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a b s t r a c t

The aim of the present work is to investigate the effect of a prolonged leaching test (more than a year)
on the microstructure of solidified cementitious wasteforms. A set of four different cement-based mono-
liths (Ap, Bp, Cp and Dp) was prepared, and for each series an uncontaminated sample was prepared as
reference (A–D). An organoclay was added in all pastes as pre-sorbent material for the pollutant; a model
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liquid organic pollutant, 2-chloroaniline (2-CA), was added only in the contaminated ones and different
types of admixtures, chosen among those typically employed in the concrete mix-design, were used. After
the first 28 days of curing, all the monoliths, contaminated and uncontaminated, underwent a dynamic
leach testing (DLT) for more than 1 year in deionized water.

© 2009 Elsevier B.V. All rights reserved.
ong-term leaching test

. Introduction

In most western countries land disposal of certain hazardous
astes at new or existing landfills is now prohibited and protective

reatments are strictly required to ensure that toxic components are
revented from spreading around in the environment. Among the
echnologies used to convert an hazardous waste into an environ-

entally acceptable one, the solidification/stabilization (S/S) with
ementitious binders is certainly one of the most widely applied,
t least when dealing with inorganic substances [1]. The use of S/S
echnology to dispose organic wastes has been much less inves-
igated [2–8], due to the negative effect of organic substances on
he hydration process of cement pastes. Small amounts of organic
omponents in a waste can be tolerated, but the contaminant leach-
bility from the cemented waste form has to be carefully monitored
r modelled [8]. In recent years, it has been suggested that the use of
rganophilic clays as pre-sorbent materials to bind the organic frac-
ion of the waste [9], which otherwise would be almost free to exit
he porous cement matrix [10]. A great concern, still, deals with the
urability of cementitious wasteforms due to long-term alteration
f cement pastes, that is not yet completely studied nor understood
2,11–13]. In waste disposal facilities the solidified waste forms may

e exposed to water flow or rainwater leaching and the most rel-
vant consequence on cement microstructure is probably calcium
eaching, to which degradation phenomena, such as decrease in
trength and increase in porosity, are strongly related [14].

∗ Corresponding author. Tel.: +39 02 2399 3234.
E-mail address: pgallo@chem.polimi.it (P.Gallo Stampino).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.05.076
Adenot and Buil [15] pointed out that deionized water leach-
ing causes dissolution of portlandite and progressive decalcification
of the C–S–H. Furthermore, it seems that portlandite dissolution
has a great influence on cement paste degradation [16], causing an
increase in porosity and a decrease of mechanical strength [17].

Moreover, it has been demonstrated [17,18] that leaching tests
cause microstructural and mineralogical modifications of hydrated
phases inside cement pastes, that our study aimed to investigate.
In literature, there are still very few studies dealing with long-term
leaching tests; in particular, most of the works tend to predict the
behavior of leaching using mathematical models [19,20] or acceler-
ated tests [14]. Also, a large part of the studies published, concerning
long-term leaching tests, treats non-organic wastes; thus, we inves-
tigated the behavior of a model organic pollutant under an actual
long-term leaching test (497 days). We chose to use deionized water
as leachant, as suggested by the Italian regulation [21] to model
the effect of typical leachants of a possible landfill scenario. In fact,
deionized water has the additional advantage of reproducing the
adverse effects of natural waters with low mineral content, such as
rainwater and subterranean waters characterized by a low mineral
content and approximately neutral pH [22].

Deionized water, used throughout the leaching test, can greatly
influence the mobility of ions such as Ca2+ (coming from dissolution
of portlandite and partially desorbed by C–S–H), thus potentially
damaging the microstructure of the cement paste, and increasing

the connected porosity [17,23], which is directly linked with leach-
ing test performance. Dissolution of portlandite is believed to cause
the formation of large diameter pores, thus creating an easy path
for deionized water for removing the pollutant from the cement
matrix [24].

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:pgallo@chem.polimi.it
dx.doi.org/10.1016/j.jhazmat.2009.05.076


1042 L. Zampori et al. / Journal of Hazardous Materials 170 (2009) 1041–1049

Table 1
Raw oxide and mineralogical composition (Bogue calculation) for OPC I 52.5 R.

Raw oxide composition (wt%) Bogue calculation (wt%)

CaO 55.89 C3S 41.43
SiO2 19.57 C2S 24.85
Al2O3 4.52 C3A 8.74
Fe2O3 1.92 C4AF 5.84
SO3 3.20 CSH2 6.87
Na2O 3.40 Total 87.74
K2O 1.96
MgO 0.25
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Table 2
Composition of cement pastes (w = water, c = cement, sm = solid mat-
ter = cement + organoclay, s = slurry = water + 2-CA + organoclay, sp=superplasticiser,
rl = rubber latex, wa = waterproofing agent, 2-CA = 2-chloroaniline, oc = organoclay).

Sample w/c w/sm s/c sp/c rl/c wa/c 2-CA/c oc/c

Ar 0.85 0.70 – – – – – 0.22
Ap 0.85 0.70 0.30 – – – 0.08 0.22
Br 0.68 0.55 – 0.015 – – – 0.22
Bp 0.67 0.55 0.30 0.015 – – 0.08 0.22
Cr 0.85 0.70 – – 0.05 – – 0.22

ples Ap, Bp, Cp, Dp. Concentration of 2-CA in water was determined
at each leachant renewal, according to the UNI standard sched-
ule; the amount of 2-CA released was gas-chromatographically
determined after isooctane micro-extraction. GC analyses were per-
OI (loss on ignition) 2.55
aO free (free lime) 2.76

nsoluble residue 0.84

The research here presented, is the follow-up of a previous work
25] where a short-term leaching test was performed. So, in this
ork the same cement-clay pastes monoliths, simulating waste

orms containing a large amounts of a model organic pollutant
2-chloroaniline), were prepared in order to evaluate the leach-
ng performance over a long-term time (14 months). Eight series
f samples were prepared and the role of different admixtures for
oncrete mix-design was investigated both in terms of microstruc-
ural characterization and leaching behavior. The techniques used
o comply with this scope were: (i) X-ray diffraction (XRD) for the

ineralogical characterization, (ii) SEM-EDX for a morphological
nd microstructural description, and (iii) TG-DTG for monitoring
he amounts of Ca(OH)2 and carbonate phases.

. Experimental

.1. Sample preparation

Cement pastes were prepared by mixing Ordinary Portland
ement (OPC) Type I 52.5 R (Cementi Rossi Piacenza, Italy; see
able 1), organoclay (provided by Laviosa Chimica Mineraria s.r.l.
taly) as pre-sorbent agent for the organic liquid pollutant, and
hree commercial admixtures for concrete, in particular: a super-
lasticiser based on acrylic modified polymer, a synthetic rubber

atex and a waterproofing agent. All of the additives were pro-
ided by Mapei SpA (Italy). The model organic pollutant was
-chloroaniline (2-CA), Fluka (99.5% purity). Waters MilliQ® water
as used throughout this work. The organoclay, used as supplied by

he producer, was a montmorillonite modified with an ammonium
uaternary salt (benzil-dimethyl-tallow-ammonium, BDMTA); the
asal spacing, determined by XRD analysis, was 22.7 ± 0.2 Å and
he amount of organic matter (om), estimated from the weight loss

easured by thermogravimetric analysis, was 0.32 kgom/kg of solid.
Eight series of samples were prepared: series Ap, Bp, Cp and

p (polluted) contained both 2-CA and the organoclay, while four
ther series (Ar, Br, Cr and Dr, where the label r stands for “refer-
nce”) were uncontaminated. The superplasticiser, chosen among
hose typically applied in the concrete mix-design, was added in
eries Br/Bp; the synthetic rubber latex was added in series Cr/Cp
nd the waterproofing agent in series Dr/Dp. Series Ar/Ap, instead,
ere prepared without admixtures as references as reported in

able 2, for all series the same organoclay-to-cement and 2-CA-to-
ement weight ratios were used: oc/c = 0.22 and 2-CA/c = 0.08. The
ater-to-cement ratio was w/c = 0.85 in all samples, but series Br/Bp

w/c = 0.67), where the addition of the superplasticiser allowed a
ubstantial reduction of water. Samples were prepared admixing
n a mortar mixer (65-L0005 Controls) the components in the fol-

owing order: (i) organoclay, 2-CA, and some water were mixed
ogether until a homogenous slurry was obtained; (ii) cement pow-
er and the remaining water were added; (iii) finally, as suggested
y the producer, the liquid admixture, i.e. superplasticiser, was
Cp 0.85 0.70 0.30 – 0.05 – 0.08 0.22
Dr 0.85 0.70 – – – 0.01 – 0.22
Dp 0.85 0.70 0.30 – – 0.01 0.08 0.22

poured into the mixer. The whole process lasted about 15 min. The
fresh pastes were cast into polyethylene cylindrical moulds (3.2 cm
height and 2.2 cm diameter), only partially filled and sealed. All
sealed samples were cured in an air-conditioned room at 23 ± 1 ◦C
and RH = 50%. One specimen for each group was demoulded at
28 days and used to perform the leaching test which lasted for
about a year and a half (497 days). Then, another solidified mono-
lith, aged for 19 months (525 days) in sealed conditions, was
demoulded and cut: a fraction of the sample was ground in a grind-
ing mill to obtain the powders used for XRD and TGA analysis
and some fragments for scanning electron microscopy (SEM-EDX)
analysis.

2.2. Leach test

The dynamic leach test (DLT) was carried out in compliance
with the UNI 8798 standard [21]. The leaching test started after
28-day curing: solidified samples were hung in a 500 mL jar filled
with 250 mL of deionized water, completely immersed and main-
tained at 24 ◦C without agitation. Water was periodically renewed
according to the following procedure: once a day the first week,
two times the second week, once a week up to the sixth week, then
once a month up to the sixth month, while no water renewal were
made in the remaining months. These operations were performed
for a number of progressive extractions up to 497 days for sam-
Fig. 1. Result of leaching test, after 497 days of leaching. It is reported an enlargement
for the first 28 days of leaching.
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Table 3
Mineralogical phases detected by means of XRD present only in some samples
(+ = present; − = absent).

Phase CH Dolomite C4AC0.5H12

PDF # 04-0733 71-1662 41-0221
Ar + − −
Ap + − +
Arl + − −
Apl + − −
Br + − −
Bp + + +
Brl + − −
Bpl + − −
Cr + − −
Cp + − +
Crl + − −
Cpl + − −
Dr + − −
Dp + + +
D
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3.2. Mineralogical characterization
rl + − −
pl − − −

ormed with a Carlo Erba Mega mod. 5160 instrument, equipped
ith an on-column injector, flame ionization detector and HP fused

ilica capillary column 0.32 mm internal diameter and 50 m length,
oated with 5% phenylmethylsilicone rubber, 0.5 �m thickness.
emperature was linearly raised from 70 ◦C to 130 ◦C at 4 ◦C/min;
hen to 250 ◦C at 10 ◦C/min. A final isothermal time of 5 min at 250 ◦C
as maintained.

Leached samples were labelled with an “l” following the label
r”(reference) or “p”(polluted).

.3. Thermogravimetric analysis (TG-DTG)

Thermal measurements were performed with a DTA-TG SEIKO
300; TG analyses were carried out in nitrogen from room tem-
erature up to 1000 ◦C, at 10 ◦C/min rate. Powdered samples, were

bout 20 mg. The amount of portlandite was calculated by the step-
ise weight loss occurring between 450 ◦C and 500 ◦C. All values

re reported as grams per gram of ignited residue.

Fig. 2. XRD pattern of sample Bp
Materials 170 (2009) 1041–1049 1043

2.4. X-ray powder diffraction (XRD)

The X-ray diffraction (XRD) measurements were carried out
with a Bruker D8 Advance diffractometer at room temperature over
the 2� range 2–70◦ using graphite monochromated Cu K� radiation.
The step scan was 0.02◦ and the measuring time 12 s/step. The phase
analysis was investigated using the Diffrac Plus Evaluation software
(Bruker AXS).

2.5. Scanning electron microscopy (SEM)

A Cambridge Stereoscan 360 scanning electron microscope
(SEM) equipped with an Oxford Inca Energy 200 Link Energy Dis-
persive Spectrometer (EDS) was used for the morphological and
chemical analysis of the hydrated samples. SEM-EDX analysis were
carried out onto the fracture surfaces of the monoliths and gold
coated to prevent charging effects.

3. Results and discussion

3.1. Leaching behavior

The cumulative amounts of 2-CA released up to 497 days are
shown in Fig. 1. The curves indicate that 2-CA slowly tends to be
released from the monolith, even if a different behavior character-
izes the four different series. The best performance was observed
for sample Bpl, that retained inside the cement matrix 50.9% of the
total initial 2-CA; while the worst one belonged to samples Apl and
Dpl that showed a very similar behavior (2-CA released amounts
respectively to 70.5% and 73.0% of the total initial content). An inter-
mediate situation was detected for sample Cpl (62.7%). The best
retention, observed for series Bpl, is probably related to its more
compact matrix compared to the other series, due to the lowest
water-to-cement ratio adopted thanks to the use of the superplas-
ticiser. It has to be noted that the use of either a synthetic rubber
latex or a waterproofing agent does not significantly improve the
retention of 2-CA inside the cement matrix.
The major crystalline phases found in all cement pastes,
hydrated or leached for 525 days, were: portlandite (pdf-card #

after 525 days of curing.
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Fig. 4. Amounts of portlandite estimated by means of TG-DTA for samples A–D after
28 days of curing, both polluted and non-polluted (a); Ar, Br, Cr, Dr and Ap, Bp, Cp,
Dp (b); Arl, Brl, Crl, Drl and Apl, Bpl, Cpl, Dpl (c).
ig. 3. XRD patterns, in the 2� ranges: 17–19◦ , 33–35◦ , 46–48◦ , 50–52◦ for samples
pl, Bpl, Cpl, Dpl (a); Dr, Dp, Drl, Dpl (b) and in the same ranges for samples A–D
fter 28 days of curing (c).

4-0733) except in Dpl, ettringite (41-1451), �-dicalcium silicate
33-0302), calcite (05-0586), monocarboaluminate C4ACH11 (AFm
hase, 41-0219), quartz (83-2465), and modified montmorillonite,
s well as amorphous hydrated calcium silicate. Only in polluted
amples (p) hemicarboaluminate was detected (C4AC0.5H12, pdf-
ard # 41-0221), while small amounts of dolomite (71-1662) were
etected in samples Bp and Dp. According to the hydration models
eported in literature [26] tricalcium silicate should have com-
letely reacted after 525 days of curing and consistently it is not
resent in any diffractogram. Phases that were present only in some

f the samples are summarized in Table 3. A typical X-ray diffrac-
ogram of the monoliths prepared is shown in Fig. 2.

The degree of reaction of portlandite and ettringite of the sam-
les was estimated by observing the areas under the corresponding
eaks for all pastes.

Fig. 5. Digital pictures taken onto the surface of contemporarily polluted and
leached samples of the four series.
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Fig. 6. SEM pictures of the pure organoclay (a), of a grain of organoclay inside the
cement matrix (b) and of a detail of the organoclay (c).
Fig. 7. Portlandite inside the cement matrix of sample Ar (a) and euhedral crystals
inside a pore of sample Bp (b).

3.2.1. Portlandite
The amounts of portlandite detected by XRD are to be consid-

ered average values over the whole sample. By comparison of the
X-ray diffraction patterns of 525-day-old samples of different series
we can point out that the content of portlandite in the following
order: Bpl > Cpl > Apl > Dpl (Fig. 3a). This result is somehow related
to the leaching behavior where it was generally observed that, the
lowest the portlandite content, the highest the 2-CA released. The
differences observed among the four series might be explained
considering their different compactness and porosity which may
influence the mobility of pore fluids and 2-CA. Inspection of the X-
ray diffraction patterns of one family (see for example family D in
Fig. 3b) reveals that the portlandite content decreases as follows:
r ≥ p > l > pl, and the same trend is observed in the other three series
(i.e. A, B and C). It is worth noting that the increased portlandite
dissolution [27] induced by the long-term immersion in deionized
water is enhanced by the presence of 2-CA.

Since the diffraction patterns of 28-day-old samples, taken
before starting the leaching test, showed comparable amounts of
portlandite both within a same series and among the four series

(Fig. 3c), it can be assessed that the amount of portlandite depends
on three main factors: (i) leaching, (ii) presence of pollutant, and
(iii) compactness of cement paste matrix. Thus, while deionized
water used during the leaching test enhances portlandite dissolu-
tion [27], it seems that the presence of 2-CA might in some cases
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Fig. 8. Details of: C–S–H (a), ettringite inside a pore (b), ettringite and portlandite inside a pore (c), and ettringite and carboaluminate (d).

Fig. 9. Details of portlandite crystals in sample Ap (a), Bp (b), Cp (c), and Dp (d).
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nhances the leaching effect of water, thus affecting the stability of
ortlandite and causing its dissolution. Furthermore, the concomi-
ant presence of water and 2-CA during the leaching process turned
ut to cause a steep rise in portlandite dissolution.

Thermal analysis confirms the trend observed by means of XRD.
n Fig. 4 it is reported the average amount of portlandite detected
or all the samples; it can be observed that all the reference samples
r and rp) contained analogous amounts of CH, while in the leached
nes lower amounts were found. Moreover, it can be noticed that
ontemporarily polluted and leached samples (pl) always show
ower contents of portlandite with respect to the leached but non-
olluted samples.

.2.2. Ettringite
The amount of ettringite detected is highest in samples leached

nd polluted (pl). This might be related to the higher availability in
he pore solutions of such elements like SO4

2− and Ca2+ deriving
rom different processes like element-desorption from C–S–H [27]
nd dissolution of portlandite. No particular trends can be observed
mong the four different series.

.3. Microstructural characterization

.3.1. Macroscopic features
Digital pictures taken onto the surfaces of leached samples

lways show the presence of a rim, that is deeper for sample Dpl,
hile it is less evident for sample Bpl, Fig. 5. The depth of this

im, from the external surface, in the first case is about 0.8 mm
nd 0.4 mm in the second case; an intermediate deepness of the
im was observed for samples Apl and Cpl. According to Haga et al.
27] and Adenot and Buil [15], this rim can be directly linked to Ca2+

eaching from the surface of the monolith in contact with deionized
ater employed during the leaching test, thus representing the “CH
issolution front” of the sample [3,27]. These macroscopic pictures
onfirm what XRD and TG-DTA highlighted: almost no portlandite
an be found in sample Dpl and a higher amount of portlandite was
etected in sample Bpl. The “CH leaching front” seems to be directly

inked to the 2-CA leaching behavior of the monoliths, as explained
n Section 3.4.

.3.2. Microscopic features
SEM analysis allowed to identify the higher macroporosity of

olluted samples. This macroporosity is probably originated during
he mixing of cement and 2-CA while preparing the cement pastes.
amples belonging to series B showed a more compact matrix com-
ared to the others, while series D was the one characterized by
igher porosity and minor compactness. Fig. 6a shows some grains
f the pure organoclay before mixing with 2-CA, while large ellip-
ical organoclay grains (diameter 30–50 �m) were detected inside
he cement matrix, as shown in Fig. 6b. It was observed that these
rains were not strongly bound to the rest of the matrix, thus caus-
ng a weakness zone around the site of incorporation of the grain
nside the cement paste: it is possible to identify, in fact, a large
umber of microfractures departing from the region around the
rains of organoclay.

Fig. 6c shows an enlargement of Fig. 6b: it is possible to note
he layered clay particles constituting the inner structure of the
lliptical grains of organoclay. These particles during the adsorption
f the pollutant and the incorporation inside the cement matrix
occulate to give the observed elliptical grains. Besides organoclay
articles, it was possible to identify euhedral crystals of portlandite

rowing inside the pores and inside the cement matrix (Fig. 7a and
), crystalline ettringite, C–S–H amorphous phase and AFm phase
C4ACH11) (Fig. 8a–d).

Samples within a same series showed peculiar features since
olluted samples greatly differed from the reference ones, in par-
Fig. 10. Ettringite filling a pore in sample Dpl.

ticular considering structure and abundance of portlandite and
ettringite. It was observed that the euhedral crystals of portlandite,
growing inside the pores and noticed in the reference samples,
underwent a process of dissolution in polluted samples, mostly
evident for those samples characterized by a less compact matrix,
Fig. 9a–d. In fact, while portlandite observed in sample Bp did not
show very evident dissolution, sample Dp was characterized by
almost completely dissolved crystals of portlandite. Series C and
A highlighted an intermediate situation. The reason of such a dis-
solution is probably linked to the presence of 2-CA, which alters
the stability of portlandite inside the cement paste. Furthermore,
considering polluted and leached samples, both euhedral crystals
of portlandite and crystalline portlandite inside the matrix were
very difficult to detect, according to XRD data. In these last sam-
ples, pores were completely filled by euhedral crystals of ettringite,
instead of portlandite as observed in the other samples (Fig. 10).
It was interesting to observe that the smallest ettringite crystals
showed a particular growth since it followed the crystallization
planes of both portlandite (Fig. 11) and AFm phase C4ACH11 (Fig. 12A
and B). This observation would be in agreement with the reaction
published by Fu et al. [28]:

C4AH13 + 3SO4
2− + 2CH + 17H → C3A ◦ 3CS◦H32

where ettringite can be formed starting from an AFm phase (in
this paper C4ACH11, instead of C4AH13, which is the precursor of
C4ACH11), sulphate ion, and portlandite. Sulphate ion may derive
from desorption from C–S–H phase.

3.4. Discussion

The microstructural characterization allowed to hypothesize the
causes of the unsatisfactory leaching behavior of the monoliths.
Attention needs to be driven on the mobility of Ca2+ ion inside the
cement matrix: leached Ca2+ can derive mainly from the dissolution
of portlandite and from desorption from the amorphous C–S–H gel.
The importance of Ca2+ leaching has to be linked to the microstruc-
tural changes it might cause, especially in terms of porosity [17].
Leaching of Ca2+ causes the dissolution of portlandite, thus the
formation of a connected Lagrangian porosity, having deleterious

effects especially on long-term leaching tests [23].

Dissolution of portlandite was demonstrated by means of XRD,
SEM and TGA to be characteristic of polluted (-p) and leached (-
l) samples, and extreme dissolution was observed in samples that
were contemporarily polluted and leached (-pl). A possible reason
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Fig. 11. Ettringite replacing a portlandite crystal and growing following the crys-
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Fig. 12. Ettringite replacing a carboaluminate crystal and growing following the

high tendency to desorb elements such as Ca2+ to the surround-
allization planes of the pre-existing crystal (A). Zoom on the portlandite crystal
eplaced by ettringite (B).

f such a huge dissolution in -pl samples might be the formation
f 2-CA filled vesicles [29,30] inside the cement matrix during the
ixing of polluted fresh pastes, that could be able to agglomer-

te and float to the surface of the cement paste [29]. In addition,
t has to be considered the limited water solubility of 2-CA (about
000 mg/L) which undoubtedly favours the organic liquid phase
eparation. This way, the polluted pastes show less homogenous
atrices with respect to the non-polluted ones and, once water

ets inside the pores of the hardened monoliths, the wasteforms
an be more easily attacked by the leachant. In -pl samples, then,
H dissolution results higher probably because of the combined
ffect of 2-CA filled vesicles and deionized water, which is a par-
icularly aggressive leachant for cement pastes because of its low

ineral content [15,22]. What happens is that there might be some
ggregation of organoclay grains inside the cement pastes that may

reate zones with a large concentrations of 2-CA that, once des-
rbed, can move the equilibrium of the pore solution, thus making

t more aggressive towards hydroxides such as portlandite.
crystallization planes of the carboaluminate phase. Parts (A) and (B) show progres-
sive enlargements.

What is important to note is that there is a strong link between
the amounts of CH consumed and 2-CA released: extreme dissolu-
tion of portlandite was observed in sample Dpl (the one showing
the worst DLT behavior), while reduced dissolution was detected
for sample Bpl, having the best retention of 2-CA inside the cemen-
titious matrix. Hence, it is likely that the dissolution of portlandite
is directly connected to the leaching behavior of the different
monoliths. Though, there are a lot of factors that can influence
the leaching of 2-CA, so we can assume that CH dissolution is
just one of the parameters affecting the leaching. 2-CA, in fact,
is probably widespread inside the cement matrix, since it is not
strongly bounded to the organoclay [31], so dissolution of CH, that
is demonstrated to be able to cause an increase of the matrix poros-
ity, becomes a vital parameter to be considered during long-term
leaching tests.

The mobility of Ca2+ may have effects also on the C–S–H amor-
phous phase, that is characterized by a high sorption potential
because of its high specific surface area [32]. C–S–H gel has a
ing environment [23]. Leaching of Ca2+ from C–S–H, though, only
changes the chemical composition of the solid phase, without mod-
ifying significantly the texture of the monolith. So the mineralogical
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odification of this phase should not have relevant effects on the
eaching behavior of the monoliths prepared.

. Conclusions

The mineralogical changes, observed throughout this work,
aused microstructural modifications that worsened the long-term
eaching behavior. It was observed that the amount of dissolved
ortlandite is strongly linked to the amount of 2-CA released. As
uggested by many other authors, a main role is played by the
eaching of Ca2+ and subsequently by the dissolution of portlandite
rom the cement matrix, that in the present case was enhanced
y the leachant adopted (deionized water). Indeed, this dissolution
rocess is likely to be the cause of a widespread connected microp-
rosity; as a consequence the organic pollutant may be more easily
ransported by the pore fluids out of the monolith.

Generally solidification/stabilization technique seems to be of
ifficult application when considering organic wastes in the con-
entrations here investigated, even if a pre-sorbent agent (i.e.
rganophilic clay) is used.

Better performances may be achieved taking into accounts lower
mounts of organic waste entrapped inside the cement matrix, thus
llowing a lower content of organoclay, responsible for raising the
otal porosity of the monolith [3].
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