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This study analyzes the behaviour of waterglass- or NaOH-activated slag mortars after
carbonation. The effect of a superplasticizer based on vinyl copolymer and shrinkage reducing
polypropylenglycol derivative admixtures on that process was also examined. The same tests
were run on cement mortars for reference purposes.
The mortars were carbonated in a chamber ensuring CO2 saturation for four and eight months,
after which ages the samples were tested for mechanical strength; mercury porosimetry and
mineralogical (XRD, FTIR) and microstructural characterization (SEM/EDX) were also conducted.
The results obtained indicate that alkali-activated slag mortars were more intensely and deeply
carbonated than Portland cement mortars. Carbonation took place directly on the gel, causing
decalcification. When waterglass was the alkaline activator used, carbonation caused a loss of
cohesion in the matrix and an important increase in porosity and decrease in mechanical
strength. When a NaOH solution was used as the alkali activator, carbonation enhanced mortar
compaction and increased mechanical strength. Finally, in waterglass-activated slag mortars,
the inclusion of organic admixtures had no effect either on their behaviour after carbonation or
the nature of the reaction products. C© 2006 Springer Science + Business Media, Inc.

1. Introduction
The basic principles and initial approach to using alkali-
activated blast-furnace slag as a binder for the construction
industry were developed in 1957 by V.D. Glukhosvskii
et al. [1, 2]. These studies laid the groundwork for new
binders whose manufacture is much less energy-intensive
and more environment-friendly than the production of or-
dinary Portland cement (OPC). Indeed, the manufacturing
process benefits not only from low energy requirements,
but uses industrial waste as a raw material and drastically
reduces the emission of greenhouse gases (CO2, SO2,
NOx). It was not until the 90’s, however, that researchers
in other countries began to take an interest in such alkali-
activated slag (AAS) cement and concrete [3–8].

Today the focus is no longer on obtaining new binders,
but on developing materials with sustainably high me-
chanical strength. AAS cement can reach compression
strengths of up to 30–40 MPa at the age of 24 h, and these
values rise with time. Other authors have also proven the
chemical stability of these cements and concretes when
attacked by sulphates [9], seawater [10], chlorides [11],
acid media [12, 13], frost-thaw cycles [14, 15], high tem-
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peratures [16, 17], and so on. Such excellent performance
is due to the nature of the hydration products [18–20], and
low concrete porosity and permeability [5].

Another important consideration in connection with
concrete durability is carbonation, which can cause the de-
passivation and subsequent corrosion of reinforcing steel.
The carbonation of Portland cement concrete is a widely
studied and well understood process [21, 22]. Far fewer
studies have been conducted on AAS cement and con-
crete, however. The earliest papers were published by
Byfors et al. [23], who concluded that F-concrete (blast
furnace slag activated by a combination of alkali metal
compounds and which contains lignosulphonates) had a
higher carbonation rate than Portland cement concrete
with the same compression strength; they added, how-
ever, that with concrete covers of over 30 mm, corrosion
would not take place for the first sixty years of a structure’s
service life. Pu et al. [24] showed that there was a relation-
ship between AAS concrete strength and its carbonation
rate: they established that concrete with strengths of under
30 MPa had a high carbonation rate, those with a strength
of from 30 to 50 MPa had a medium rate and when the
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strength was over 50 MPa, the rate and degree of carbon-
ation were comparable to the values found for concrete
made with Portland cement.

Deja [25] and Bakharev et al. [26] deduced that AAS
concrete carbonated more rapidly than the respective Port-
land concrete. Yet their descriptions of the effects of such
carbonation differed substantially. While Deja concluded
an increase in the mechanical strength of carbonated mor-
tars, strength was observed to decline after carbonation in
the concrete studied by Bakharev et al. The latter authors
sustained that the mechanism involved in carbonation to
be the action of CO2 on the calcium silicate hydrated
(CSH) gel.

Moreover, the nature of the alkali activator also ap-
pears to affect the carbonation rate and intensity in
this type of mortars. Some authors [25] believe that
carbonation is shallower when a waterglass solution
(Na2O·nSiO2·mH2O + NaOH) is used as the activator,
although this is not sufficiently clear.

Unlike the foregoing researchers, Xu Bin and Pu
Xincheng [15] showed that the carbonation rate is lower
in AAS than in Portland cement pastes. These authors in-
terpreted their results on the basis of two different devel-
opments: they found, firstly, that low alkalinity hydrates
(such as a CSH gel in an AAS paste) resisted carbonation
better and vice-versa; and secondly that the carbonation
reaction in the concrete depended on the water content and
concentration of atmospheric CO2. They concluded that
given its low permeability, AAS concrete was less sus-
ceptible to penetration by water and CO2 than Portland
cement concrete.

In light of such obvious discrepancies, the aim of the
present research is to study the carbonation of different
types of AAS mortars and pastes prepared with a number
of combinations of alkali activators and organic admix-
tures. This study explains how the process progresses and
its mechanical and microstructural consequences.

2. Experimental
2.1. Materials and mortar preparation
Spanish granulated blast-furnace slag from a factory lo-
cated at Avilés, Asturias, and CEM I 42.5 Portland cement
were used in this study. The chemical composition of the
two materials is shown in Table I and their particle size
distribution is described in Table II.

The composition of the different mortars prepared is
shown in Table III. The aggregate/binder ratio of these
AAS and cement mortars was 2:1. Spanish and Euro-
pean standard UNE-EN 196-1 sand with a SiO2 (quartz)
content of over 98% was used. One of the mortars was
prepared using only Portland cement and the others were
AAS mortars. Of these AAS mortars, three were activated
with waterglass solution, with a Na2O/SiO2 ratio of 0.85,
and one was activated with NaOH solution. Of the three
waterglass-activated slag mortars, the first contained no
additives, while the others contained a vinyl co-polymer
(V) or a shrinkage-reducing admixtures (SRA). Table IV

T AB L E I Chemical composition of blast-furnace slag and cement

CEMENT SLAG (99% vitreous phase)

P.F∗ 0,78 2,02
SiO2 19.97 34,95
R.I.∗∗ 0,29 0,11
Al2O3 5,17 13,11
Fe2O3 3,85 0,69
CaO 64,41 41,37
MgO 1,30 7,12
SO3 2,64 0,04
S2− – 1,92
Na2O 0,39 0,27
K2O 0,78 0,23
CaO free 0,22 –

∗P.F. Loss on ignition; ∗∗R.I. Insoluble residue.

T AB L E I I Slag and cement particle size distribution

Particle diameter (µm)

% volume CEMENT SLAG

10.0 2.16 0.94
25.0 9.12 4.28
50.0 20.49 13.13
75.0 34.31 25.17
90.0 47.45 38.44
Specific surface

(Blaine)
360 m2/kg 325 m2/kg

T AB L E I I I Mortars prepared

Mortar Composition l/s ratio

A Cement 0.42
B Slag + Waterglass 0.58
C Slag + Waterglass + 1% SRA 0.55
D Slag + Waterglass + 1% V 0.55
E Slag + NaOH 0.50

gives some of the properties of these admixtures. The ad-
mixture was blended into the mortar with the activator
solution in dosages of 1% by mass of the slag. The liq-
uid/solid (l/s) ratio used was determined by the slump test
described in Spanish standard UNE-80-116-86.

2.2. Carbonation test
Cubic specimens (4-cm) were prepared to Spanish and
European standard UNE-EN 197-1. The waterglass-

T AB L E I V Physical and chemical properties of admixtures

Admixture V SRA

Solid content (%) 25 –
pH 6.80 10.70
Density (g/cm3) 1.14 1.00
Rotational viscosity (MPa) 24.13 26.93
Intrinsic viscosity (ml/g) 55.98 5.70
% C 34.05 57.27
Na (ppm) 38950 1.4
K (ppm) 160 n.d

n.d.: not identified.

3072



Figure 1 Carbonation front in mortar specimens after four months of exposure (see Table III for mortar identification).

activated slag specimens with and without admixtures
were de-moulded after 48 h, while the NaOH-activated
slag specimens were de-moulded after 24 h. In all cases,
the specimens were kept in a moist closet for 28 days,
whereafter they were placed in the carbonation chamber.

This carbonation chamber consisted of a closed cabi-
net where the relative humidity was kept at 43.2% with a
K2CO3 solution [28]. Some of the specimens were pro-
tected with insulation tape on all but one side. The cham-
ber was CO2-saturated by filling it with the gas twice a
day. The mortar specimens were removed after four and
eight months of exposure.

2.3. Tests conducted
The phenolphthalein test was used to measure the carbon-
ation front on the side exposed to CO2, as described in
[29].

Both carbonated and non-carbonated specimens were
tested for the following:

(a) Determination of compression strength to European
standard EN 196-1.

(b) X-ray diffraction (XRD). A Philips PW-1730
diffractometer was used. Values were recorded at 2θ in-
tervals from 5 to 60◦.

(c) Fourier transformer infrared (FTIR) spectrometry.
An ATIMATTSON, Genesis FTIR-TM spectrometer was
used. KBr pellets (1 mg of sample to 300 mg of KBr)
were prepared. Frequencies were scanned across a range
of 4000 to 400 cm−1.

(d) Hg intrusion porosimetry (MIP). A Micromeritics
9320 porosimeter was used.

(e) Scanning electron microscopy (SEM/EDX). The
equipment used comprised a JOEL 5400 microscope at-
tached to an Oxford-Link ISIS EDX microanalysis unit.

3. Results
3.1. Tests conducted on mortars
3.1.1. Depth of carbonation front
The results of treating the surface of the mortar speci-
mens carbonated for four months with phenolphthalein
are shown in Fig. 1. The mortar or concrete surface turns
magenta with this indicator when the pH of the aqueous
phase is over 9.0, but remains colourless when carbonation
lowers the pH to under that value. The data showed that
carbonation was slight in Portland cement, with the front
no deeper than 1 mm. The alkali-activated slag mortars,
on the contrary, showed much deeper and more intense
carbonation. When the activator used was a waterglass
solution, a carbonation front up to 10 mm deep was ob-
served, and the specimen was partially carbonated at even
greater depths. When NaOH was the alkali activator, how-
ever, a 1-mm, non-carbonated front was observed on the
outer edge of the specimen, followed by a 3-mm deep
carbonated front. Specimen interiors were also observed
to be partially carbonated.

The addition of the vinyl copolymer and poly-
propylenglycol derivative admixtures had no effect on the
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Figure 2 Mechanical strength during carbonation test (see Table III for mortar identification).

results for waterglass-activated slag mortars after carbon-
ation. In both cases, the partial carbonation of specimen
interiors was comparable to the results for mortars with
no admixtures.

3.1.2. Mortar mechanical strength
Fig. 2 shows mortar strength against carbonation time.

Portland cement mortars showed a 26% increase in
mechanical strength after 4 months of carbonation, com-
pared to the 28-day values; however there is no increase
in mechanical strength between four and eight months of
carbonation.

The effect of carbonation on the strength of AAS mor-
tars depended on the type of alkali activator used. In the
absence of any admixtures, the mechanical strength of
waterglass-activated slag mortars declined by 14% after
four months of carbonation; no further decline was ob-
served after eight months of exposure. The inclusion of
admixtures V and SRA had virtually no effect on the me-
chanical performance of mortar specimens subjected to
carbonation, although strength was consistently higher in
the mortars with the vinyl admixture.

The mechanical strength behaviour of NaOH-activated
slag mortars was similar to Portland cement mortars, al-
though the values were much lower in the former. The
slag mortars activated with a NaOH solution showed in-
creases in mechanical strength of up to 93% after four
months, with no change in these values between four and
eight months of carbonation.

3.1.3. X-ray diffraction (XRD)
Fig. 3 shows the various crystalline phases compounding
the slag and cement mortars before and after carbonation
process.

The diffractograms for ordinary Portland cement mor-
tars (Fig. 3a) after carbonation indicate that carbonation
was not extensive, inasmuch as large amounts of port-
landite (2θ = 18.08◦, 34.08◦ and 47.13◦) were detected
in the sample after eight months of exposure. Calcite (2θ

= 29.41◦, 39.40◦ and 43.15◦) was observed in the 28-
day, pre-carbonation samples and the diffraction lines in-
dicative of this compound grew slightly more intense as
carbonation progressed.

The diffractograms for the waterglass-activated slag
(Fig. 3b) show that calcium carbonate was present in the
form of calcite after a curing specimens for 28 days. Af-
ter four and eight months of carbonation, vaterite (2θ

= 24.86, 27.03◦ and 32.71◦) and traces of aragonite
(2θ = 26.23◦, 27.23◦ and 45.85◦) as well as natron
(Na2CO3·10H2O) were detected, in addition to calcite.
Because of its semi-crystalline nature (2θ = 7.07, 29.09,
31.96 and 49.83), the CSH gel formed was difficult to
identify with XRD techniques, although the existence of
a low intensity signal of around 2θ = 29.18◦ might be
associated with the presence of such a gel. The inclusion
of the organic admixtures (Fig. 3c and d) did not affect
the mineralogical composition of the carbonated pastes,
which was essentially the same as the mortars with no
such admixtures.

Hydrocalcite (Mg6Al2(CO3(OH)16·4H2O) was de-
tected in the pre-carbonation diffractograms for NaOH-
activated slag mortars (Fig. 3e), as well as in the car-
bonated samples. The phases found after carbonation—
calcite, aragonite, vaterite and natron — were the same
as in the waterglass-activated slag mortars. In this case, a
much smaller proportion of vaterite than of aragonite was
formed, which contrasts with the results for carbonated
waterglass-activated slag mortars. The diffraction line as-
signed to the CSH gel—2θ = 7.07◦—could be detected
at 28 days, although it progressively disappeared as car-
bonation progressed.

3.1.4. Fourier transform infrared
spectroscopy (FTIR)

The infrared spectra for the various mortars are shown
in Fig. 4. The Portland cement spectra (Fig. 4a) show
that calcite (1429 cm−1, 875 cm−1 and 710 cm−1) was
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Figure 3 Mortar diffractograms before and after carbonation (see Table III for mortar identification).
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Figure 4 Mortar infrared spectra before and after carbonation (see Table III for mortar identification).
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T AB L E V Total porosity and average pore diameter

Total porosity (%) Average pore diameter (µm)

Mortar 28 days 4 months carbonation 8 months carbonation 28 days 4 months carbonation 8 months carbonation

A 11.00 11.64 9.91 0.0125 0.0300 0.0267
B 10.25 9.36 10.33 0.0110 0.0270 0.0286
C 12.85 8.65 9.15 0.0419 0.0287 0.0449
D 10.30 10.42 9.83 0.0127 0.0433 0.0400
E 20.24 15.44 15.08 0.0870 0.0671 0.0593

present prior to the carbonation test, as a result of
mortar weathering. As carbonation advanced, the vibra-
tion band at around 3642 cm−1, corresponding to the
O–H bond in portlandite, was observed to weaken. The
Si–O vibration band, in turn, shifted slightly, from 978 to
995 cm−1, indicating the formation of a CSH gel with a
smaller Ca content.

The waterglass-activated slag spectra (Fig. 4b) show
that calcite was present in the 28-day specimens due
to surface carbonation. After four and eight months of
exposure to carbonation, a very wide band, centred on
1454 cm−1, was detected. This band is attributed to
poorly crystallized vaterite (at 1450 cm−1, 875 cm−1

and 710 cm−1) and aragonite (1483 cm−1, 1452 cm−1,
875 cm−1 and 713 cm−1), together with the initial cal-
cite. The presence of natron could not be confirmed (at
around 1460 cm−1, 1418 cm−1, 875 cm−1, 860 cm−1

and 712 cm−1), because its vibration bands and the
calcite, vaterite and aragonite bands overlap. The Si–O
vibration band shifted from 974 to 1033 cm−1 as a result
of carbonation and the important decalcification of the
CSH gel. This shift was much broader than in the Port-
land cement. Aragonite, together with the initial calcite
and possibly natron, were also observed to form in the
waterglass-activated samples that contained admixtures
(Fig. 4c and d). The inclusion of both the vinyl copolymer
and the polypropylenglycol derivative was observed to in-

crease the Si–O vibration band wave number on the pre-
carbonation spectra to 998 and 982 cm−1, respectively, up
from the values for the admixture-free samples. Nonethe-
less, after carbonation, this band shifted to 1030 cm−1,
the same value as recorded for activated slag mortars with
no admixture.

Finally, the post-carbonation spectra for the NaOH-
activated slag (Fig. 4e) showed that aragonite, vaterite
and possibly natron were present, in addition to the initial
calcite. Here also, carbonation of the CSH gel caused the
Si–O vibration band to shift to higher wave numbers, from
963 to 1030 cm−1, owing to the lower Ca content in the gel.

3.1.5. Mercury intrusion porosimetry
The pore size distribution, total porosity and average
pore diameter of the different mortars are given in
Tables V and VI.

The total porosity and average pore diameter declined
in Portland cement mortars as a result of 4 months car-
bonation. After eight months of exposure, however, the
pore diameter was found to increase. As far as pore size
distribution is concerned, the percentage of pores ranging
in size from 10 to 0.1 µm fell, while the proportion of
pores with diameters ranging from 0.1 to 0.01 µm fell
substantially.

Waterglass-activated slag mortars showed a slight de-
cline in total porosity as carbonation progressed, while

T AB L E VI Pore size distribution

Percentage (%)

Pore diameter (µm)

Mortar >200 200–100 100–10 10–1.0 1.0–0.1 0.1–0.01 <0.01

A 28 days 1.50 1.00 1.67 2.50 12.69 76.79 3.84
4 months carbonation 2.33 1.29 3.11 3.11 10.10 69.17 10.88
8 months carbonation 2.15 1.20 2.63 7.65 20.33 55.74 10.29

B 28 days 2.22 1.11 3.88 18.30 8.32 29.50 36.60
4 months carbonation 1.27 1.09 3.27 11.82 19.45 41.27 21.82
8 months carbonation 1.09 1.53 3.06 15.72 15.50 38.43 24.67

C 28 days 2.23 1.01 3.04 15.21 7.71 28.80 41.99
4 months carbonation 1.41 1.18 3.07 10.85 19.92 42.22 23.35
8 months carbonation 1.04 1.46 3.33 4.58 25.62 42.29 21.67

D 28 days 1.60 0.80 2.59 23.55 8.78 26.35 36.33
4 months carbonation 1.45 1.45 8.07 9.32 21.74 37.47 20.50
8 months carbonation 1.12 1.56 2.45 10.49 25.22 38.17 20.98

E 28 days 1.31 0.71 2.83 12.33 31.04 48.73 3.03
4 months carbonation 0.69 0.55 2.08 4.71 35.59 46.81 9.56
8 months carbonation 0.85 1.56 1.98 2.12 35.41 49.15 8.92
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Figure 5 Portland cement mortars; (a) before carbonation, (b) after 8 months of exposure to a CO2-saturated environment, (c) calcite after 8 months of
carbonation.

the average pore size increased significantly as a result
of the increase in the percentage of pores with a size of
from 1.0 to 0.01 µm and a drop in the number of pores
with diameters of under 0.01 µm. The inclusion of or-
ganic admixtures, in turn, induced a steep decrease in the
percentage of pores ranging in size from 10 to 1.0 µm.

The largest drop in total porosity and average pore size
conduct to the refinement of the structure of the paste
was observed in NaOH solution-activated slag mortars.
The figures given in Table VI show that as carbonation
advanced, the percentage of pores ranging in size from
10 to 0.1 µm fell, while the percentage of pores with
diameters of under 0.01 µm grew during the first 4 months
of carbonation.

3.1.6. Scanning electron microscopy
Microstructural studies were conducted on the various
mortars after they had been cured for 28 days and after
eight months of exposure to carbonation. The micrographs
in Figs 5–9 show significant differences in the effect of
carbonation on the different mortars.

Carbonation was observed to increase compaction and
density in Portland cement mortars (Fig. 5). Furthermore,
the pores of the matrix contained a crystal precipitate—
calcium carbonate—composed nearly exclusively of Ca.

Differences were likewise observed in the effect of car-
bonation on AAS mortars depending on the activator so-
lution used.

When the activator was waterglass, the pastes became
substantially less cohesive and more granular than at the
age of 28 days (Fig. 6b). At the same time, whitish, spongy
particles with a very low Ca content were observed in
these mortars, whose chemical composition consisted pri-
marily of Si, Al, Na and Mg. The inclusion of organic ad-
mixtures to waterglass-activated slag mortars (Figs 7 and
8) did not affect mortar performance after carbonation.

When a NaOH solution was used as the alkali activator,
carbonation increased matrix density (Fig. 9) as it did
in Portland cement mortars. Nonetheless, white particles
with a low Ca content, similar to the ones analyzed in
waterglass-activated slag mortars, were also found in the
NaOH pastes, which likewise contained a high Ca-content
crystal precipitate in the pores.
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Figure 6 Waterglass-activated slag mortars; (a) before carbonation, (b) after 8 months of exposure to a CO2-saturated environment.

Figure 7 Waterglass-activated slag mortars with a vinyl copolymer admixture; (a) before carbonation, (b) after 8 months of exposure to a CO2-saturated
environment.

4. Discussion
The carbonation front test showed that carbonation is
deeper and more intense in alkali-activated slag mortars
than in the respective Portland cement mortars. These re-
sults concur with other authors’ findings [25, 26]. The
present study also found, however, that the behaviour
of AAS mortars after carbonation depends on the type
of activator used. Further to these results, when wa-

terglass was the activator, mechanical strength declined
slightly after carbonation (by around 14%), whereas
when the activator was a NaOH solution, strength in-
creased (by over 90%), just as it did in Portland cement
mortars.

Carbonation has been more or less thoroughly de-
scribed in Portland cement mortars and concretes [21,
29]. The most soluble species in the cement paste is
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Figure 8 Waterglass-activated slag mortars with a polypropylenglycol derivative admixture; (a) before carbonation. (b) after 8 months of exposure to a
CO2-saturated environment.

Figure 9 NaOH-activated slag mortars; (a) before carbonation, (b) after 8 months of exposure to a CO2-saturated environment, (c) calcite after 8 months
of carbonation.
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portlandite or Ca(OH)2. Initially CO2 acts on this com-
pound, yielding CaCO3, primarily in the form of calcite,
according to the XRD findings (Fig. 3a). In very deep
or highly accelerated carbonation systems, CO2 may also
interact with the CSH gel in the paste, leading to its decal-
cification and increasing the length of silicate chains. Evi-
dence for this development is provided by FTIR (Fig. 4a),
in the shift observed in the Si=O vibration band associated
with the CSH gel from 978 cm−1 to higher frequencies
(∼990–995 cm−1).

The results obtained showed that carbonation is shal-
low in Portland cement mortars (barely 1 mm thick). The
precipitation of CaCO3 in the matrix as a result of carbon-
ation (Fig. 5) covered the pores and prevented more CO2

to penetrate any deeper into the mortar. This, in conjunc-
tion with ongoing hydration, yielded a denser and more
compact mortar (with a decline in average pore size), all
of which explained the increase in the mechanical strength
observed.

In AAS mortars, the results showed that carbonation
takes place directly on the CSH gel, as Bakharev [26]
concluded. This was observed in the FTIR (Fig. 4b–e)
results, and more specifically in the shift in the Si=O
band attributable to the CSH gel from 963–998 cm−1 to
frequency values of 1030 cm−1, a development indicative
of the formation of a silicate with a very low calcium
content.

This finding was observed in both waterglass and
NaOH-activated slag mortars, although its impact differed
greatly in the two cases.

Deja [25] concluded that the low total porosity and
average pore size in waterglass-activated slag concretes
increased their resistance to carbonation. In the present
study, however, CO2 penetration was found to be en-
hanced, despite the low porosity. This may be interpreted
as follows: waterglass-activated mortars and concretes
shrink considerably during the drying process [30], lead-
ing to the formation of a large number of microscopic
cracks (Fig. 6) that facilitate the entry of CO2 inside the
mortar. The interaction between the CO2 and the CSH
gel formed in these pastes generates decalcification in the
latter and the appearance of spongy white particles with
a low Ca content whose composition is primarily Si, Al,
Mg and Na (Fig. 5). Decalcification prompts a loss of
cohesion in the mortar (confirmed by SEM) and induces
larger pore sizes. This would explain the decline in chem-
ical strength, which does not appear to be mitigated by
admixtures.

Carbonation also conducted decalcification of the CSH
gel in NaOH-activated slag mortars, but in this case, as in
Portland cement mortars, the result was greater internal
cohesion with a decline in porosity and greater mechanical
strength. This differential behaviour can be attributed to
the differences in the composition and structure of the
CSH gel formed when one or the other type of activator
was used.

It is generally agreed [30, 31] that the nature of the alkali
activator determines the composition and structure of the

main reaction product in these pastes, a CSH gel. When
waterglass is the activator [20, 31], the CSH gel formed
is characterized by long silicate chains (with around eight
links), a low Ca/Si ratio of around 0.8 and high Al content
in tetrahaedral positions in the controversial tetrahedra.
When NaOH is the activator, the gel has shorter chains
(with 5–8 inks), higher Ca/Si ratios—of around 1.2—and
Al in its structure. It may be deduced that the CSH formed
in NaOH-activated slag pastes is more like the CSH gel in
Portland cement pastes. The higher Ca content of the CSH
gel in NaOH-activated slag mortars may generate greater
amounts of CaCO3 during carbonation, and this product
might precipitate into and cover the pores of the mortar.
This effect, observed under SEM (Fig. 9) studies for both
these and Portland cement mortars, may contribute to the
enhanced cohesion observed.

Further study is nonetheless required to explain these
differences in behaviour as a whole.

5. Conclusions
1. Carbonation is deeper and more intense in alkali-

activated slag than in Portland cement mortars.
2. Regardless of the type of activator used, carbonation

in activated slag mortars takes place on and decalcifies
the CSH gel.

3. Mortar properties after carbonation differ depending
on the nature of the alkali activator used.

3.1. When waterglass is the alkali activator, the
decalcification of the CSH gel prompted by car-
bonation leads to a loss of cohesion in the ma-
trix and an increase in porosity and decline in
mechanical strength.

3.2. When NaOH is the alkali activator, carbonation en-
hances mortar cohesion, possibly as a result of the
precipitation of greater amounts of calcium carbon-
ate in the pores, causing a decline in total porosity
and average pore size and consequently an increase
in mechanical strength.

4. The inclusion of vinyl copolymer and polypropy-
lenglycol derivative admixtures in waterglass-activated
slag systems has no impact either on mortar behaviour
after carbonation or on the nature of the reaction products
formed.
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