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Abstract The purpose of this study was to evaluate
the possibility of using ground waste-expanded perlite
(WP) as a sustainable replacement for ground gran-
ulated blast-furnace slag (GGBFS) precursor in alkali-
activated systems. The nature and amount of hydration
products, microstructure, and compressive strength
development were investigated in mixtures where
GGBFS was substituted with 10, 20 and 40% by
weight of WP and activated by two alkali activators:
sodium carbonate and sodium hydroxide. The results
show that WP can be successfully used as a partial
replacement for GGBFS in alkali-activated materials.
Activation by the Na,COj; solution was more prof-
itable in terms of compressive strength than NaOH, as
well as the amount of water bound in the hydration
products was higher. Substitution of GGBFS with 20
wt.% of WP activated with sodium carbonate resulted
in a compressive strength of 93 MPa at 90 days of
hydration while for the equivalent sample activated by
sodium hydroxide, 29 MPa. Further incorporation of
WP into Na,CO; activated systems resulted in a
reduction in performance development, especially at
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the early age. In addition to C—S—H, hydrotalcite, and
three different types of carbonates in the samples
activated by NaOH solution, a rich in sodium C(-N)-
S—H was found.
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1 Introduction

Portland cement is the most widely used material for
concrete production. Its annual manufacturing is
approximately 4200 Mt, generating about 8% of total
CO, [1]. Due to environmental anxiety about CO,
emission, many different “alternative binders” are
offered to partially replace ordinary Portland cement
(OPC) [2]. Among others, alkali-activated materials
(AAMs) are the most renowned. The AAMs based on
ground granulated blast-furnace slag (GGBFS) as a
precursor represent a vast majority, which is econom-
ically and environmentally supported. Production of 1
ton of GGBFS consumes 1300 MJ of energy while
producing only 0.07 ton of CO,. However, one should
consider that a large proportion of good quality
GGBFS and other traditional supplementary cemen-
titious materials (SCMs) are already fully used in the
construction industry sector. Therefore, new solutions
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adapting novel, sustainable
invaluable.

The use of expanded perlite as construction mate-
rial is primarily determined by its physical properties.
The cellular microstructure created as a result of rapid
heating of Si-Al volcanic rock (perlite) rich in alkalis
and approximately 5% of entrapped water induce low
bulk density and high porosity. Therefore, its main
application route is material for thermal insulation
with high thermal [3-5], noise [6] and fire resistance
[7] properties. It can be used as a total or partial
replacement of natural aggregates (fine or coarse) in
concretes, giving lightweight concretes and con-
cretes/mortars with reduced densities [3, 4, 8, 9]. More
recently, expanded perlite was used to decrease the
thermal conductivity of calcium sulfo-aluminate-
based mortars [10].

The production and processing of expanded perlite
results in the generation of waste dust, mixed with the
residual of uncrushed, cellular expanded perlite. The
perlite expansion line is equipped with a cyclones and
filters where expanded waste perlite (WP) is collected.
Similarly to expanded perlite, perlite waste (WP) is
characterized by a high surface area and extremally
low bulk density therefore it is challenging to either
dispose or store; the chemical and phase composition
remains unchanged as well. The processed perlite
waste was previously used in autoclaved aerated
concrete [11], as a supplementary cementitious mate-
rial [12-15] as well as a Type II mineral additive to
concrete according to the EN 206 standard [16] that
shows high pozzolanic properties. High pozzolanic
activity results in refinement of capillary porosity,
therefore, observed compressive strengths exceed the
reference samples without WP addition already
beyond 7 days of curing, and the durability is
enhanced as well.

Alkali activation is a process of primarily dissolu-
tion of the precursor, e.g. GGBFS, at a high pH
provided by the alkaline activator followed by
condensation reaction and exchange of dissolved
species to form the main binding phase C(-N)-A-S—
H and other phases depending on the activator used
[17-23]. Among the many alkali activators [24] the
most attention is focused on sodium hydroxide and
sodium silicate with a different ratio of SiO,/Na,O for
the activation of GGBFS [17, 20-22, 24, 25]. Sodium
carbonate is less common, mainly due to frequently
reported extended setting times compared to other

by-products  are

sodium hydroxide or sodium silicate [19, 25, 26].
However, recent research shows that the fast setting is
dependent on the chemical composition and fineness
of GGBFS [27-30]. In addition, the sodium carbonate
activator is less expensive, more environmentally
friendly and is considered easier and safer to operate
due to the lower pH value when dissolved in water
compared to the widely used activators [31-33].

While the most of the studies on WP focus on
employing WP in a traditional cementitious composite
exploring mainly hydration (pozzolanic activity),
mechanical performance and ecological aspects of
using waste material, there is very little data concern-
ing alkali activation in GGBFS-WP systems. Most of
the studies conducted so far concentrate on activation
by using water glass or combination of NaOH and
waterglass. Research has shown [34] that the substi-
tution of GGBFS by 10, 30 and 50 vol. % of perlite
activated waste activated by a mixture of sodium
silicate with a NaOH solution results in at most a 16%
decrease in compressive strength compared to the
reference sample without the addition of perlite,
however, the strength at 28 days reaches the level of
45-65 MPa, which proves its suitability and applica-
bility as a binder. Moreover, less heat was released,
limiting the risk of cracking observed in pure alkali
activated slag [35].

The main objective of the presented research is
upper limit utilization of the waste expanded perlite in
the material that can develop mechanical strength and
performance comparable to Portland cement, is cost-
effective and has low-environmental footprint e.g. in
alkali-activated slag. Moreover the GGBFS-WP sys-
tem gives possibilities to further explore the effect of
GGBFS substitution by waste WP in highly alkaline
environment provided by NaOH and Na,COj; solu-
tions which are employed for the first time in such
binders. Substitution level of GGBFS by WP increases
systematically by 10, 20 and 40 wt.% to on the one
hand utilize maximum level of WP while keeping
GGBFS-WP binder (not vice versa) and on the other
hand to check in which point the final material retains
its positive qualities. The compressive strength of
GGBFS-WP pastes is analyzed at the curing ages of 1,
3,7, 14, 28, 56 and 90 days and the reaction products
are characterized using X-ray diffraction (XRD),
thermogravimetry analysis (TGA) and Fourier-trans-
form infrared spectroscopy (FT-IR). The amount of
water bound in hydration products is calculated from
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TGA results and microstructure accessed from scan-
ning electron microscope (SEM) images.

2 Materials and sample preparation

As primary row material, a ground granulated blast-
furnace slag (GGBFS) and ground waste-expanded
perlite, hereafter named waste perlite (WP), with the
chemical composition given in Table 1 were used. The
slag is characterized by a relatively low content of
AlL,O3 and MgO. Its specific gravity is 2800 kg/m’
with a Blaine fineness of 520 m*/kg. The WP is an
amorphous component consisting mainly of SiO, and
AlL,O3 (SiO, + ALO; = 88.7 wt.%), and alkalis (~
Na,Oq = 6.1). It is characterized by a low bulk
density (200 kg/m3 ) due to its cellular microstructure.
Therefore, before use, the WP was pelletized by pre-
pressing in steel cylinders of 20 mm diameter with
200 kN force. The pellets were subsequently ground in
a laboratory ball mill for 2 h to improve its physical
properties and increase bulk density. As a result, a

Table 1 Chemical composition (XRF, wt.%) of the GGBFS
and WP

Chemical composition (wt.%)

GGBFS WP
CaO 42.36 0.5
SiO, 38.02 76.2
Al O3 7.02 12.5
Fe,03 0.87 1.3
MgO 6.87 0.7
MnO 0.45 -
Na,O 0.77 3.1
K,0 0.48 4.5
SO; 1.21 -
P,05 1.06 -
TiO, 0.39 0.35
"NazOeq 1.1 6.1
LOI (1050 °C) 0.18 0.6
Sum 99.68 99.80
Specific density [g/cm’] 2.8 2.4
d;o [um] 1.6 0.8
dso [um] 11 6
dgo [pm] 40 20

*NaZOeq = NaZO + 0,658 Kzo

finely ground material was achieved. Some physical
parameters of GGBFS and WP are given in Table 1.
Two types of reagent-grade activators were used:
sodium carbonate (C) and sodium hydroxide (N). 5%
of each activator relative to the mass of the slag to give
a final Na,O content of 2.9 and 3.9 sodium carbonate
and sodium hydroxide, respectively.

To examine the influence of perlite on sodium
carbonate and sodium hydroxide activated slag, 10, 20
and 40 wt.% of the GGBFS were replaced by WP. The
reference sample was pure alkali-activated slag.
Before preparing the pastes dry components (GGBFS
and WP) were homogenized for 2 h in plastic
containers with five rubber stoppers of different size.
To prepare paste samples, the appropriate amount of
sodium carbonate and sodium hydroxide was dis-
solved in distilled water prior to mixing in order to
obtain a homogenous distribution. The quantity of
water necessary to make the pastes was experimen-
tally determined during preliminary prism-forming
tests. All pastes showed similar consistency at the
water to binder ratio (w/b) of 0.5. The composition of
the prepared GGBFS and GGBFS-WP mixes is
presented in Table 2. The reference samples are
designated by the kind of alkali-activator used to the
GGBEFS (C — Na,CO3, N — NaOH) and the amount of
WP that replace GGBFS is marked as 10WP, 20WP,
40WP therefore e.g. CIOWP is the sample of GGBFS
with 10 wt.% of WP activated by Na,COs;.

3 Methods

The samples required for XRD, TGA and FT-IR were
thoroughly mixed with a hand mixer for 2 min and
placed in plastic vials. For XRD, TGA, and FT-IR
measurements after designated time (7, 28 and
56 days) a piece of the sample was cut, ground in
agate mortar, sieve through 63 pm and dried in a
vacuum desiccator over silica gel until a constant
weight was achieved (changes of mass are less than
0.1% of the sample per day).

XRD was performed on the Philips X Pert X-ray
difractometer system and CuKo radiation
(o0 = 1.54 A). The samples were scanned in an angular
range of 3—60° with a steep size of 0.05° and a time per
step of 2 s.

TGA was obtained in approximately 90 mg of the
powder sample using a corundum crucible and
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Table 2 Mix design (wt.%) Compound  C

C10WP

C20WP  C40WP N NIOWP  N20WP  N40WP

GGBFS 100 90

WP - 10
w/b = 0.5

80 60 100 90 80 60
20 40 - 10 20 40

analyzed with STA 449F3 Jupiter by Netzsch. The
tests were carried out in a temperature range of 30 to
1000 °C at 10 °C/min in a helium atmosphere with a
gas flow of 20 ml/min. The amount of bound water
(%BW) is calculated according to the equation
%BW = ((m75 — mys0)/mysg) 100 where m is desig-
nated to the mass of the sample at 75 °C and 450 °C
respectively.

FT-IR was conducted in the mid-infrared range
(4000-400 cmfl) on a Bruker Optics-Vertex70V
spectrometer. The tests were performed with the
transmission technique using standard KBr pellets.
Spectra were recorded with a resolution of 4 cm ™' and
256 scans.

For SEM investigations, a piece of the fresh sample
at 56 days of hydration was coated with a carbon layer.
The topography of the sample was examined at a
magnification of 10 000 x to 20 000 x using FEI
Nova NanoSem 200 scanning electron microscopy.

For compressive strength experiments, alkali acti-
vated GGBFS and GGBFS-WP pastes prepared
according to the same methodology as for XRD,
TGA, FT-IR and SEM were casted in 25 mm x 25
mm x 100 mm prisms. Curing of the sample and
compressive strength tests were performed according
to the PN-EN 196-1 however with lower loading rate
0.5 kN/s. After 24 h, the samples were demolded and
cured in water at 20 & 1 °C. The compressive
strength was determined after 1, 3, 7, 14, 28, 56 and
90 days of hydration. Each testing age was performed
on 6 prisms.

4 Results and discussion

4.1 Raw materials

4.1.1 XRD and SEM

Both GGBFS and WP are entirely amorphous, as no
peaks are observed on the diffractograms in Fig. 1. An

observed maximum of diffuse scattering characterizes
the short-range order of the materials. The clear

GGBFS

L e e S e B L B S

10 15 20 25 30 35 40 45 50
20 (°)

Fig. 1 XRD scans of GGBFS and WP

change in the ’hump’ between GGBFS and WP is
related to their chemical composition [36], more
specifically, the high silica content in WP induces a
’hump’ at lower angle (maximum at 23 20), as the
ratio of CaO/SiO, increases in GGBFS the "hump’
moves to higher angle (maximum at 31 20). The
microstructure of WP before and after grinding is
presented in Fig. 2.

4.2 Alkali activated pastes
4.2.1 XRD

The results of samples with 20% WP activated by
Na,CO; (Fig. 3a) show reflection of the C-S—H phase,
hydrotalcite (Mg-containing LDH phase) and three
types of carbonates: two polymorphs of CaCO; —
vaterite and calcite and hydrated double salt —
gaylussite (Na,Ca(COs3),#5H,0). Carbonate forma-
tion at the early time of hydration (7 days) may
suggest a preferential reaction of dissolved CO5>~ and
calcium derived from dissolved slag [19]. Vaterite and
calcite visible at later ages may also occur due to
carbonation of the sample. For the samples activated
by NaOH solution (Fig. 3b) XRD results reveal the
presence of rich sodium C(-N)-S-H (7 20) in
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Fig. 3 Comparison of XRD patterns of a) Na,CO; and b) NaOH activated GGBFS with 20 wt.% of perlite at 7, 28 and 56 days of
curing. C-S—-H - C-S-H phase, C(-N)-S-H - sodium rich C-S—H, Ht - hydrotalcite, Ga - gaylussite, Cc - calcite, v - vaterite

addition to C—S—H, hydrotalcite, vaterite, and calcite.
The C(-N)-S—-H phase in NaOH slag activated
samples is characterized by a more dense (containing
less water—inner) and more crystalline structure
[20, 22]. No major differences were observed between
the diffractograms of the samples with hydration time
independently of the type of activator used. Moreover,

regardless of the activation method, no zeolites were
observed in the samples as reported elsewhere [37].
The gradual addition of WP does not change the
nature of the hydration products, as can be observed in
Fig. 4. However, an effect of WP presence and hence
slightly changed chemistry of the samples is visible;
e.g. crystalline products such as hydrotalcite present
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a) 56 days
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Fig.4 Comparison of XRD patterns of a Na,CO3 and b NaOH activated GGBFS with different perlite dosage at 56 days of curing. C—
S-H - C-S-H phase, C(-N)-S-H - sodium rich C-S-H, Ht - hydrotalcite, Ga - gaylussite, Cc - calcite, v - vaterite

for pure samples (especially the N sample Fig. 4b)
become less pronounced. This is due to the reduction
of the concentration of MgO in the samples containing
WP. Similarly, the peak related to C(-N)-S—H clearly
weakens (Fig. 4b) and that related to C—S—H is more
noticeable. It may suggest that when WP is present as a
result of the change in chemistry of the system, a lower
C-S—H ratio is formed, the system is less prone to
sodium, and it is more susceptible to aluminum
uptake, resembling more fly ash activated systems.

4.2.2 TGA

The TGA result presented in Fig. 5 is in agreement
with the phase identification by XRD analysis (Figs. 3
and 4). Mass loss at temperatures below 200 °C can be
attributed to free water removal and the initial loss of
the interlayer and structural water present in C—S—-H
and C(-N)-S-H [38]. The decomposition of hydro-
talcite exhibits a double-step dehydration process at
200 °C and 350 °C [23, 38]. More hydrotalcite
precipitation was observed in the reference samples
without WP addition, which is the result of a higher
overall MgO content in the sample. The broad effects
observed mainly for the sodium carbonate activated
samples, beginning at approximately 450 ‘C, are

related to the CO, loss from carbonate salts. At ~
550 °C calcite decomposes, followed by decarbona-
tion of gaylussite, present mainly in Na,COj activated
samples [39]. Before gaylussite decarbonate it loses
molecules of water at ~ 130 °C, however this effect
is unclear due to overlapping effects with the C-S-H
and C(-N)-S—H phase. Despite the fact that the XRD
data show the presence of vaterite in the samples, no
effect at approximately 390 °C related to the conver-
sion of vaterite to calcite is observed, probably due to
low concentration of this phase or due to the coinci-
dent with hydrotalcite. Form Figs. 5 and 6 is clear that
the amount of products formed increases with hydra-
tion time, more hydration products are observed for
the samples activated with Na,CO; and for those
where 20 wt.% of WP is present. The results prove that
WP is an active component of the blends.

4.2.3 FT-IR

FT-IR was performed to further investigate the change
of chemical groups in reaction products.

Figure 7 compares the spectra of the Na,CO; and
NaOH activated GGBFS and GGBFS-WP blends. All
spectra show similar shapes and positions of the bands
and are comparable with those previously published
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Fig. 6 The amount of bound water present (%BW) in hydration
products of GGBFS and GGBFS with 20 wt.% of WP activated
by Na,CO3 and NaOH at 28 days of hydration

for alkali activated samples [25, 29, 30, 40]. High full
with half maximum (FWHM) at 1300 — 800 cm ™" and
the band at 670 cm™' confirms that the investigated
samples are highly amorphous. The Si—O-Si stretch-
ing vibration mode of the C-S-H and C(-N)-S-H
phase is identified at 950-960 cm ™' [41] overlapping
resonances from unreacted glassy phase, either from
GGBFS (calcium alumina-silicate glass) or WP (alu-
mina-silicate glass). Pure samples (C, N) show the
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results). C-S—-H - C-S-H phase, C(-N)-S-H - sodium rich C-
S—-H, Ht - hydrotalcite, Ga - gaylussite, Cc - calcite

main band centered at ~ 950 cm~'. The gradual

addition of perlite results in band shifts to higher
wavenumbers (~ 950 em™' >~ 1000 cm_l). A
different wavenumber indicates a different ratio of Si/
Ca in calcium-silicate-hydrate phase [42—44]. In this
case, the low position indicates the formation of C—S—
H with a lower Si/Ca ratio. The band at 670 cm ™'
present silico and silico-alumino-oxygen rings derived
from the perlite and GGBFS structure [45-47]. A
sharp but week band at ~ 870 cm™' as well as bands
at around 720 crnfl, 1430 cm ™! and 1800 cm™! more
distinct for Na,CO; activated samples, are assigned to
vibrations of C-O groups from calcite, vaterite and
gaylussite. Two bands at 3428 cm_l, 3200 cm™!
represent vibrations in water molecules originating
from O-H stretching vibrations and 1646 cm ™" of O—
H bending vibrations of interlayer water molecules of
C-S-H, C(-N)-S-H, and hydrotalcite [48]. The bands
observed at approximately 424 cm™' and 542 cm™
are associated vibrations O-Al(Mg)-O and Al(Mg)-
O-Al octahedra [49, 50] respectively in layer struc-
tured hydrotalcite. The bands in this region were
previously attributed to AFm phases and its dehydra-
tion products [51] and monocarbonate [49].
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Fig. 7 Comparison of IR spectra of a) Na,CO3 and b) NaOH activated GGBFS with different perlite dosage at 56 days of curing

4.2.4 SEM

Figures 8 and 9 shows the SEM pictures of the
reference samples and the samples with 20 and 40
wt.% replacement of GGBFS by WP at the curing age
of 28 days. The morphology of the reference samples
(Figs. 8a, d, 9a and d) is clearly different from that of
the samples containing WP. As can be seen, the
morphology of the C mixture (Figs. 8a and 9a) appears
to be more compact and dense, while the N sample
(Figs. 8d and 9d) is rich in a semi-crystalline structure
embedded in the matrix, which is likely to be C(-N)-
S—H phase as revealed by the XRD (Fig. 4b). The
addition of 20 wt.% of perlite positively influences the
microstructure of both alkali-activated series
(Figs. 8b, e, 9b and e). The images show mainly C-
S—-H phase growing on the well-reacted grains of
GGBFS and WP. In the case of the NaOH activated
sample, the increase in the amount of WP to 40 wt.%
(Figs. 8f and 9f) appears to not influence the
microstructure in comparison to the N20WP blend
(Figs. 8e and 9e), while the microstructure of C40WP
(Figs. 8c and 9c) became more porous and the grains
are more distinct (less reacted) in comparison to the
C20WP sample (Figs. 8b and 9b).

4.2.5 Compressive strength

The results clearly show that the compressive strength
of the pastes strongly depends on the type of activator
used, as well as the mass proportion of GGBFS and
WP (Figs. 10, 11, 12). In general, higher strengths are
observed in both the reference paste and GGBFS-WP
when Na,COj; instead of NaOH is used. Despite the
lower pH value of the Na,CO; solution, the initial
reaction delay reported elsewhere [19, 25, 26] for the
Na,COj; activated GGBFS sample (C) is not noticed,
and the strengths are higher than for the NaOH
activated reference sample (N). The lower activation
ability at early age is often combined with the
preferential reaction of Ca>" from GGBFS dissolution
with CO327 from the activator to form calcium
carbonates and gaylussite that do not give strength
[19, 25, 29]. However, a fast setting of GGBFS
activated by Na,COj; is also reported [27-30]. Yuan
et al. [29] found that the early development of the
strength of Na,COj; activated GGBFS is significantly
controlled by the fineness of the slag particles. The
reduction of the slag particles size increases the
strength due to the acceleration of formation of the
strength giving phases. The strengths of the reference
sample (C) gradually grow up to 14 days; after this,
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Fig. 8 SEM images of the reference samples (a and d) and GGBFS blends with 20 (b and e) and 40 wt.% (c and f) of WP activated by
Na,COj; (a, b and c) and NaOH (d, e and f) solutions at 56 days of hydration and magnification 10 000x

there is an ongoing gradual increase in compressive
strength with prolonged curing (43 MPa at 90 days of
curing). The higher strengths of the C series at later
ages is assigned to the effect of the anion CO5>~ [26].
The addition of WP to the Na,COj activated systems
results in an initial delay in the early reaction time and
the samples did not set until 3 days after curing
(Fig. 10). From 3 days and on, the addition of 10 wt.%
and 20 wt.% of WP to the GGBFS boosts the reaction
and compressive strength is higher than for the
reference sample. The low alkalinity of the system is
probably insufficient to trigger the reaction of
GGBFS-WP at early ages. Later, the dissolved WP
silicate species reacts favorably instead of the GGBFS
aluminosilicates with the Na™ cations of the activator,
forming more hydration products (Fig. 6) that give
strength. The optimum of WP substitution in Na,COj3
activated samples is 20%, at 28 days the compressive
strength is 72 MPa and at 90 days 93 MPa (Figs. 10
and 12). 40% of WP clearly slows down the reaction;
however, at 90 days the compressive strength sur-
passes the samples with 10% of WP (Figs. 10 and 12).
It may suggest that there are not enough Na™ ions left

to react with dissolved GGBFS because of a high
proportion of WP in the blend.

Regarding the NaOH activated GGBFS-WP series,
the initial reaction delay is not observed, most
probably due to higher alkalinity of the NaOH
solution. The influence of WP on the activated NaOH
samples is twofold (Figs. 11 and 12). 10 wt.% of the
WP results in decrease of compressive strength
throughout the studied period compared to the refer-
ence sample. Addition of 20 wt.% and 40 wt.% of WP
to the GGBFS causes an increase in compressive
strength. In the set of NaOH activated GGBFS-WP
samples, 40 wt.% WP addition is the most favorable
independently on the time of curing (Figs. 11 and 12).
The differences in compressive strength between the
samples in NaOH activated series are most likely due
to the different dissolution rates of GGBFS and WP
and their reactions mechanisms in a highly alkaline
environment, e.g. reaction of alkaline activation and/
or geopolimerization. However, this divagation is out
of scope of this paper.
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Fig. 9 SEM images of the reference samples (a and d) and GGBFS blends with 20 (b and e) and 40 wt.% (c and f) of WP activated by
Na,COj; (a, b and c) and NaOH (d, e and f) solutions at 56 days of hydration and magnification 20 000x
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Fig. 10 Compressive strength of Na,COj; activated GGBFS
with different WP dosage

5 Conclusions

The results obtained confirm that WP can be effec-
tively used as a partial replacement of GGBFS in
sodium carbonate and sodium hydroxide activated
systems. Moreover, the use of WP reduces the
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Fig. 11 Compressive strength of NaOH activates GGBFS with
different WP dosage

consumption of good quality GGBFS, which is
practically fully used in common cements, or it allows
the use of medium quality GGBFS. The amount of
waste stored in the landfill also decreases. The nature
of hydration products as revealed by XRD depends
mainly on the type of alkali activator used. For
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Fig. 12 Influence of WP dosage on compressive strength of
GGBFS-WP alkali activated pastes in relative to neat GGBFS
activated samples at 28, 56 and 90 days of curing

Na,COj activated samples, the phases formed during
hydration are C—S—H, hydrotalcite, and three types of
carbonates: vaterite, calcite, and gaylussite. In the
samples activated by NaOH solution, sodium-rich C(-
N)-S-H is also observed. WP presence does not
change the nature of the hydration products, however a
slightly changed chemistry of the samples with WP
results in less pronounced C(-N)-S-H and hydrotal-
cite precipitation. The TG/DTG and FTIR are consis-
tent with the XRD results. The exemplary, simple
bound water calculations show that the amount of
hydration products is higher in systems activated with
Na,CO5; compared to their NaOH activated equiva-
lents. The analysis of the SEM pictures seems to
confirm these results, since the microstructure of the
sample activated by sodium carbonate is more com-
pact and dense. The compressive strength of the paste
samples depends first on the type of activator and
secondly on the GGBFS substitution by WP. Gener-
ally, higher compressive strength values are observed
for Na,COj activated paste samples, which is in line
with BW calculations and microstructure observa-
tions. The optimum of the incorporation of WP is 20
wt.% for sodium carbonate giving over 90 MPa at
90 days of hydration. Further substitution results in
significantly lower performance, especially at early
ages. Only the 1 day samples with WP activated by
Na,COj3 did not set in contrary to NaOH activation
probably due to a triggering effect of a higher pH of
the NaOH solution. The compressive strength of

NaOH activated systems is higher as the higher is the
GGBFS substitution by WP. The differences in
compressive strength between two considered systems
are presumably the result of different dissolution rates
of GGBFS and WP and their mechanisms of reaction
in a highly alkaline environment, e.g. reaction of
alkaline activation and/or geopolimerization.
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