sustainable
development such as the contaminated mate-
rial can be treated in site and thus reused
without fuel consumption for transport and
reduction the risk to the environment [1].

In-situ stabilization/solidification or deep
soil mixing is a widely accepted technique in
the field of environmental protection, which
is used for immobilization of pollutants, thus
preventing further spreading of pollution
through the soil and groundwater. S/S is
used for the ecological treatment of various
industrial waste materials from contaminat-
ed sites. In any case, the treated material can
be reused in-situ or at another location,
which significantly reduces costs and pro-
tects the human health and environment [1].

The most common in-situ stabilization
process involves mixing the contaminated
soil or waste with cement as additive or oth-
er materials that have similar chemical and
physical properties (fly ash, etc.) that have a
high adsorption capacity, thus reducing the
mobility of hazardous and harmful compo-
nents [14].

Processes S / S used for remediation are
intended to reduce the passage of pollutants
from soil, sediment, sludge and waste that is
washed (leach) from a source of pollution to
the environment, within the acceptable crite-
ria listed in order of remediation.

Technology S/S can be applied for a
wide range of pollutants. The successful

implementation of this technology begins
with the testing locations. Subsequently, on
the basis of the collected data, the treatability
study (TS) and pilot studies (PS) are per-
formed which show the required amount and
impact of binders on soil as well as the soil
geochemistry. To determine the potential
efficiency of the S/S technology, the param-
eters should be collected that related to the
tests and criteria used for development of the
SIS treatment that meets the objectives of
the remediation. These specifications are
intended to: (1) guidance and evaluation the
feasibility studies and (2) establishing a min-
imum number of field operations and com-
pliance the characteristics of material in the
laboratory conditions. Improving the tech-
nology - the project S/S is done by monitor-
ing the life cycle of process, from the re-
search of site to the completion of remedia-
tion, as the evidence of technology sustaina-
bility. Well done the feasibility study might
reduce the number and type of additives to
be used in the pilot study, which also allows
a correct pricing, delivery and availability of
additives and binders, as well as to better
understand the physical and chemical prop-
erties of the contaminated waste. The selec-
tion of additives and binders must be carried
out systematically on the basis of physical
and chemical properties of the waste, and
then based on the best supplier of additives
and most widespread and most cost effective
binder because the additive costs can amo-
unt to 30-50% of the stabilization costs [7].

When the remediation is implemented
— realized, the long-term natural resource
management programs are needed that are
typically used to check whether the pro-
ject is still in effect, and as such whether it
protects the human health and the envi-
ronment (ITRC).

Fleri M.A. et al. (2007) showed a
number of projects in which the technolo-
gies of stabilization involving injecting a
binding agent into the soil. In fact, the
technology of deep mixing of soil beco-
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ming a common choice of remediation
technologies, Figure 7, because it reduces
the amount of excavated soil (off-site), and
thus saving the benefits and costs of removal
and subsequent filling; reduces unpleasant
smells while performing remediation and

the total remediation costs are significantly
lower than the other remediation technolo-
gies such as the thermal desorption and in-
situ chemical oxidation for removal of con-
taminated materials.

Binding Agent

Injected Into Soil

Solidified Soil

The S/S ex-situ processes are applied
in plants that have been designed for these
processes and are used for different types
of sludge and other waste materials con-
taining "hazardous" substances, such as
heavy metals; the S/S waste material is
shown in Figure 7[17].

6 CONCLUSION

In the process of stabilization/soli-
dification (S/S) has been proven to be effec-
tive for the treatment of waste containing
dangerous substances. The most important
step in the process of S/S waste material
represents a qualitative and quantitative
analysis of waste material, based on which it
can make a choice of binder and additives.

Physical and chemical methods are car-
ried out tests with S/S products, on the basis
of which is made of his categorization. By
changing the physical character of waste
using  stabilization/solidification process,
prevent the occurrence of a large amounts of
leachate at the landfill with a high content of
hazardous and harmful components; thus
achieving a double effect, protects the envi-

(b)

Figure 7 S/S process in-situ (a) and ex-situ (S/S waste material) (b)

ronment on the one hand and on the other
hand reduces the process costs of hazardous
waste disposal because there is no need for
the installation and operation the system for
waste/leachate water from the landfill.
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Izvod

U radu je dat pregled i nacin izbora procesa stabilizacije/solidifikacije s obzirom da se veoma dugo
upotrebljavaju za tretman opasnog otpada u cilju zastite Zivotne sredine. Izbor metode stabiliza-
cije/solidifikacije (S/S) opasnog otpada zavisi od vrste otpada, sadrZaja opasnih i Stetih komponenti, i
primenjuje se kao metoda predtretmana opasnog otpada pre odlaganja na deponiju. Takode, ovom radu
sistematizovani su podaci vezani za procese stabilizacije i solidifikacije, osnovni pojmovi koji se odnose
na ove procese, kao i faze prikupljanja informacija o tehnoloskom procesu i provera procesa S/S.

U radu su date mogucnosti izbora aditiva u zavisnosti od vrste otpadnog materijala. Primenom
tehnoloskog postupka stabilizacije/solidifikacije (S/S) i odgovarajucih aditiva otpadni materijal se
transformise u inertni materijal nezavisno od pojedinacnih vrednosti rastvorijivosti metala, odnosno
komponente u otpadu. Takode, od velike je vaznosti Cinjenica da se neki fizicki ili hemijski parametari
solidifikovanog otpadnog materijala (propustljivost, otpor na kompresiju) mogu lako kontrolisati
izborom hemijskog aditiva i njegovog udela u mesavini (otpad/aditivi). Proces S/S nalazi opravdanu
primenu kod otpada u tecnom stanju ili otpada sa velikim sadrZajem tecne faze, cije odlaganje na
deponije bez prethodnog tretmana nije moguce.

Ovi procesi se mogu vrsiti in-Situ - na lokaciji na kojoj se nalazi opasan otpada i ex-situ - u
pogonima koji su projektovani za tu namenu.

Kljucne reci: proces stabilizacije/solidifikacije, zastita Zivotne sredine, opasan otpad, aditivi

1. UvoD

rijala i kontaminiranih otpada, posebno onih
koji su kontaminirani sa supstancama koje

Procesi stabilizacije/solidifikacije su u
upotrebi od 1950. godine, kada su prime-

njeni za tretman radioaktivnog i opasnog
otpada; danas se ovi procesi i tehnologije
koriste za tretman i remedijaciju kontamini-
ranog zemljista i otpada koji potiCe iz tehno-
loskih procesa prerade metala, pre¢i§¢avanja
voda za pice i dr.

Stabilizacija/solidifikacija (S/S) je proces
koji se koristi za odstranivanje Sirokog spek-
tara zagadujucih supstanci iz razli¢itih mate-

“ Institut za rudarstvo i metalurgiju Bor

su klasifikovane kao ,,opasne”. Tretman
podrazumeva meSanje vezivnog sredstva sa
medijimom ili kontaminiranim otpadom [1].

Tretman podrazumeva meSanje veziv-
nog sredstva sa medijimom ili kontamini-
ranim otpadom, na taj nacin se opasne
materije koje se nalaze u njemu imobilizuju i
sprecava se njihova mobilizacija u Zivotnu
sredinu [2].

- Ovaj rad je rezultat projekta TR 33038 “Usavrsavanje tehnologije eksploatacije i prerade rude bakra
sa monitoringom zivotne i radne sredine u RTB-BOR grupa’”, koji je finansiran od strane Ministarstva
prosvete, nauke i tehnoloskog razvoja Republike Srbije.
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Stabilizacija i solidifikacija su procesi
koji obuhvataju Sirok spektar tehnologija,
koje su usko povezane sa hemijskim i/ili
fizickim procesima smanjenja potencijalnih
negativnih uticaja na Zivotnu sredinu (zem-
ljiste, povrSinske i podzemne vode) i posre-
dno na zivi svet i zdravlje ljudi [2].

2. POJAM STABILIZACIJE I
SOLIDIFIKACIJE

Stabilizacija se odnosi na tehnike kojima
se hemijski postupcima smanjuju poten-
cijalne opasnosti otpada i pretvaraju zaga-
dujuée materije u manje rastvorljive, mo-
bilne, ili toksi¢ne oblike. Fizi¢ke karakte-
ristike otpada ne moraju da se menjaju u
toku stabilizacije.

Solidifikacija se odnosi na tehnike koje
enkapsuliraju otpad, formiraju ¢vrst mate-
rijal, a da pri tome ne mora do¢i do hemijske
interakcije izmedu zagadujuce materije i
aditiva koji sluze za ucvr$¢ivanje. Solidifi-
kacija se postize hemijskom reakcijom iz-
medu otpada i odredenog reagensa ili meha-

otpada, moze biti monolitni blok, materijal
sli¢an glini, granulirane Cestice, ili neki drugi
drugi fizicki oblik koji se obi¢no smatra
,,Cvrstom supstancom®.

Solidifikacija se deli na mikroenkap-
sulaciju (Cestice do 2 mm) i makroenkapsu-
laciju (Cestice ve¢e od 2 mm) u zavisnosti od
granulacije materijala koji se tretira [3]
njenjem povrSine koja je izloZena luzenju
i/ili oblaganjem otpada sa materjalom male
propustljivosti.

Kombinovani procesi solidifikacije/sta-
bilizacije meSanog otpada, zemljista i mulja,
i tretman odredenim sredstvima Cine opasne
sastojke u njima fizi¢ki i hemijskim nepo-

eliminisu ili sprecavaju (otezavaju) mobil-
nost zagadujucih materija [3].

Stabilizacija i solidifikacija su procesi
koji obuhvataju Sirok spektar tehnologija,
koje su usko povezane sa hemijskim ifili

fizickim procesima smanjenja potencijalnih
negativnih uticaja na Zivotnu sredinu (zem-
ljiste, povrsinske i podzemne vode) i posre-
dno na zivi svet i zdravlje ljudi (ITRC). S/S
je vazan tehnoloski postupak koji omoguca-
va transformaciju otpada u inertni materijal,
nezavisno od pojedinacnih vrednosti rastvor-
ljivosti metala, odnosno komponente u otpa-
du. Takode je od velike vaznosti ¢injenica da
se neki fizicki ili hemijski parametari solidi-
fikovanog otpadnog materijala (propustlji-
vost, otpor na kompresiju) mogu lako kon-
trolisati izborom hemijskog aditiva i njego-
vog udela u mesavini (otpad/aditivi) [4].

3. 1ZBOR PROCESA
STABILIZACIJE/SOLIDIFIKACIJE
U ZAVISNOSTI OD VRSTE
OTPADNOG MATERIJALA

Izbor procesa pre svega zavisi od vrste
otpadnog materijala i njegovog daljeg
tretmana. Na osnovu vrste otpada vrsi se
identifikacija S/S tehnologije kao Best
Demonstrated Avialable Treatment Tehno-
logy - BDAT, i na slici 1. prikazane su faze
prikupljanja informacija o tehnoloskom
procesu, a na slici 2. prikazan je nacin na
koji se wrSi tehnoloska provera procesa
stabilizacije/solidifikacije [5].

Na osnovu preliminarne karakterizacije
potrebno je izvrsiti uzorkovanje otpada,
posle Cega je potrebno uraditi dodatnu ka-
rakterizaciju na oshovu koje se donosi
odluka da li je otpad prihvatljiv za laborato-
rijska istrazivanja ili nije. Ukoliko jeste, vrsi
se detaljna karakterizacija otpada, zatim
fizicka, hemijska i mikrostrukturalna ispiti-
vanja S/S otpada, i na osnovu ovih informa-
cija daju se karakteristike pogona, u slu¢aju
S/S ex-situ, slika 1, [5].

Provera tehnologije procesa S/S in-situ
pocinje prouc¢avanjem karakteristika terena i
otpada, i uzorkovanjem terena. Nakon toga
postavljaju se ciljevi ucinka, a zatim je
potrebno uraditi fizibiliti studiju u kojoj se
odlucuje da li je proces S/S odrziva opcija.
Ukoliko je odgovor negativan potrebno je
proveriti da li su izabrana najbolja analiticka
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i tehnicka resenja, i ukoliko je odgovor opet
negativan, dolazi se do zaklju¢ka da bi
proces S/S bio neuspesan.

Kada fizibiliti studija daje pozitivne re-
zultate vrsi se provera literature za odabir
najbolje kombinacije otpad/vezivno sred-

Preliminarana
karakterizacija

Sekeija | l
Uzorkovanje otpada

;

Dodatna preliminarana
karakterizacija

Dali je otpad
prihvatliiv za
laboratoriju?

Analiza nije

Sekcija2 prakticna (realna)

Sastaviti informacije o
karakteristikama

pogona

- Opasne
karakteristike
RCRA

Sekeija4

Sekeija 3

Sl. 1. Faze prikupljanja informacija o
tehnoloskom procesu [5]

4. 1ZBOR ADITIVA U ZAVISNOSTI
OD VRSTE OTPADA

Izbor metode S/S opasnog otpada zavisi
od vrste otpada, sadrzaja opasnih i Stetnih
komponenti, i primenjuje se kao metoda
predtretmana opasnog otpada pre odlaganja
na deponijul.

Veliki uticaj na efikasnost procesa ima
izbor aditiva koji se koriste u procesu S/S, a
koji zavise se od vrste otpada i uslova sta-
renja produkta procesa S/S. Efikasnost S/S
procesa vrsi se odredivanjem mobilnosti

stvo, i laboratorijska ispitivanja i testiranja.
U slucaju pozitivnih rezultata vrsi se testi-
ranje u pogonu ili pilot postrojenju na osno-
vu Cega se donosi pozitivna ili negativna
odluka o procesu S/S otpadnih materijala,
slika 2, [5].

Uzorkovanje terena RaspoloZiva
K ke terena analitickafehnicka
Karakteristike otpada reSenja S/S?

Ne

Uspostavljanje ciljeva
udinka

Fizibiliti studija.
DalijeSS
odr2iva opeija?

Provera literature za sclekciju
odgovarajuée kombinacije
otpad/vezivno sredstvo

Provera u laboratorijskim
uslovima

ot
e

Testiranje u laboratorijskim
uslovima

Neuspesno

Sl. 2. Provera procesa
stabilizacije/solidifikacije [5]

opasnih i Stetnih komponenti, i pritisnom
¢vrstotom, nakon postupka solidifika-
cije/stabilizacije.

Aditivi koji se primenjuju kao veziva u
procesima S/S mogu biti neorganskog,
organskog porekla, ili njihova kombinacija.
Najces¢e primenjeni aditivi su neorganskog
porekla i to: cement, pepeo, krec, rastvorljivi
silikati, pocolani, bentonit, glina, §ljaka viso-
kih pe¢i i drugi materijali, a organski aditivi
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su asfalt, epoksid, poliestar i polietilen. U
vise od 90% procesa S/S koriste se neor-
ganska veziva. U principu, neorganska vezi-
skih. Organska veziva se obi¢no koriste za
solidifikaciju radioaktivnog otpada ili speci-
fi¢nih 1 opasnih organskih jedinjenja [6].

4.1. Neorganska vezivna sredstva kao
aditivi

U cilju lak$eg izbora aditiva, u zavisnosti
od vrste otpada, u radu autora Fleri M. A, i
sar., (2007), [7] dat je pregled aditiva koji
se koriste u procesima S/S. Na oshovu
rezultata dobijenih analitickim metodama
obrade uzorka i kriterijuma koje treba da
ispuni S/S otpadni materijal vrsi se prelimi-
narna selekcija aditiva.

Najcesce koriscen aditiv je portland ce-
ment (PC), koji moze da zadovolji razne
fizi¢ke 1 hemijske uslove [8]. Tokom testi-
ranja, portland cement se obi¢no kombinuje
sa drugim reagensima za formiranje smese
koja zadovoljava potreban  kriterijum.
Dodaci od primarnog znacaja su pocolani,
bentonit i hemikalije koje smanjuju luzenje i
razredivanje zagadujuc¢ih materija.

Pocolani su dodaci koji sadrze leteci
pepeo, silicijumove pare i druge fino mle-
vene supstance koje cementu povecavaju
¢vrstocu, gustinu i izdrZljivost. U oblasti
zastite zivotne sredine najCe$ée se koriste
pocolani koji ukljuéuju leteéi pepeo i Sljaku
iz visoke peci. Pepeo se moze podeliti u dve

glavne klase, kao Sto je navedeno u ASTM
C618 standardu [9].

Drugi znacajan pocolan je sljaka visoke
peci, koji se definise kao ,,nemetalni proiz-
vod koji se u sustini sastoji od silikata,
alumino-silikata kalcijuma i osnove koja se
razvija u istopljenom stanju istovremeno sa
gvozdem u visokoj pe¢i.” Tri vrste $ljake se
koriste u proizvodnji cementa, i to su vaz-
dusno hladena, ekspandirana i granulisana
Sljaka. Osnovna osobina ovih vrsta §ljaka je
trajnost i upotreba kao dodatak cementnim
proizvodima. Zbog svoje pristupacne cene i
dostupnosti, §ljaka visoke peci je izabrana za
upotrebu u smesi sa lete¢im pepelom [7].

Bentonit je obraden glineni materijal koji
se sastoji uglavnom od minerala montmo-
rilonita. On ima veliki afinitet prema vodi i,
kada je hidratisan, povecava svoju zapre-
minu vise od 7 puta [10]. Bubrenje i mala
propustljivosti su svojstva zbog kojih je
upotreba bentonita Siroko rasprostranjena u
projektima zastite zivotne sredine. Smanje-
nje propustljivosti donjeg dela zemljista
moze se posti¢i malim dodacima bentonita;
dodavanjem samo 0,75% bentonita pro-
pustljivost se smanjuje dva puta.

4.2. Efikasnost aditiva za razli¢ite vrste
otpadnog materijala

Uspesnost procesa S/S pre svega zavisi
od izbora aditiva i njihove efikasnosti. U
tabeli 1. dati su aditivi koji se najcesce
koriste i njihova primena u zavisnosti od
vrste otpadnog materijala.

Tabela 1. Preporucene procesi S/S u zavisnosti od vrste otpada [4]

Proces S/S

Primena

Solidifikacija sa cementom

Muljevi, kontaminirana zemljiSta

Solidifikacija sa kre¢om

Otpad od desulfurizacije otpadnih gasova, drugi
neorganski otpad

Solidifikacija sa termoplasti¢nim

Radioaktivni otpad

materijalima
Inkapsulacija Muljevi, te¢nosti, odredene materije
Vitrifikacija Ekstremno opasan otpad, radioaktivni otpad

U ovakvim slucajevima efikasna je
primena cementa kao aditiva za vezivanje
te¢ne faze, jer cement reaguje sa vodom,

hemijski vezuju¢i vodu u hidratisani cemen-
tni proizvod. Slobodna te¢na faza pri doda-
vanju cementa vezuje se za njega cesce
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hemijskim vezama, a rede biva adsorbovana,
i zbog toga je otpor na kompresiju najmanje
0,34 MPa (50 psi) [4].

U slucaju sprovodenja remedijacije, kao
postupka odrzivosti zemljita, S/S je Cesto
jedino reSenje i dostupna tehnologija za
remedijaciju velike koli¢ine zemljiSta konta-
minirane teSkim metalima, mulja ili taloga.
U ovom slucaju kao se preporucuje cement,
jer smanjuje mobilnost metalnih jona,
formiranjem teSko rastvornih hidroksida
metala, karbonata ili silikata. U toku procesa
S/S dolazi do prelaska metala iz jonskog
oblika u mineralnu strukturu i fizi¢ke inkap-

Pb precipitat

cd
CaCd(OH) g
Zn — 8
CaZny(OH)s - 2H20 v

Powrfinska

Zona

sulacije. Takode, predtretmanom se moze
smanyjiti toksicnost nekih metala promenom
valentnog stanja [4].

Primenom kombinovanog postupka
stabilizacije i solidifikacije otpada koji
sadrzi teSke metale, u velikoj meri dolazi do
transformacije oblika u kome se teski metali
nalaze i najces¢e prelaze u tesko rastvorne
hidroksidi u kojima je smanjena mobilnost
jona teskih metala.

Solidifikacijom se dodatno smanjuje
mobilnost teskih metala iz novonastalih
tesko rastvornih oblika, slika 3.

Povr!x_m Eestice

HgO
BaSOq
BaCOs3

Inkorporirani
Cr

Zrno cementnog
klinkera

C-S-H

Sl. 3. Proizvod procesa stabilizacije i solidifikacije opasnog otpada koji
sadrzi teske metale, primenom Portland cementa kao aditiva [11].

Tretman materijala koji sadrzi pretezno
organske zagadujuée materije mogué je
takode primenom cementa kao aditiva. U
toku procesa S/S dolazi do ocvrs¢avanja
materijala, kroz promene fizickih osobina
cementa. NaroCito se preporucuje ukoliko
otpad ili materijal sadrzi slobodnu vodu,
koja ulazi u proces hidratacije, stvarajuci sa
cementom visoko fiziCki integrisan mate-
rijal, monolit. Postupak je pokazao visoku
efikasnost u smanjenju mobilnosti opasnih i
Stetnih materija iz otpada koji sadrzi polu i
tesko isparljive policiklicne aromati¢ne
ugljovodonike (PAH), polihlorovane Dbife-
nile (PCB), pesticide, organske cijanide i dr.

Nedostatak S/S primenom cementa je u
sluajevima kada otpad ima visoki sadrzaj
masti i ulja, kada je onemogucéen proces
hidratacije cementa. Cestice cementa bivaju
oblozene uljima ili mastima, ¢ime je onemo-

gucéen kontakt izmedu cementa i vode. Neke
organske komponente uticu na vreme vezi-
vanja cementa, ¢ime ceo postupak solidifi-
kacije moze znatno da se produzi. Iz nave-
denih razloga, neophodno je pre izbora adi-
tiva uraditi kompletnu kvalitativnu i kvanti-
tativnu hemijsku analizu otpada, ¢ime se
spreava nastanak nezeljenih efekata na
samom terenu. Takode, upotrebom negase-
nog kreca kao aditiva dolazi do egzotermne
reakcije tokom procesa hidratacije, ¢ime se
oslobada znatna koliCina energije. Ako su u
otpadu prisutne lako isparljive opashe i
Stetne komponente, iste ¢e tokom procesa
S/S biti emitovane u atmosferu. Ako ne
postoji druga alternativa negasenom krecu
kao aditivu u procesu S/S, neophodno je
obezbediti uredaje za sakupljanje i tretman
gasova/vazduha [4].
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4.3. Izbor aditiva u zavisnosti od
vrste otpada

U cilju lakSeg izbora aditiva u zavis-
nosti od vrste otpada radena su istrazi-
vanja od strane autora Chan B. K. C. i sar.
(2008), [14]. Ispitivani materijali za izradu
modela za izbor aditiva bili su slede¢i: JR
— otpad sa najveéim sadrzajem opasnih
komponenti, OMW - fino granulisani
otpad sa niskim sadrzajem opasnih kom-

ponenti. Testirani aditivi su: SS - kvarcni
pesak, PC - komer-cijalno dostupni Port-
land cement, FA - lete¢i pepeo i L - krec.
U tabeli 2. prikazani su rezultati ispiti-
vanja stabilizacije opasnog otpada sa
razli¢itim sadrzajem opasnih komponenti
primenom razli¢itih aditiva i sa razli¢itim
udelom.

Tabela 2. Rezultati ispitivanja stabilizacije opasnog otpada sa razlicitim sadrzajem
opasnih komponenti primenom razlicitih aditiva [12]

MESAVINA % OsuSenog kontaminiranog zemlji§ta/otpada Udeo
PC FA SS oMW JR L voda/otpad
5PC-FA 5 15 80 - - - 0,20
5PC-FA-OMW 5 15 70 10 - - 0,30
5PC-FA-JR 5 15 70 - 10 - 0,25
10PC-FA-JR 10 15 65 - 10 - 0,30
10L-FA-JR - 15 65 - 10 10 0,43
5PC-FA-L-JR 5 15 65 - 10 5 0,41

JR - otpad sa najvecim sadrzajem opasnih komponenti, OMW - fino granulisani otpad sa niskim
sadrzajem opasnih komponenti, SS - kvarcni pesak, PC - komercijalno dostupni Portland cement,

FA - leteci pepeo i L - krec

Koncentracije teskih elemenata As, Cd,
Co, Cu, Mn, Mo i Ni u otpadu posle pred-
tretmana, dobijene sprovodenjem propi-
sanih procedura ispitivanja opasnih i toksi-
¢nih karakteristika otpada, bile su ispod
granice dozvoljenih vrednosti za podzemne
vode i zemljiste, ¢ak i iz uzoraka otpada koji
ima povecani sadrzaj opasnih komponenti.
Na slici 4 su prikazana koncentracije Pb i Zn
sa razli¢itim aditivima, i sa kojih se vidi da
su koncentracija Pb i Zn sa kombinacijom
aditiva 5PC-5L-JR iznad dozvoljenih gra-
nica. U ispitivanom uzorku JR koncentra-
cije Pb i Zn su bile iznad dozvoljenih gra-
nica. Rezultati ispitivanja kontaminiranog
zemljista sa manjim sadrzajem opasnih
komponenti, a nakon sprovedenog postupka
predtretmana, dali su zadovoljavajuce rezul-
tate [12]. Adsorpcija na hidratisanom
gvozde(Ill)-oksidu, koji je bio prisutan u

uzorcima smanjila je mobilnost jona arsena,
slika 5.

4.4. Pravilan izbor reagensa

Za stabilizaciju otpada koji sadrzi teske
metale i veliku koli¢inu vode, a koji je nastao
kao posledica rudarskih aktivnosti, postupak
koji se preporucuje je neutralizacija kre¢om
iz razloga stvaranja teSko rastvornih hidro-
ksida u alkalnim uslovima.

Dodatno, u postupku solidifikacije moze
nastati po povrsini zrna, u prisustvu siliciju-
ma i aluminijuma, nepropusna barijera, kal-
cijum-silikatni gel ili kalcijum-aluminatni
gel, ¢ime se povecava efikasnost postupka
[13]. Kriva rastvorljivosti hidroksida teskih
metala u zavisnosti od pH vrednosti sredine
prikazana je na slici 6. (a), ¢ime se jasno
uocava uticaj pH vrednosti na mobilnost
teskih metala [4].
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Sl. 4. Koncentracije Pb i As uz dodatak razlicitih aditiva [12]
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Sl. 5. Koncentracija As bez i sa dodatkom aditiva (Fe,05) sa
pocetnom koncentracijom As od 0,03 mg/L [12]

Tretman nastalog produkta nakon pro-  kasnost postupka. Na slici 6. (b) prikazan je
cesa solidifikacije i stabilizacije otpadnog uticaj temperature i uslova susenja i vremena
materijala moze imati znacajni efekat na efi-  starenja na mobilnost cinkovih jona u mulju.

Cu
Pb

Fe**

Koncentracija metala (mg/L)
Zn (mg/L)

L . I L Vreme starenja
4 6 e W 12 (meseci)
@ (b)

SI. 6 (@) Kriva rastvorljivosti hidroksida teskih metala u zavisnosti od pH vrednosti i
(b) Uticaj temperature, uslova suSenja i vremena starenja na mobilnost cinkovih jona u mulju [4]

Broj 3, 2015. 105 Mining & Metallurgy Engineering Bor



Sa slike 6. se jasno uocava da starenje
od 6 meseci pri temperaturi od 25°C, pri
atmosferskim uslovima, smanjuje mobil-
nost jona cinka na ispod 10 mg/L [4].

5. PROCESI
STABILIZACIJE/SOLIDIFIKACIJE
IN-SITU I EX-SITU

Procesi i tehnologija stabilizacije/solidi-
fikacije in-situ popularni su za tretman i
remedijaciju kontaminiranog zemljiSta, po-
sebno na lokaciji na kojoj objekat ve¢ posto-
ji ili je napusten. Proces S/S doprinosi odrzi-
vom razvoju, tako $to se kontaminirani ma-
terijal moze tretirati na licu mesta i na taj na-
¢in ponovo koristiti, bez potroSnje goriva za
transport i smanjenja rizika za okolinu [1].

In-situ stabilizacija/solidifikacija, odno-
sno dubinsko meSanje zemljista, je Siroko
prihvacen tehnika u oblasti zastite zivotne
sredine, koja se koristi za imobilizaciju zaga-
dujué¢ih materija, ¢ime se sprecava dalje
Sirenje zagadenja kroz zemljiste i podzemne
vode. S/S se koristi za ekolosko tretiranje
raznih industrijskih otpadnih materijala na
kontaminiranim lokacijama. U svakom
slucaju, tretiran materijal moZe se ponovo
upotrebiti na licu mesta ili na drugoj lokaciji,
§to znacajno smanjuje troSkove, 1 Stiti
zdravlje ljudi i Zivotnu sredinu [1].

Najzastupljenija in-situ proces stabili-
zacije podrazumeva meSanje kontamini-
ranog zemljista ili otpada sa cementom kao
aditivom ili drugim materijalima koji imaju
slicne hemijske i fizicke osobine (leteci
pepeo i sl.), koji imaju veliku sposobnost
adsorbcije, time smanjuju pokretljivosti
opasnih i §tetnih komponenti [14].

Procesi S/S koji se koriste za reme-
dijaciju imaju namenu da smanje prolazak
zagaduju¢ih materija iz zemljista, taloga,
mulja i otpada koji se ispira (luzi) iz izvora
zagadenja u okolinu, u okviru prihvatljivih
kriterijuma navedenih u cilju remedijacije.

Tehnologija S/S se moze primeniti za
Sirok spektar zagadujucih materija. Uspesna
primena ove tehnologije pocinje ispitiva-
njem lokacije. Nakon toga, i nha osnovu

prikupljenih podataka, vrsi se izrada tehno-
ekonomske studije (TS — Treatibility Study) i
pilot studije (PS — Pilot Study) iz kojih se
vidi potrebna koli¢ina i uticaj veziva na
zemljiSte, kao i geohemija zemljista. Da bi
se utvrdila potencijalna efikasnost S/S teh-
nologije treba prikupiti parametre koji se
odnose na testove i kriterijume, Kkoji se
koriste za razvoj S/S tretmana koji zadovo-
ljava ciljeve remedijacije. Ove specifikacije
imaju za cilj: (1) usmeravanje i procenu
fizibiliti studije, i (2) uspostavljanje mini-
malnog broja operacija na terenu i uskla-
denost karakteristika materijala u labora-
torijskim uslovima. Unapredenje tehnologije
— projekta S/S vrsi se pratenjem Zivotnog
cilkusa procesa, od istrazivanja lokacije do
potpunog zavrsetka remedijacije, kao dokaz
odrzivosti tehnologije. Dobro uradena fizi-
biliti studija moze smanjiti broj i vrstu adi-
tiva koje je potrebno koristiti u pilot studiji,
koja takode omogucava pravilno odredi-
vanje cena, isporuku i dostupnost aditiva i
vezivnih sredstava, kao i da se bolje razu-
meju fizicke i hemijske osobine kontami-
niranih otpada. Izbor aditiva i veziva mora
se vrsiti planski, na osnovu fizickih i hemij-
skih osobina otpada, zatim na osnovu najbo-
ljeg isporucioca aditiva, a i najrasprostra-
nijeg i najisplativijeg vezivnog sredstva, jer
troskovi za aditive mogu da iznose 30-50 %
od troskova za stabilizaciju [7].

Kada je remedijacija implementirana —
realizovana, potrebni su dugoro¢ni programi
upravljanja prirodnim resursima koji se
obi¢no koriste za proveru da li je projekat i
dalje na snazi, i kao takav da li §titi zdravlje
ljudi i Zivotnu sredinu (ITRC).

Fleri M. A. i sar.(2007) [7] prikazali su
niz projekata u kojima je prikazana tehno-
logija stabilizacije koji ukljucuju injektiranje
vezivnog sredstva u zemljiste. U stvari, teh-
nologija dubinskog mesanja zemljiSta posta-
je Cest izbor remedijacione tehnologije, slika
7., jer se smanjuje koli¢ina iskopanog zem-
ljista (off-site), i na taj nacin Stede naknade i
troskovi uklanjanja i naknadnog popunjava-
nja; smanjuju se neprijatni mirisi za vreme
vrSenja sanacije okoline i ukupni remedija-
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cioni troskovi su znatno nizi od drugih reme-
dijacijonih tehnologija, kao Sto termicka

desorpcija i in-situ hemijska oksidacija za
otklanjanja kontaminiranih materijala.

Binding Agent
Injected Into Soil

Augers Spin
and Mix Soil

Solidified Soil

@)

(b)

SI. 7. SIS proces in-situ (a) i ex-situ (S/S otpadni materijal) (b)

Procesi S/S ex-situ se primenjuju u
pogonima koji su projektovani za te procese,
a koriste se za razlicite vrste muljeva, i druge
otpadne materije koje sadrze ,,opasne”
supstance, kao S$to su teski metali, S/S
otpadni materijal dat je na slici 7 [15].

6. ZAKLJUCAK

Za procese stabilizacije/solidifikacije
(S/S) je dokazano da su efikasni za tretman
otpada koji sadrzi opasne materije. Najva-
zniji korak u procesu S/S otpadnog mate-
rijala predstavlja kvalitativna i kvantitativna
analiza otpadnog materijala, na osnovu koje
se moze izvrsiti izbor vezivnog sredstva i
aditiva. Fizickim i hemijskim metodama
vrse se ispitivanja S/S proizvoda, na osnovu
kojih se vrsi njegova kategorizacija.

Promenom fizickog karaktera otpada
primenom procesa stabilizacije/solidifika-
cije, spreCava se nastanak velike koliCine
procednih voda na deponiji sa visokim sadr-
zajem opasnih i Stetnih komponenti; ¢ime se
postize dvostruki efekat, Stiti se Zivotna sre-
dina sa jedne strane, a sa druge strane sma-
njuju se troskovi procesa zbrinjavanja opa-

snog otpada, jer nema potrebe za insta-
lacijom i radom sistema za precis¢avanje
otpadnih/procednih voda sa deponije.
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