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Abstract The calorimetric measurements together with the
experiments aimed in the characterization of pore solution
and the other analyses relating to the interaction of cement
paste with sulphate and nitrate solutions of various con-
centrations are reported. These salts modify the rate of
cement hydration at early age. In the presence of sulphates,
the formation of some well-defined calcium sulphates or
calcium sulphoaluminates can be found. In case of nitrates,
there are no additional products—the nitrate compounds
are well soluble, and they do not crystallize in cement
systems. However, one can observe that the concentration
of ions in the liquid phase is modified and the properties of
hydration product are changed, as the formation of prod-
ucts from the liquid phase is disturbed.

Keywords Cement hydration - Calorimetry - Sulphates -
Nitrates - Microstructure

Introduction

Cement hydration is a heterogeneous process in which the
nearly amorphous calcium silicate hydrates are formed,
accompanied by crystalline calcium aluminosulphate phase
(ettringite—3Ca0-Al,03-3CaS04-32H,0) and calcium
hydroxide. Basic properties of cement pastes are attributed
to these calcium silicates, known as C-S-H gel. The for-
mation of hydrated phases leads to the reduction in distance
between the grains and the viscosity of paste is enhanced.

< Wiestawa Nocun-Wezelik
wiesia@agh.edu.pl

University of Science and Technology AGH, al. Mickiewicza
30, 30-059 Krakow, Poland

At the next stage of this process, the rigid skeleton struc-
ture is built and this structure reveals ability to transfer
some load [1].

When the admixtures in the form of soluble inorganic
salts are added to the process water, they affect cement
hydration, entering the complex reactions with cement
constituents, calcium silicates and calcium aluminate
(aluminoferrite). The reactions—nucleation and precipita-
tion of less or more ordered hydration products—occur first
of all in the liquid phase (pore solution) which is highly
alkaline (almost entirely this is the saturated calcium and
alkali hydroxide solution with some concentration of
anionic species). The admixtures of salts modify the rate of
cement hydration at early age and the composition of
hydration products. In the presence of sulphates, the for-
mation of well-crystallized phases—calcium sulphate
(gypsum) or calcium sulphoaluminates (ettringite-type, so-
called AFt and calcium monosulphate 3CaO-Al,O;-
CASOQO,4-(10-12)H,0—AFm phases)—is expected, as it
happens during the corrosion process [1]. Ammonium
sulphate, as in the case of ammonium salts, acts as acid
medium (because of its hydrolysis and partial evacuation of
ammonia) and leads to the decalcification of hydrating
paste [2]. Consequently, further formation of gypsum is
expected. In case of nitrates forming easily soluble com-
ponents, there are no additional products detected. In some
recent works, the formation of solid solutions between the
calcium sulphoaluminates and layered double hydroxides
corresponding to CayAl,(NO3),(OH),-4H,0, resulted
from thermodynamic modelling, was suggested [3, 4].
However, the role of C—S-H in sorbing nitrates and the
other anions has not been elucidated [3, 4]. In concrete
technology, calcium nitrate is a well-established concrete
admixture mostly used as setting accelerator. Additionally,
the compressive strength enhancement has been
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documented [5, 6]. The studies indicate the reinforcement
corrosion and carbonation process mitigation due to the
impact on hydrated material, mainly the so-called (C—S-H)
calcium silicate hydrate (nearly amorphous) microstructure
(modified distribution of porosity). The microstructure of
amorphous products and the “history” of bound water
consumption are changed in the presence of admixtures
used in the experiments.

The hydroxides and salts of alkali metals accelerate the
hydration process because of the strong interaction with
components of cements. In this case, relatively high equi-
librium concentrations of cations stimulate the dissolution
of cement phases and finally the decomposition of the main
cement constituents (calcium silicates) silicate anionic
substructure takes place. The salts of alkali as well as alkali
earth metals (calcium, potassium and sodium nitrates;
sodium, potassium thiocyanates and sodium carbonates)
are the components of commercially available accelerating
admixtures to concrete mixture. According to Taylor [1],
the accelerating effects of different anions and cations,
added in molar equivalent concentrations, on tricalcium
silicate hydration in decreasing order can be given as
follows:

Anions: Br™, CI” > SCN™ >J™ > NO;™ > ClO,~
Cations: Ca’* > Sr** > Ba®** > Li* > K* > Na™,
Cs™ > Rb*

The development of investigation techniques, particu-
larly the scanning microscopy, allows to characterize the
morphological types of nearly amorphous calcium silicate
hydrates which constitute up to 80% of paste volume.
Depending on the properties of cement, water-to-cement
ratio, time of maturing and additives/admixtures used the
following classification have been proposed: C—S—-H I with
the microstructure composed of elongated forms (fibres,
rods, needles), C—S—H II with network structure known as
honeycomb, composed of plate-like forms, C-S-H III
occurring in the form of isometric grains and the C-S-H IV
occurring as assemblages of spherical particles, corre-
sponding to the “inner” product formed inside the cement
grains and visible under the electron microscope as com-
pact gel [7]. Calcium sulphoaluminate growing from the
surface of cement grains to the space between them, soon
after mixing with water (up to 1-2 h), occurs in the form of
strong fibres; this phase is responsible for the loss of flu-
idity and further setting of paste [1].

Why do we investigate particularly the role of metal
compounds in cement hydration? They are the components
of many industrial wastes and residue from the municipal
wastes combustion process. Industrial wastes, such as slag
and fly ash, have been used for a long time as supple-
mentary raw materials in the production of cement and
concrete. On the other side, the reuse of municipal wastes
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incineration residue is a serious problem because of the
presence of some elements (e.g. Cl) and there are many
research projects focused in the municipal wastes incin-
eration residue disposal [8, 9]. Metal compounds are
immobilized (stabilized) in hydrating cement paste, due to
the physical and chemical properties of cement matrix;
therefore, a significant reduction in leaching (up to ppm
level) is guaranteed [9-12]. The gel-like C—S—H phase of
unstable chemical composition and disordered structure is
in equilibrium with alkaline pore solution and, as a con-
sequence, the precipitation of hardy soluble compounds
(mainly hydroxides) is thus promoted. This C—S—H shows,
owing to the high internal surface, very good absorbability
[10-12]. Low permeability and porosity (compact
microstructure) make the transport of toxic liquids
impossible. The replacement and incorporation of foreign
ions are promoted by numerous defects in C—S—-H struc-
ture. All the factors mentioned above are of the synergic
character [8].

Heavy metal compounds are not inert as far as the
hydration process is concerned. The studies on the effect of
heavy metal compounds on cement hydration started many
years ago and showed a considerable retardation of setting
in many cases [13-16]. Therefore, the solidification/stabi-
lization of the waste is disturbed. It relates particularly to
Pb and Zn which have strong retarding effect [14]. This
was observed and reported for the first time in sixties of
XXec. [15]. Because of the complex character of wastes
from one side and the mixtures used in solidification/sta-
bilization from the other side, the effectiveness of the
process must be experimentally verified in each case and
there is a need to study the mutual relation in some sim-
plified systems.

When the admixtures in the form of soluble inorganic
salts are added to the process water, they affect cement
hydration, because the concentrations and equilibria in the
pore solution are disturbed. This liquid phase itself is
highly alkaline (almost entirely this is the saturated cal-
cium hydroxide solution). The ionic species enter the
complex reactions with both calcium silicates and calcium
aluminate (aluminoferrite). The salts of alkali and alkali
earth metals accelerate the hydration process because of
the strong interaction with silicate components of cements
(dissolution of silicate substructure); simultaneously the
calcium ions concentration is suppressed. Some soluble
salts with the other accompanying cations, among them
the heavy metal ones, particularly those forming the
poorly soluble hydroxides, can retard the hydration sig-
nificantly. In the presence of sulphates not only the crys-
tallization of gypsum or ettringite-type phases is possible
but in case of cations formed insoluble sulphates the
crystallization of these sulphates too, resulting in serious
hydration hindering [18].
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The majority of works dedicated to the interaction
between the heavy metal compounds and cement mixtures
was focused on the determination of the so-called immo-
bilization potential of stabilizing material (through the
leaching tests) [e.g. 10, 17]. The microstructure, as one of
the factors affecting the process, was not reported fre-
quently [e.g. 17]. However, because in the presence of
various salts, the composition of the liquid phase filling the
space among the hydrating cement grains is altered, the
nucleation and precipitation of the calcium silicate hydrates
is generally disturbed. These forms are relatively poorly
shaped as compared to those formed in cement paste with
no admixtures [11, 17]. The nearly amorphous structure of
C—S—H consists, on molecular level, of two substructures:
the calcium hydroxide and silicate. In the latter one, dif-
ferent assemblages of silicon—oxygen tetrahedra are ran-
domly associated with the better ordered hydroxide-type
substructure. The foreign ions can be included in this
structure too [11, 16].

In this study, the impact of sulphates and nitrates on the
heat evolution during cement hydration was evaluated and
compared. An attempt to explain the results based on the
conductometric  measurements and  microstructural

Table 1 Composition of basic cement

CaO SiO, Al,O3 Loss on

ignition

Component Fe,0; MgO SO;

Percentage/ 66.0 23.0 4.7 24 1.2 1.2 0.1
mass%

Fig. 1 Experimental
installations for plastic
shrinkage (a) and conductivity
(b) measurements

observation takes into account the “state of the art” relat-
ing to the hydration process.

Experimental
Materials and methods

The standard Portland cement type CEM I 42 N commer-
cially available was used as a basic component of expan-
sive binders. The specific surface was approximately
3200 cm” g~ (as measured by standard Blaine method).
The chemical composition is given in Table 1. The fol-
lowing compounds of analytical purity were used to pro-
duce the process solutions: (NH4),SO4 —Alx(SOy)s,
Nast4, MgSO4, NI(NO3)2, Cd(NO3)2 and Pb(NO3)2
The microcalorimetry was applied as a basic method for
the estimation of hydration progress. The heat of hardening
was measured in a differential non-isothermal-non-adia-
batic microcalorimeter (of our own laboratory construction,
from commercially available elements, equipped with
computer-controlled registration and data refinement) on
the pastes produced from 5 g cement samples at w/c = 0.5.
The starting temperature was 25 °C. The partially
restrained expansion of hydrating samples was tested using
a special equipment of our own structure. There were the
horizontal moulds playing the role of restraining cage with
one moving endplate touching the measuring screw joined
with the computer-aided registration system (see Fig. 1a).
The measurements of electrical conductivity of hydrating
cement suspensions were taken using laboratory computer-

(b)

@ Springer



252

W. Nocun-Wezelik

Fig. 2 Heat of hardening dQ/dt10 J g h-"'

curves for cement pastes with 3 -

¢ =0.5)

e NO admixture

Al>(SOy4); admixture (w/

==2% Al5(SO,)4
e 0 05% Aly(SO,),

= =10% Al,(SO,),

Fig. 3 Heat of hardening dQ/dt10 J g h-

Time/h

curves for cement pastes with 4
MgSO, admixture (w/c = 0.5)

e |n water

ee 2%MgSO,

= 5% MgSO,

aided equipment consisting of commercially available
waterproof conductivity metre, conductivity sensor, ther-
mometer and magnetic stirrer (see Fig. 1b). Cement sus-
pensions (at w/c from 10 to 100) were doped with
admixtures (calculated by mass of cement). The phase
composition after 3-day storage in calorimeter was studied
by XRD (Philips 1050) for the pastes with admixtures
added as 5% by mass of cement (w/c = 0.5) to see the
difference between the products formed at early age. The
hydration process was stopped by grinding with acetone
and repeated washing with acetone followed by drying
with cold air. Finally, the fractured, hardened samples,
after 3-day storage in calorimeter were studied under the
scanning electron microscope (FEI NanoNova 200 with
LINK-ISIS EDS microanalyser).
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Results

The results are shown as Figs. 2-20 and in Table 2.

As it is commonly known in cement chemistry, only the
calorimetric measurements give the possibility to follow
the changes occurring in the hydrating mixture produced at
standard water-to-cement ratio in a continuous way from
the beginning of the process, without removal of water (e.g.
for the XRD or DTA studies the so-called chemical drying
should be done and the data obtained vs. time are of dis-
crete character). The heat-evolved versus time curves
reflect very precisely the progress of complex phenomena
and reactions with water, accompanying the increasing
content of hydration product. After the initial intensive heat
evolution during the first minutes (water adsorption and
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Fig. 4 Heat of hardening dQ/dt10 J g_1 h-1

curves for cement pastes with 4

Al>(SOy4); admixture (w/

c=0.5)
3 e==No admixture
5 ==2% (NH,),SO,

/’% o 5% (NH,),SO,
//. ....M.“":m

L]
0 "‘/Av aa0® d T T T T T x'—m
0 5 10 15 20 25 30 35 40
Time/h
Fig. 5 Heat of hardening dQ/dt10 J g-' h-!
curves for cement pastes with
Na,SO;4 admixture (w/c = 0.5) 4
3 e |n water
= 2% Na,SO,
2 ee 5%Na,SO,
1
O T T T T T T T
0 5 10 15 20 25 30 35 40
Time/h
Fig. 6 Heat of hardening dQ/dt10 J g h-1
curves for cement pastes with 3
2% nitrate admixtures (w/
c=0.5)
e |n water
e o o 2% Pb(NO,),
24 e 2% Ni(NOy),
= = 2% Cd(NOy),

[ ]
[ )
oo...'...
R S )
T
60 70

Time/h
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Fig. 7 Heat of hardening

. dQ/dt10J g' h-1
curves for cement pastes with

5% nitrate admixtures (w/ 8
c=05) e« In water
eee 5% Pb(NO,),
2 == 5% Cd(NOy),
== 5% Ni(NO,),
i 2
0 -
0
Time/h
Fig. 8 Conductivity of cement
suspensions processed with
Pb(NO3)2, Cd(NO3)2 and
Ni(NO3), admixtures added as
2% by mass of cement (w/
¢ = 100)
(2]
£
2
=
°©
o}
e
c
3 o -o- In water
= 2% Pb(NO;),
5 -+ 2% Ni(NO,),
== 2% Cd(NO,),
0 £ T T T T T
0 25 50 75 100 125 150

surface dissolution), the heat evolution decreases in so-
called dormant period and subsequently the heat evolution
(corresponding to the growth of hydration products)
increases steadily and a maximum is attained; the increase
in total heat-evolved values becomes very slow after
2-3 days when the layer of products is formed on cement
grains and the process is diffusion controlled [e.g. 1].
According to the standards, the values after 41 h from the
processing with water are measured and evaluated. Every
retarding admixture brings about the reduction in heat-
evolved value that increases throughout some period of
time at early age of hardening (it means even up to 2 days).
The retardation of hydration is observed particularly when
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the hydration takes place in the presence of Pb compounds
[see also 15, 18].

The calorimetric curves (Figs. 2-7) reflect well the
effects attributed to the action of sulphate, nitrate anions
and accompanying cations.

As one can see in Figs. 2-4 the heat evolution/hy-
dration process in the presence of aluminium sulphates
and ammonium and magnesium sulphates strongly
depends on the concentration of admixture. This is par-
ticularly well visible in the case of aluminium sulphate.
At 2% admixture, the shape of calorimetric curve seems
to indicate the formation of sulphoaluminate product
(sharp peak), presumably the ettringite phase. At 5% the
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i S

—o— In water

-8-2% MgSO, —4-2% (NH,),S0, —=2% Al,(SO,),

Fig. 9 Conductivity of cement 30
suspensions processed with
MgSO4, (NH4)2SO4 and
Al»(SOy4); admixtures added as 25
2% by mass of cement (w/
¢ =10) X
w 20
£
2
=
B 15
]
e
c
S
(@]
5
0 T
0 3
80

"

0
S
:>, —o— |n water -~ 2% Na,SO,
=
S 40
=]
c
S
()
20
0 T T T T T
0 3 6 9 12 15 18

Time/h

Fig. 10 Conductivity of cement suspensions processed with water
and with 2% Na,SO,4 (w/c = 10); see the scale in Fig. 8

prolonged induction period results presumably from the
precipitation of ettringite on the hydrating grains; how-
ever, after 15 h the intensive hydration is continued. At
10% the heat evolution is untypical—the low, sharp peak
corresponds presumably to the formation of thick
ettringite layer, hampering further hydration. The heat-
evolved data correspond well with these results. At
MgSO, admixture, a prolonged up to 5-h induction
period means retardation at early age (Fig. 3); one can
presume that soluble admixture brings about an initial
slow nucleation of hydration products and the

T T T

6 9 12 15 18
Time/h

crystallization of some gypsum amount is possible.
However, an intensive hydration occurs, as it has been
derived from the heat-evolved data (Table 2). At 5%
concentration the heat evolution/hydration process is
“broadened” over longer period of time and the heat
values are similar to those for reference cement paste.

Ammonium sulphate brings about the some retardation
(Fig. 4) at early age, more evident at higher concentration;
the heat-evolved data correspond well with the plots
(Table 2).

In turn, the sodium sulphate gives markedly accelerating
effect—the increase in total heat-evolved values with
concentration of admixture (from 2 to 5%) is observed and
these heat values are the highest (Table 2). There is not
heat evolution curve shape modification—only the main
heat evolution peak becomes higher and the induction
period is not shortened. It seems that the mechanism of
hydration products formation is not specially changed;
however, because of intensive dissolution of calcium sili-
cate cement component, growing with concentration the
decomposition process is more effective (Fig. 5).

A slightly accelerating effect of nickel and cadmium
nitrate is well visible at 2% concentration (Fig. 6); the
main peaks are slightly moved toward the beginning of
hydration and at later age, the heat evolution curves do not
decline specially from that for the reference. Some more
evident change of heat evolution curve is observed at 5%
concentration; however. the heat values (Table 2) are not
specially altered as compared to reference. It means that
these metals containing sludge which should be stabi-
lized/solidified will undergo “normal” setting process.
Simultaneously, it is clearly seen that the hydration process
is strongly retarded in the presence of lead compound
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Fig. 11 Shrinkage of pastes 96
produced from laboratory made
cement hydrated with 2% 95.5
Cd(NOs3),, Pb(NOs), and 95 3
Ni(NOj3), solutions (w/c = 0.5) 945
E 94
£
£ 935
2
o 93
[
?El 925
S 92 o= In water
915 - 2% Cd(NO;),
91 == 2% Pb(NO,),
905 == 2% Ni(NOj),
90 T T T T T
0 5000 10000 15000 20000 25000 30000
Time/min
Fig. 12 XRD pattern of 600 I
hydrated cement samples ]
admixtured with 5% sulphate Intensity
solutions (w/c = 0.5), after 500 CH
3-day storage in calorimeter;
abbreviations: Gy gypsum, Ett it By
ettringite, CH calcium Ett
; . . 400 Ett
hydroxide. I water; 2 Na,SOy;
3 MgSO0y; 4 (NH4),SOy;
5 AL(SO4); 5
300 -
Gy 4
200 -
3
100 - WMWWW 2
WM 1
0 T T T T T T T T T T
6 8 10 12 14 16 18 20 22 24 26 28
20

(PbNO3) irrespectively of concentration (Figs. 6 and 7;
Table 2). The so-called dormant period is extended; it
means that in these pastes the content of hydration products
is low and the renewed hydration occurs after almost 40 h.

The calorimetric data correspond well with the con-
ductivity measurements results. Of course, because of
practical reasons, the water-to-cement ratio 0, 5, as in
calorimetric studies, cannot be applied. However, because
of very low solubility of cement constituent and hydration
products (mmol dm ), the rate of liquid phase saturation
and precipitation of products does not decline markedly
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when this ratio is 0, 5; 10 or even 100, respectively. In spite
of this discrepancy, the relationships between the hydrating
samples in particular series can be indicated and the action
of admixtures can be compared. One should underline that
this method reflects the changes of concentration of ions
present in the solution versus time. It means the difference
between the dissolution and precipitation process. In neat
cement suspension, there is a sharp peak corresponding to
the supersaturation state, after which the rapid nucleation
occurs and the formation of products takes place (see
Figs. 8, 9). The same shape of conductivity curve is
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WD n
46 mm 20

Fig. 13 Microstructure of cement paste with no admixture, after
3-day storage in calorimeter—typical microstructure of ettringite
(long needles) and calcium silicate hydrates (short fibres, small
particles forming “honey-comb” structure)

WD | mag |det |spot| HFW
6.7 mm | 10 000 x| LVD| 4.0 |29.8 ym

Fig. 14 Microstructure of cement paste processed with 2% NiNOj
solution, after 3-day storage in calorimeter; see very poorly shaped,
compact C—S-H

Y WD | mag | det |spot| HFW
18.00 kV|6.4 mm [20 000 x |LVD| 4.0 |14.9 ym

Fig. 15 Microstructure of cement paste processed with 2% Cd(NO3),
solution, after 3-day storage in calorimeter; see very poorly shaped,
compact C-S-H

HV WD | mag | det|spot| HFW
18.00 kV|6.4 mm [10 000 x |LVD| 4.0 |29.8 ym

Fig. 16 Microstructure of cement paste processed with 2% Pb(NO3),
solution, after 3-day storage in calorimeter; see poorly shaped
compact C—S—H and calcium hydroxide plate-like crystals

15.00 kV| 4.7 mm 5000 x LVD 4.

Fig. 17 Microstructure of cement paste processed with 2% Al,(SOy4)s
solution, after 3-day storage in calorimeter; see well-developed
ettringite elongated crystals

observed at the presence of nitrates. In case of magnesium,
ammonium and aluminium sulphate-admixtured samples,
the lowering of conductivity, resulting from the precipita-
tion of hardly soluble sulphate salts, is significant (Fig. 9),
and there is no peak visible. The shortage of concentration
peak can be attributed to the rapid precipitation of sulphate
products. The effect of gypsum crystallization (see XRD
pattern in Fig. 12) results in similar conductivity decrease
in the ammonium and magnesium sulphate containing
suspensions. An intensive ettringite crystallization in the
presence of Al,(SO,4); (see XRD data, Fig. 12) corresponds
well to the lowest conductivity of hydrating sample
(Fig. 9). On the other side, in cement suspension enriched
with sodium sulphate, the liquid phase is rich in ions
derived both from soluble admixture and from dissolved
cement phases (see both Figs. 9, 10); there is neither
gypsum nor ettringite present in significant amount as it
can be deduced from XRD data.
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HV wD mag det |spot, HFW Sum
15.00 kV| 4.8 mm 20000 x[LVD | 4.0 |14.9 ym

Fig. 18 Microstructure of cement paste processed with 2% (NH,),
SO, solution, after 3-day storage in calorimeter; see well-developed
gypsum crystals

Mve

HV wD mag det |spot, HFW Sum
15.00 kV| 4.3 mm 20000 x[LVD | 4.0 |14.9 ym

Fig. 19 Microstructure of cement paste processed with 2% Na,SOy4
solution, after 3-day storage in calorimeter; see well-developed forms
of various hydrated products

HV WD mag det |spot| HFW
15.00 kV| 5.7 mm_40 000 x[LVD | 4.0 |7.46 ym

Fig. 20 Microstructure of cement paste processed with 2% MgSO,
solution, after 3-day storage in calorimeter; see well-developed plate-
like gypsum crystals

@ Springer

Table 2 Heat-evolved values

Liquid phase Oounl Quin/kJ kg™!
composition/concentration kJ kg™!
Water 238 263
Cd(NOs3),

2% 207 248

5% 209 260
Ni(NO3),

2% 229 267

5% 226 270
Pb(NO3),

2% 30 31 (Q72n-

208)
5% 52 53 (Q7on-
248)

Al(SOy4)3

2% 341 373

5% 161 265
MgSOy4

2% 247 371

5% 233 271
Na,SO,

2% 374 379

5% 410 411
(NH4)>S04

2% 245 335

5% 147 222

The amount of ettringite is the highest in the presence of
Al (SO4); admixture (Fig. 12) though this product is
detectable in the other hydrating samples. The formation
of this calcium sulphoaluminate phase is particularly well
illustrated by SEM images. In the sample admixtured with
aluminium sulphate (Fig. 17) and in the other samples
(Figs. 13, 18, 19), well-developed ettringite crystals
(laths, rods) are accompanied by less developed or poorly
shaped C-S-H. One can find gypsum crystals in the
pastes processed with MgSO, and (NH4),SO, solutions
(Figs. 18, 20).

In the presence of nitrates, the formation of poorly
shaped calcium silicate hydrate phase was generally
found (Figs. 14-16). This product shows various water
content; as it results from the changes of paste volume
(see Fig. 11). C-S—H reveals, as compared to the refer-
ence sample, significant plastic shrinkage in the presence
of Ni(NOs), or even slight swelling in the presence of
Cd(NOs),. One can speculate that the hardened binder
structure formed in the presence of these compounds
should be compact, more impermeable and more
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susceptible to the attack of external aggressive solutions.
The retarding effect of Pb (NOj),, very well seen on the
calorimetric curves (Figs. 6, 7), can be proved too by
shrinkage measurements—the changes of volume, as
compared to the other samples, are negligible.

Conclusions

e The rate of heat evolution during hydration (equivalent
to the hydration kinetics), as well as the composition of
hydration products and microstructure, is strongly
affected by sulphates and nitrates.

e The total heat evolution, equivalent to the progress of
hydration products formation, reflects indirectly the
kinetics of dissolution/precipitation reactions, occurring
in the liquid phase, enriched with soluble admixtures.
At low concentration (2%) Mg, ammonium, Al sul-
phate, as well Cd, Ni nitrates act as hydration
accelerators.

e The hydration process is strongly retarded in the
presence of Pb nitrate and strongly accelerated in the
presence of sodium sulphate.

e The hydration process is retarded in 5% solution of
ammonium sulphates; the retarding effect of more
concentrated nitrates is not significant.

e The high amount of needle-like ettringite is observed in
the presence of aluminium sulphate; gypsum is
observed too as a result of calcium ions reaction with
sulphate; this takes place particularly in case of
ammonium and magnesium sulphate. The formation
of gypsum or ettringite was proved by XRD.

e At the presence of metal compounds, the formation of
calcium silicate well-shaped forms is disturbed. This is
particularly evident in the presence of nickel and
cadmium nitrate. Therefore, the structure becomes
more compact and impermeable.
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