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Abstract

The objective of this work is to create a binding and stabilising matrix with sludge—cement and sludge—cement—coal fly ash. With this
purpose, studies have been made on the effects of various percentages of waste and binder and the behaviour and evolution of sludge in the
system of cement and cement—coal fly ash pastes. In these studies, evaluations were made on the setting speed, the hydration products
formed and the chemical stability by means of the pH values attained and of the types and concentrations of microorganisms and organic

compounds in the system created. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The study consists of including wastewater sewage
sludge in a building material bound with Portland cement
and guaranteeing the stabilisation and solidification of this
waste because the wastewater sewage sludge is a waste
product with toxic potential. The sewage sludge used is a
biological sludge generated by the anaerobic digestion
process that occurs during treatment of the wastewater
generated in the area of Manresa, near Barcelona. The
anaerobic digestion allows to diminish its bacteriological
activity and fermentation.

The principal characteristics of the sludge are reflected
in Table 1, they have been obtained by the use of an
elemental analyzer [1]. In the characterisation of sewage
sludge, the microbiological content and the organic com-
pound content must be taken into account. One of the
limitations that can be encountered in the system of
stabilisation/solidification of sludge with cement is the
nature and concentration of certain constituents in the
sewage matrix, such as fats, oils and carbohydrates. These
directly affect the setting and hardening process. The
microbiological content and the organic compounds ana-
lysed are shown in Tables 2 and 3 [1].
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62.
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2. Methodology

One of the variables in the preparation process of cement
and cement—coal fly ash pastes with the incorporation of
waste (sludge) is the water content of the sludge, which
alters the mix and the setting speed. The setting time in a
system, among other variables, depends on the ratio of water
to binder. In order to be able to compare the setting process
in cement pastes with different sludge contents, it is neces-
sary to define a point in common in all of them, such as
working under conditions of normal consistency [2]. The
value obtained is the amount of water necessary for each
mix of cement paste and cement—coal fly ash paste with the
addition of sludge at a given moisture level of this sludge.

2.1. Mix of the mortars prepared

For the preparation of the corresponding samples, two
types of Portland cement were used — I 35/A and I 45/A
[3] — of medium and medium—high strength, respectively
(European Standard ENV 197-1:92). The I 45/A cement
develops the setting process and the mechanical strength
with greater speed (Table 4), a fundamental issue in this
study, since sewage sludge reduces the setting speed con-
siderably due to its high organic compound and heavy
metal content.

The cement pastes were studied with variable additions of
waste, 50%, 35% and 25% sludge in the total mixture,
partially substituting the Portland cement or Portland
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Table 1

The main characteristic of the sewage sludge of Manresa

Humidity 68+2%
Loss on ignition (organic matter) 38+4%

pH 7.93+0.36
Nitrogen 2.46+0.003%
Carbon 22.27+0.08%
Hydrogen 3.46+0.02%
Sulphur 0.84+0.02%
Table 2

Organic compounds concentration in the sludge of Manresa, from dry
sample

Proteins 12.64+1.25%
Fats 3.07+£0.43%
Carbohydrates 33.87+0.105%
Relation C/N 1.12+0.06
Organic nitrogen 0.13+0.015%
Total phosphorus 0.27+0.09%
Fly 50.1+£0.6%

cement—fly ash with wet sewage sludge. In the mixing, the
added sludge induces a relatively plastic behaviour, and for
this reason, the production process consisted of: Firstly,
adding the sludge to the mixer and allowing it to homo-
genise for approximately 5 min in order to eliminate any
lumps that may have formed; secondly, adding the cement
with the mixing times indicated by the normalised method
[2]; and finally, adding the necessary water in the final stage
of the mixing. The physical evaluation of the stabilisation/
solidification system requires the process of beginning and
end of setting, a standardised test EN 196-3 [2]. The
beginning of setting is the time interval elapsed between
the end of mixing and the moment when the needle
penetrates to 4+ 1 mm from the base. The end of setting is
the time interval elapsed between the end of mixing and the
moment when the needle only penetrates to 0.5 mm in the
cement paste, leaving a slight mark in the sample. The water
contents added to the cement pastes with sludge at normal
consistency and the determinations of the beginning and end
of setting made in these pastes in different mixes are shown
in Table 7, where it is observed that the water added to the
cement paste of normal consistency decreases as the propor-
tion of sludge added to the mixture increases. The reduction
of water added to the cement pastes with greater proportion
of sludge is normal, since the waste has a high level of
moisture (70—65%). In the production process of the mortar
of normal consistency, the mixes with fly ash required more

Table 3
Microbiological content in sewage sludge Manresa in dry sample

Aerobes 111250426250 ufc/g
Enterobacteriaceas 190 +40 ufc/g

E. coli <3 nmp/g

Coliforms 12 +3 ufc/g

Fungi <10 ufc/g
Clostridium <10 ufc/g

Table 4
The setting process in I 45/A and I 35/A cement, by EN UNE 196-3
standard

Beginning setting End setting
135/A 130 min 210 min
145/A 120 min 180 min

water than in the mixes without ash. The reason was that a
batch of sludge of slightly less moisture was used, plus the
fact that “Escucha” coal fly ash tends to increase the
requirement of water for a given consistency [4,5].

Table 5 reflects the nomenclature used for each mix of 1
35/A and I 45/A cement paste and the percentage of
addition of sludge to the mixture. Table 6 shows the
nomenclature of the mixes of the sludge—cement—coal fly
ash system. Coal fly ash was added to the mortars by
substituting 5%, 10%, 15% and 25% Portland cement with
“Escucha” coal fly ash. The hydrated cement paste with
added coal fly ash were studied only with Portland I 45/A
cement. The systems studied suffer a delay in comparison
with the normal setting, and therefore an accelerate-type
additive — CaCl, — was added, at 3% of the cement
content and in a 33% solution [6].

The meaning of the initials used for the nomenclature of
these study systems is as follows:

- 145/A or 135/A: type of Portland cement.

- 50L, 35L, 25L: the percentage of wet sludge in the
mixture.

- 5CV, 10CV, 15CV and 25CV: the percentage of coal fly
ash with regard to the weight of binder.

- CL: presence of calcium chloride as an accelerate
additive, at 3% of the weight of cement.

3. Results

A total of 25 mixes of hydrated cement paste with wet
Manresa sludge were studied (Table 7), and three were used

Table 5
Cement pastes nomenclature and cement and wet sludge percentages, in
500 g of total, with and without CaCl, additive

Nomenclature Mixed

1 35/A Portland cement

25LI35A 25% wet sludge, 75% cement
35LI35A 35% wet sludge, 65% cement
SOLI35A 50% wet sludge, 50% cement

1 45/4 Portland cement

25LI45A 25% wet sludge, 75% cement
35LI45A 35% wet sludge, 65% cement
S0LI45A 50% wet sludge, 50% cement
25LCLI45A 25% wet sludge, 75% cement, 3% CaCl,
35LCLI45A 35% wet sludge, 65% cement, 3% CaCl,
SOLCLI45A 50% wet sludge, 50% cement, 3% CaCl,
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Table 6

Nomenclature of mixes of the sludge—cement—coal fly ash system and their percentages, in 500 g of total, with and without CaCl, additive
Nomenclature Mixed

25L5CV 25% wet sludge, 75% binder (95% cement and 5% fly ash)

25L10CV 25% wet sludge, 75% binder (90% cement and 10% fly ash)

25L15CV 25% wet sludge, 75% binder (85% cement and 15% fly ash)

25L25CV 25% wet sludge, 75% binder (75% cement and 25% fly ash)

35L5CV 35% wet sludge, 65% binder (95% cement and 5% fly ash)

35L10CV 35% wet sludge, 65% binder (90% cement and10% fly ash)

35L15CV 35% wet sludge, 65% binder (85% cement and 15% fly ash)

35L25CV 35% wet sludge, 65% binder (75% cement and 25% fly ash)
25L5CV-CL 25% wet sludge, 75% binder (95% cement and 5% fly ash), 3% CaCl,
25L10CV-CL 25% wet sludge, 75% binder (90% cement and 10% fly ash), 3% CaCl,
25L15CV-CL 25% wet sludge, 75% binder (85% cement and 15% fly ash), 3% CaCl,
25L25CV-CL 25% wet sludge, 75% binder (75% cement and 25% fly ash), 3% CaCl,
35L5CV-CL 35% wet sludge, 65% binder (95% cement and 5% fly ash), 3% CaCl,
35L10CV-CL 35% wet sludge, 65% binder (90% cement and 10% fly ash), 3% CaCl,
35L15CV-CL 35% wet sludge, 65% binder (85% cement and 15% fly ash), 3% CaCl,
35L25CV-CL 35% wet sludge, 65% binder (75% cement and 25% fly ash), 3% CaCl,

as references, two with Portland 1 45/A cement, with and
without addition of coal fly ash at 25% of the mixture, and
the third with only I 35/A cement (Table 8). During the
setting process, the samples are maintained in a humidity
chamber at ambient temperature and with a relative humid-
ity >95% [2].

Table 7

The results of the setting time (Table 7) show that the
greater the quantity of sludge, the greater the delay of the
beginning and end of setting, with an improved delay time
in the mixes with additions of CaCl,. Obviously, the times
of these mixtures do not fulfil the limits established in the
UNE 83-454 standard, in which for additions of coal fly ash,

Water content in cement pastes with sewage sludge of Manresa, these cement pastes are to normal consistency

Setting process

Nomenclature cement pastes Beginning setting (h)

End setting (h) Normal consistency H,O (g)*

25LI35A 245+1.5
35LI35A 44+£2
S0LI35A 80+0
25LI45A 15+£0
35LI45A 20+0
S0LI45A 80+0
25LCLI45A 3.5+0
35LCLI45A 7.75+2.25
S0LCLI45A 40.5+£0
25L5CV 22+0
25L10CV 24750
25L15CV 23+0
25L25CV 2740
35L5CV 22+2
35L10CV 34+0
35L15CV 31+2
35L25CV 3842
25L5CV-CL 8+0
25L10CV-CL 9+0
25L15CV-CL 9.5+0
25L25CV-CL 12.20+£0
35L5CV-CL 11+0
35L10CV-CL 11.35+0
35L15CV-CL 12+0
35L25CV-CL 18+2

40+0 84.0

53+1 47.0
14440 0.0

23+2 94.5

30+0 45.0
144+0 3.0

630 71.70 g+22.80 g solution of CaCl,
23+1 25.20 g+19.80 g solution of CaCl,
50+0 15.20 g in the solution of CaCl,
30+0 104.0

31+0 105.0

34+0 102.0

40+0 95

50+0 88

53+0 79

44+2 106

47+0 70.0

12+0 95 g+21.70 g solution of CaCl,
13+0 100 g+20.55 g solution of CaCl,
13+0 80 g+19.41 g solution of CaCl,

23.20+0 75 g+17.11 g solution of CaCl,

19+0 68 g+ 18.80 g solution of CaCl,
2140 68 g+17.8 g solution of CaCl,
22+0 76 g+16.82 g solution of CaCl,
32+0 65 g+ 14.82 g solution of CaCl,

Results of beginning and end of setting process this cement pastes.

? The amount of water is the water added to the mix without counting the water contained in the sludge. The sludge humidity was 68%.
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Table 8
Water content in cement pastes without sewage sludge of Manresa (cement
pastes reference), these cement pastes are to normal consistency

Table 9
Results of speed setting process with sludge inclusion to 35% and with
different percentage of the CaCl, additive

Setting process

Nomenclature Beginning End Normal consistency
cement pastes setting(h) setting (h) H,0 (g)

135/A 2.10 3.30 140

145/A 2 3.05 143

1 45/A-25CV 2.30 4 146

Results of beginning and end setting process.

the maximum time of end of setting is 12 h [7]. In none of
the mixes tested did a false setting occur.

3.1. Addition of CaCl,

The inclusion of sewage sludge in the cement paste
affects the setting speed (Table 7). For this reason, it is
recommended, depending on the applications, to add an
accelerate additive such as CaCl,. The ideal percentage of
this additive is 3% of the weight of cement in a 33%
solution [6]. To determine the effectiveness of the additive,
tests were performed on various percentages of CaCl, in the
cement pastes at normal consistency with inclusion of
sewage sludge at 35% of the mixture. The percentages
tested of CaCl, were 3%, 2% and 1% of the weight of the
cement. The three mixes were in a water solution at 33%
(see Fig. 1).

Table 9 shows the results of the beginning and end of
setting with the various mixes of the additive. Comparing
Table 7 with Table 9, it is observed that the hydrated cement
paste with 1% CaCl, has almost the same setting speed, as if
it had no additive. As a result, the additive is effective
between 3% and 2%, with maximum effectiveness at 3%.

35

30 A

25
20 -
15
10 -
5
0 ‘ r

Setting process (h)

35LI145A-3% 35L145A-2% 35LI45A-1%  35LI45A-
additive additive additive without
additive

Fig. 1. The percentages tested on CaCl,, 3%, 2% and 1% of the weight of
cement, and their setting speed. All cement pastes have 35% of the total
weight of sludge.

Setting process

Nomenclature cement pastes Beginning setting (h) End setting (h)

35L145A-3% CaCl, 5+0 2340
35LI45A-2% CaCl, 6+0 28.25+0
35LI45A—-1% CaCl, 6+0 31.5+1

3.2. Hydration products

In order to determine the influence of the sludge on the
hydration, a study was carried out by diffraction of X-rays
on the hydration products formed in the sludge—cement and
sludge—cement—coal fly ash systems. The objective of this
is to monitor the hydration of the different mortars tested by
means of the qualitative observation of the different phases
formed during hydration [8].

The samples analysed with the substitutions of cement
with sludge are the same as for the study of the cement
paste of normal consistency and beginning and end of
setting. The hydrated cement pastes were studied at differ-
ent hydration times, including the final moment of the
setting of the paste (which is different in each mix of paste,
and that taken as the starting point) and at 3, 5, 7, 14 and 28
days from the end of setting.

The samples, which were not analysed by X-ray diffrac-
tion in the corresponding time, were previously submerged
in acetone for approximately 45 s and subsequently in
ethanol in order to halt the hydration process of the samples.

The phases, which are determined in the different sam-
ples tested, are, on the one hand, the anhydrides of the
Portland cement (tricalcium silicate, bicalcium silicate,
tricalcium aluminate, tetracalcium ferric aluminate and gyp-
sum), the hydrates, including portlandite, ettringite, mono-
sulphoaluminate and a carboaluminate of calcium. On the
other hand, the crystal-forming phases of the Manresa
sludge (quartz, calcite, dolomite and a small amount of
mica in the form of moscovite) and of the coal fly ash in the
samples that contain them. The interpretation of the dif-
fractograms is rather complex, taking into account the
number of existing phases and the low crystallinity of
certain forming compounds of the cement pastes.

The hydration products of the different pastes of normal
consistency prepared with sewage sludge in the cement and
cement—fly ash systems are the same as those obtained in
the standard cement pastes without inclusion of waste. The
only difference is the presence of hydrated calcium carboa-
luminate in the samples containing sludge (see Fig. 2).

3.3. Evaluation of pH in the hydrated cement pastes
To determine the alkalinity of the system created, an

evaluation was made on the pH of all of the mixes tested
according to standard UNE 83.227-86 [9]. The pH was
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< 5951
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Fig. 2. Result of X-ray diffraction by cement pastes with the inclusion of 35% wet sludge in the mixture, to 28 days.

determined for the 27 mixes of paste of normal consistency
at 28 days from the end of setting (Table 10). Table 11
shows the pH values at different hydration times, end of
setting, 3, 5, 7, 14 and 28 days, in two cement pastes of
normal consistency with 35% sludge in the mixture, but
with two types of Portland cements, one with I 35/A and the
other with I 45/A. A slight reduction in the pH value was
observed in the samples to which calcium chloride was
added, as Kurczyk and Schwiete observed in his works [10].

3.4. Microbiological and organic compounds evaluation in
the sludge—cement system

Sewage sludge contain microorganisms and a high
organic compound content that can affect the setting process

Table 10
Values of pH for normal consistency pastes, to 28 days of the end setting
process

Cement pastes “pH” Cement pastes “pH”
145/A 12.6+0 25L25CV 12.60+0.09
25LI35A 1240 35L5CV 12.64+0
35LI35A 12.61+0 35L10CV 12.60+0.15
50LI35A 12.73+0 35L15CV 12.75+0
25LI45A 12.76 £0 35L25CV 12.62+0.15
35LI45A 12.77+0.025 25L5CV-CL 12.47+0.015
50LI45A 12.78+0 25L10CV-CL 12.44+0
25LCLI45A 12.56+0.16 25L15CV-CL 12.36+0.04
35LCLI45A 12.69+0.06 25L25CV-CL 12.24+0.14
SOLCLI45A 12.56+0.18 35L5CV-CL 12.55+0.02
25L5CV 12.60+£0.015 35L10CV-CL 12.48+0.05
25L10CV 12.63+0.03 35L15CV-CL 12.40+0.09
25L15CV 12.52+0 35L25CV-CL 12.40+0.10

and the stabilisation/solidification of the system created: For
this reason, it is advisable to evaluate these in the hydrated
cement pastes with the addition of this waste.

The study was performed on two types of pastes with
Portland cement, one with 35% and the other with 25%
sewage sludge in the mixture and at different times, at 28
days and at one-and-a-half years from the end of setting.
The results are shown in Tables 12 and 13. A notable
decrease is observed in certain organic compounds, and
zero microbiological activity as well.

4. Conclusions on the sludge stabilisation/
solidification system

(1) The greater the quantity of sludge added to the
mixture, the greater the delay of the beginning and end of
setting. The hydration speed was improved substantially
with the accelerate additive, CaCl,, in all of the mixes

Table 11

Comparative values of pH between two cement pastes to normal
consistency, with a 35% of sludge and cement Portland I 35/A and 1 45/
A, in different times of setting process

Values of “pH”

Time Sample — 35LI45A Sample — 35LI35A
End setting 13.03 12.90
3 Days 12.86 12.88
5 Days 1291 12.80
7 Days 12.80 12.78
14 Days 12.70 12.73

28 Days 12.60 12.61
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Table 12

Organic compounds concentration in the sludge of Manresa, from dry
sample and in cement pastes with inclusion of sludge, to 28 days and one-
and-half years old

Cement pastes with inclusion of sludge

35% Sludge 25% Sludge

Organic 28 1172 28 112
compounds In sludge Days Years Days Years
Proteins 12.64£1.25% 037%  0.76%  038%  0.92%
Fats 3.07+0.43%  0.49%  0.61%  0.44%  0.70%
Carbohydrates  33.87+0.105% 28.86% 28.37% 29.73% 22.64%
Relation C/N 1.12+0.06 2.01 2.02 1.94 1.80
Organic nitrogen 0.13+£0.015% 0.01%  0.01%  0.01%  0.01%
Phosphates 0.26+0.09 0.33%  0.34% 031%  0.37%
Fly 50.1+0.6 70.06% 69.95% 69.39% 75.29%

tested. The maximum and optimal mix of additive, CaCls,,
is 3% of the weight of cement at 33% of the solution
added. Two percent of CaCl, accelerates the process but
with less effectiveness, and 1% CaCl, does not improve
the setting process.

(2) The 25 mixes tested all attain setting in time, with no
false setting occurring in any case.

(3) There is a notable improvement in the setting speed in
the mixes with Portland cement I 45/A (medium-—high
strength) in comparison with that of the Portland cement I
35/A (medium strength).

(4) In the sludge—cement system, the percentages of
sludge added to the total mixture were 50%, 35% and
25%. Fifty percent sludge without additive shows exces-
sively high setting times, 144 h (6 days), for some applica-
tions of the material, for example, in civil engineering. The
cement paste with 50% sludge with accelerate additive and
Portland cement 145/A, referred to here as 50LCLI45A,
presents an acceptable setting time of the order of 50 h. It
depends on the possible application in construction. The
setting speed of this system improves substantially with the
addition of CaCl,.

(5) The addition of coal fly ash in substitution of the
Portland cement in the pastes increases the setting time,
which in turn increases proportionally with the percentage
of addition added. The time improves substantially if the
accelerate additive CaCl, is added to these cement pastes.

Table 13

S. Valls, E. Vazquez / Cement and Concrete Research 30 (2000) 1671-1678

The increase in the setting speed with the addition of
CaCl, is inversely proportional to the percentage of ash in
the mixture.

(6) The cement pastes with 25% sludge in the mixture
and 5%, 10%, 15% and 25% “Escucha” coal fly ash
without CaCl, also present acceptable setting times. In
contrast, in the cement pastes with 35% sludge and also
with 5%, 10%, 15% and 25% coal fly ash, the setting time
increases considerably.

(7) The hydrates formed in all of the cement pastes with
sludge are the same as those formed in pastes without it,
with the exception of the formation of hydrated calcium
carboaluminate due to the carbonation of calcium mono-
sulphoaluminate in a porous system. In the mixes of cement
pastes with greater mass of sludge, the calcium carboalu-
minate appears earlier, due to its higher proportion of pores
in the system.

(8) The hydrates of the Portland cement formed, parti-
cularly the calcium hydroxide, guarantee a high alkalinity of
the system, creating a buffer effect. No variation of pH is
observed between the cement pastes with and without
addition of coal fly ash: they are totally alkaline systems.
A slight reduction is observed in the pH value in the
samples with the additive CaCl,.

(9) The alkalinity of the medium favours the neutralisa-
tion and decomposition of the microorganisms and organic
compounds contained in sewage sludge, guaranteeing the
stability and solidification of the system. The proteins, fats
and organic nitrogen decompose; in contrast, the carbohy-
drates decrease slightly. The microorganisms content also
decreases appreciably, particularly aerobes, Enterobacteria-
ceae and coliforms.

(10) Therefore, we can conclude that Porltand cement is
a good agent for sewage sludge solidification.

5. Discussion

The physical inerting of sewage sludge in a cement
matrix of Portland cement is possible. The mixture produces
a hard and resistant system due to the formation of the
hydration products of the cement. The delay of the process
is offset by the addition of an accelerator such as calcium

Microbiological content in sludge of Manresa, from dry sample and in cement pastes with inclusion of sludge, to 28 days and one-and-half years old

Cement pastes with inclusion of sludge

35% Sludge

25% Sludge

Microbiological In sludge 28 Days 1 1/2 Years 28 Days 1 1/2 Years
Aerobios 111250426250 ufc/g 100 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g
Enterobacteriaceas 190+40 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g
E. coli <3 nmp/g <3 nmp/g <3 nmp/g <3 nmp/g <3 nmp/g
Coliforms 1243 ufc/g <3 ufc/g <3 ufc/g <3 ufc/g <3 ufc/g

Fungi <10 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g
Clostridium <10 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g <10 ufc/g
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chloride. This additive favours the hydration reaction,
increasing the surface area and altering the morphological
characteristics of the hydrates formed [11].

The substitution of cement for coal fly ash in the
solidification/stabilisation system reduces the setting speed
and the hardening in the short term, but its usefulness
resides in its providing more economic inerting.

The differences between the cement pastes made with I
35/A cement and 1 45/A cement lie not in the composition
but in the reaction speed and the concentration of the
hydrates formed. The Portland I 45/A cement, due to
having a smaller grain size (greater specific surface area),
presents a larger amount of anhydride for reaction, which in
turn entails a greater reaction speed, with a larger amount
of ettringite and portlandite forming in the first days of
hydration. Consequently, the monosulphoaluminate and
hydrated calcium carboaluminate are formed earlier. This
aspect is particularly accentuated in the first seven days
from the end of setting. The hydrated calcium carboalumi-
nate is formed in both the sludge—Portland 1 35/A cement
paste and the sludge—Portland I 45/A cement paste.
Another difference between the two types of cement is that
the gypsum takes longer to react in cement pastes with I
35/A cement, the reason being the larger grain size of the
anhydrides in this cement, with which the C3A reacts more
slowly to form ettringite.

The formation of the hydrated calcium carboaluminate in
the pastes with the inclusion of wet sludge is due, according
to Taylor [12], to the fact that in the first phases of the
hydration in a porous system, the calcium monosulphoalu-
minate, C4ASH;,, reacts with the environmental CO; ~ 2 to
form hydrated calcium carboaluminate, C4,ACH;,. If,
instead of reacting with the calcium monosulphoaluminate,
the environmental CO; ~ * reacts with the calcium hydro-
xide, it is transformed into ettringite, CcAS;Hs3,. The reac-
tions are expressed in Eq. (1).

CsA CHp,

CO;?
AF,fases —®C4A SHyp,
S04
CsA S3;Hx

(M

The pH values show a high degree of alkalinity of the
material prepared in all of the mixes tested with and without
coal fly ash, guaranteeing chemical, microbiological and
organic stability. The pH has a clear influence on the
leachable potential of the forming constituents [1,13], con-
trolling the solubility of the different chemical species [14—
16] and destroying, in turn, certain organic components and

bacteriological activity. There are no great differences in the
pH value between the different mixes of cement pastes with
sludge—cement and sludge—cement—fly ash tested in time,
nor with the two types of Portland cements, 145/A and 135/
A. The hydrated cement paste is a highly alkaline system
that exerts a buffer effect due to the formation of calcium
hydroxide [1].

In the stabilisation/solidification system with Portland
cement, the majority of the organic compounds show a clear
tendency to disappear. The alkalinity of the medium neu-
tralises and decomposes proteins, fats and organic nitrogen.
The alkalinity of the inerting system not only favours the
neutralisation and decrease of the organic compounds, but it
also appreciably neutralises the microorganism content
(aerobes, Enterobacteriaceae and coliforms).
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