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a b s t r a c t
This paper is based on the characterization of synthesized geopolymer binders based on either powder or
solution silicate, and the amount of water contained in synthesized binders is determined to evaluate
their possibility to coat a brick. The structural evolution of the formed geopolymers was investigated
using FTIR spectroscopy. The mechanical properties were evaluated using compression tests. The structural evolution ensured that the solutions prepared from silicate powder or liquid had different degrees
of polymerization, which modified the polycondensation reaction of the mixture. Nevertheless, the use of
aluminosilicate solutions based on powder or liquid display similar behavior in a polycondensation reaction. The obtained materials show good mechanical properties, and it is possible to deposit this binder on
the brick depending on the water content.
Ó 2016 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
The building and construction sectors have been identified
among the major contributors to a global environmental impact
owing to their high energy consumption [1,2]. This sector accounts
for approximately 40% of total energy consumption and 38% of CO2
emissions. Hence, it is necessary to adopt a global approach in this
industry for material and building lifecycles and create this
approach with a sustainable development perspective. Thus, the
development of new composite materials called eco-materials that
are composed of earth bricks, wooden frames and geopolymer binders can be considered as a constructive solution [3]. The idea of
assembly with wood and earth bricks is used in many existing
structures for construction systems owing to their good mechanical properties and the light weight of wood. Earth bricks also provide thermal inertia and stored moisture despite the cracks that
may appear at the interface [4]. To inhibit crack formation, an inorganic mineral mortar, such as a geopolymer binder, can also be
used because of its ecological properties [5] with respect to this
type of structure. Indeed, a preliminary study on a porous geopolymer binder developed in the laboratory showed the ability of the
binder to adhere to both wood and earth [6].
This new class of material called geopolymer binder features
ill-organized, three-dimensional materials that result from the
⇑ Corresponding author. Tel.: +33 5 87 50 25 64.

activation of an aluminosilicate source using an alkaline solution.
Many investigations have used common clays [7,8] and industrial
waste as raw materials [9,10]. Among these materials, metakaolin
is the most commonly used because it is the cheapest aluminosilicate with a good degree of purity and high reactivity [11]. The
existing literature [12] has proved that through the dehydroxylation process, the effect of impurities is considered an indicator of
metakaolin reactivity. Further, the activating solution is a critical
parameter because it governs the reaction kinetics and the working
properties of the final materials. In fact, it was demonstrated that
the initial Si/M molar ratio of the silicate solution controls the nature and the quantity of the siliceous species; when the Si/M ratio
decreases, the solution contains more depolymerized silicate species such as Q° and Q1 with the presence of a higher number of
non-bridging oxygen atoms [13], inducing different reactivities.
There are different methods to synthesize these silicate solutions.
Autef et al. [14] prepared their solutions in laboratory by dissolution of amorphous silica in an alkali solution. Gharzouni et al.
[15] used commercial solutions with different initial Si/K molar
ratios. They demonstrated that the differences in terms of siliceous
species and the degree of depolymerization between silicate solutions will induce different reactivities. However, great attention is
given to the Na-geopolymers because they present different properties depending on the aluminosilicate source and the used solution [16]. The difference in the behavior between geopolymers
based on K or Na can be related to the characteristics of the alkali
solution. Thus, some works have related the use of Na and K as
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alkaline solutions [17]. In fact, some publications have addressed
the comparison between sodium and potassium solutions. A
molecular dynamics study [18] of the interaction of oxygen molecules and oxygen diffusivity in NaOH and KOH at different temperatures and concentrations highlighted that the diffusion
coefficients for hydroxide Na+ and K+ decrease with increasing
solute concentration. However, it is important to remember that
the diffusion coefficient of oxygen in NaOH solutions is smaller
than that in the corresponding KOH solutions at all concentrations.
The common point in all of these works is that they use silicate in
solution form, and few formulations with silicate powder are
made. However, the use of liquid solutions requires drastic storage
conditions [5]. As an alternative, the use of mixtures based on powders with only the addition of water will be considered. In this context, the use of powder-based mixtures seems to be easier to carry
out in the samples. The use of silicate powder is rare despite the
advantages of powder silicates, including its low price and ease
of utilization [19]. Thus, it would be very interesting to conduct a
work involving powder or liquid to understand the mobility of species in solution and control the Si/Na molar ratio.
Various reports have demonstrated that the solution preparation method has an impact on silicate species [20]. The authors
[12,21] have shown that for the same Si/M ratio, a commercial silicate solution in which KOH pellets were dissolved and a laboratory solution result in the same silicate species in different
amounts. For example, the decomposition of Raman spectra [22]
of laboratory and commercial solutions with a Si/M ratio of 0.7
result in the same contributions but a different intensity. Brykov
et al. [23] showed that the preparation of the solution has little
influence on the connectivity of the silicon atoms compared with
the solutions provided by dissolving a colloidal silica or a glass. It
is suggested that commercial silicate solutions and laboratorymade solutions present differences in reactivity. A study based
on various solutions with different cations and Si/M ratios by spectroscopy investigations (FTIR, Raman and NMR) has been conducted by Vidal et al. [24]. This work has demonstrated that the
manufacturing process causes a slight variation in the amounts
of the different silicate species responsible for the reactivity of
the solution. In the same way, it has shown [25] that the nature
of the silica introduced and its reactivity have an influence on
the viscosity of formed binder. Consequently, the nature of the
solution plays a significant role in the final material.
The aim of this study is to synthesize geopolymer materials
based on powdered silicate from two different metakaolins and
compare them with those synthesized based on commercial silicates. These formulations were analyzed by FTIR spectroscopy
and a compressive mechanical test to investigate their later use
as deposits on earth bricks.

Table 1
Characteristic of different solutions.
Samples

P1.70
0.7
L1.70
0.7
1.29
L0.7

Chemical compositions

pH values

% SiO2

% H2O

% Na2O

27.5
27.5
31.8

64.2
64.2
55.5

8.3
8.3
12.7

14
14
14

the polycondensation reaction. The samples were then stored for
7 days and then demolded. Owing to the high reactivity of M2,
some water must be added to the mixtures [24]. Throughout the
entire study, synthesized geopolymers will be denoted according
to the MxWyz nomenclature; Mx represents the type of used metakaolin (M1 or M2), W is the type of alkaline silicate (P: powder, L:
liquid), and z and y represent the initial and final Si/Na ratios,
respectively. For example, M1 L1.7
0.7 was synthesized based on M1
metakaolin and a silicate/sodium solution ratio Si/Na = 1.7. Different compositions with varying Si/Na values are summarized in
Table 2.
Technical characterization
Fourier transform infrared (FTIR) spectroscopy in ATR mode
was used to investigate the structural evolution of the geopolymer
mixtures. The FTIR spectra were obtained using a Thermo Fisher
Scientific 380 infrared spectrometer (Nicolet). A drop of the
geopolymer reactant mixture was deposited onto the instrument’s
diamond crystal and protected with a small bell from any environmental pollution during the spectrum acquisition process, which
was performed regularly until the end of the geopolymerization
process. The IR spectra were gathered over a wavenumber range
of 400–4000 cm1 with a resolution of 4 cm1. The atmospheric
CO2 contribution was removed with a straight line between 2400
and 2280 cm1. To follow the evolution of the involved bonds
within the sample in time, a macro was used to acquire a spectrum
every 10 min for 7 h, producing 64 scans in total. To allow comparisons of the various spectra, the spectra were baseline-corrected
and then normalized.
The pH values were measured with using a Schott Instruments
Lab860 pH-meter at 25 °C for 2500 min. The samples in pellet form
were placed in tubes (Ø: 35 mm and H: 70 mm) and covered with
water to maintain the ratio of geopolymer weight to water weight
equal to 0.08 (mgeo/mwater = 0.08) for each measurement. At the

Experimental part
Raw materials and sample preparation
Before preparing the geo-materials, the alkaline solution is synthesized from a mixture of silicate (powder (P) or liquid (L)), NaOH
pellets (97% purity) and water to obtain a solution with a Si/M ratio
equal to 0.7. The characteristics of the formed solutions are
reported in Table 1. The metakaolins M1 (SiO2 = 55%,
Al2O3 = 40%) and M2 (SiO2 = 55%, Al2O3 = 39%) are then added as
described in Fig. 1. These two metakaolins are prepared differently:
M2 is flash-calcined, whereas M1 is calcined in rotary furnace. The
difference in the calcination method of these kaolins induces varying reactivity in the geopolymer reactions [26]. After stirring for
15 min at 700 rpm, the reactive mixture was placed in a sealed
polystyrene mold at ambient temperature for 24 h to complete

Fig. 1. Synthesis protocol of geo-materials (A) liquid and (B) powder silicate.
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Q3

Table 2
Nomenclature and composition of different formulations.
Precursors

Q2 Q1

Samples

Metakaolin
M1 or M2 (g)

Silicate
solution (g)

12

L1.29
0.7
L1.29
0.7
P1.70
0.7
L1.7
0.7 + 9 H2O
L1.29
0.7 + 11 H2O
P1.7
0.7 + 9 H2O

NaOH (g)
15.00 (L)

2.01

5.37 (P)
15.00 (L)

2.37

5.37 (P)

M1
M1
M1
M2
M2
M2

L1.70
0.7
L1.29
0.7
P1.70
0.7
L1.70
0.7
L1.29
0.7
P1.70
0.7

(f)

(e)
beginning of the test, the pH measurements were taken at intervals
of 1 h.
The compressive strengths were tested using a LLOYD EZ20
type universal testing machine with a crosshead speed of
0.1 mm/min. The compressive tests were performed on five samples for every composition. The compressive strength values represent the average of the five obtained values and are expressed in
MPa. The test tubes used for the compression tests were cylindrical
(U = 15 mm; h = 30 mm) and aged for 7 days in a closed mold at
room temperature.
Differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) were performed on an SDT Q600 apparatus from
TA instruments in a following dry-air atmosphere (100 mL/min)
in platinum crucibles. The signals were measured with Pt/Pt-10%
Rh thermocouples. The samples were heated to 1400 °C at
10 °C min1 in dry airflow.

(d)

(c)

(b)

(a)

Results and discussion

1300

Characterization of starting alkaline solutions

900

700

1.7
1.29
Fig. 2. In situ infrared spectra of solutions (a) L1.7
0.7, (b) L0.7 + 9% H2O, (c) L0.7 , (d)
1.7
1.7
L1.29
0.7 + 11% H2O, (e) P0.7 and (f) P0.7 + 9% H2O.

2

2

1.5

1.8

1

1.6

0.5

1.4

0

NBO

Q1/Q2

The characteristics of the different synthesized alkali solutions
1.7
1.29
(P1.7
0.7, L0.7 and L0.7 ) are presented in Table 1. These solutions are
obtained by mixing sodium silicate solution and sodium hydroxide
to obtain a final Si/Na ratio equal to 0.7. The powder P1.7 and the
liquid L1.7 contain the same percentages of SiO2, H2O and Na2O to
compare the difference between silicate powder and liquid as a
precursor. Their pH values are similar (14), demonstrating their
basicity.
To determine the role and the reactivity of different alkali compounds used in the formulation of the geopolymer binder, infrared
spectroscopy was performed to investigate the structure species of
each solution. The infrared spectra of solutions without or with the
addition of water recorded in the 700–1300 cm1 range are presented in Fig. 2. The addition of water was introduced during the
preparation of geopolymer-based M2. All spectra exhibited similar
contributions. The band located at 864 cm1 is attributed to the
CAO bond of carbonates, and the broad bands centered at approximately 1003 cm1 (Q2) and 976 cm1 (Q1) are ascribed to asymmetric stretching vibrations characteristic of SiAOASi (Q2) and
SiAOASi (Q1), respectively, as introduced by Engelhard et al. [27].
The shoulder observed at 1100 cm1 was attributed to Q3 species.
The Q1/Q2 ratio gives qualitative information about the degree
polymerization of solution [24]. The calculated ratio and silicon
concentration (0.81, 5.94), (0.84, 4.7) and (0.73, 8.02) for L1.7
0.7,
1
2
1.29
P1.7
0.7and L0.7 , respectively, are plotted in Fig. 3. A higher Q /Q ratio
implies a higher amount of depolymerized species depending on
the silicon content in the solution [26]. To exacerbate this phenomenon, the NBO values [28] determined from 29Si NMR investigation on these solutions are plotted as a function of the [M+]
concentration. In effect, the alkaline cation induces the formation
of non-bridging oxygen atom as a function of the Si/M ratio, the
nature of the alkaline and the preparation mode [21]. The variation

1100

Wavenumber (cm-1)

1.2
0

2

4

6
[Si4+] or [M+]

8

10

12

Fig. 3. Evolution of [Si4+] versus Q1/Q2 ratio and [M+] versus NBO for different
1.7
1.29
1.29
1.7
solutions (r) L1.7
0.7, (}) L0.7 + 9% H2O, (d) L0.7 , (s) L0.7 + 11% H2O, (j) P0.7 and (h)
P1.7
0.7 + 9% H2O.

reveals that the solution based on P1.7
0.7 displays the lowest NBO
owing to the presence of cyclic species in relation of the dissolution
of the silicate powder. The NBOs of the other solutions are also in
agreement with the work of Gharzouni et al. [29]. Consequently,
for the same initial Si/M molar ratio, the P1.7
0.7 solution contains
more cyclic or chain species, and the two liquid solutions (L1.7
0.7,
L1.29
0.7 ) appear to be more depolymerized [23]. It seems that the
1.29
L1.7
0.7 solution is less depolymerized than L0.7 because it was shown
by Vidal et al. [26] in a previous study that the decrease in initial
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Si/M implies the depolymerization of the silicate species in the
solution. This phenomenon is linked to the formation of cyclic species. The effect of water addition on the alkaline silicate solutions
was studied owing to the geopolymer binder formulation, notably
in the presence of M2 metakaolin. Regardless of the alkaline solution, the addition of water induced a modification of the NBO value
and the Q1/Q2 ratio. This effect is in agreement with the speciation
equilibrium [30]. The addition of water leads to a slight polymerization of the solutions with the presence of more cyclic or chain
species. The weak modification in the case of P1.7
0.7 can be correlated
to the presence of certain cyclic entities, minimizing the polymerization effect.
When the percentage of water contained in the solution
increases, the Q1/Q2 ratio decreases and the NBO value increases,
which demonstrates that the addition of water induces the polymerization of the solutions. In effect, previous studies have shown
that the presence of various species in silicate solutions depends
on several parameters such as the Si/M molar ratio, the dilution
rate and the alkaline cation [31,32]. These parameters determine
the presence of the silicate species responsible for the silicate solution specification. The silicon and alkaline concentrations control
the silicate species in the silicate solutions.
Binder composition
In situ FTIR spectroscopy
The spectra presented in Fig. 4 were recorded for the consolidated materials synthesized from different studied solutions of

Si/Na = 0.7 in the presence of M1. The M2 binders are not given
because they present the same data. Only their interpretations
1.7
are provided. The spectra of only M1 P1.7
0.7 and M1 L0.7 are presented.
In the presence of metakaolin M1, for all recorded spectra, at
t = 0 min, the bands on the spectra at 3300 cm1 and 1620 cm1
are attributed to the SiAOAH bond and the water, respectively
[33]. Their intensities gradually diminished with time, owing to
the water consumption during polycondensation reactions. The
bands located in the 1100–950 cm1 range are generally attributed
to SiAOAR+ present in the aluminosilicate compounds (with
R+ = Si, Al, K) [34]. The decrease in the OH band intensity with
increasing curing time and the displacement of the SiAOAR+ band
are characteristic of the formation of consolidated materials. The
bands located at 1420 cm1 were attributed to the CAO bond
owing to the presence of some carbonates. The formed carbonates
can be explained by the low reactivity of M1 in the alkaline solu1.7
tion. The two mixtures M1 P1.7
0.7 and M1 L0.7 exhibited the same contributions (SiAOAH, CAO and SiAOAM+). A displacement in the
position of silicate species to a lower wavenumber was observed,
owing to the reaction between the siliceous and aluminous species.
These data reveal that the reactivity of the alkaline solution has a
crucial role to promote polycondensation reactions. This will be
verified later by different characterizations of formulations.
Fig. 5 shows the SiAOAM (980 cm1) shift as a function of time
for different mixtures, indicating the substitution of SiAOASi by
SiAOAAl bonds, reflecting the reorganization of the network. In
addition, the slope of the curve at the beginning of the reaction
is characteristic of the kinetics of this substitution. The

(A)

t=560min

t=170 min

t=0 min

4000

3500

3000

2500
2000
Wavenumber (cm-1)

1500

1000

(B)

500

t=280 min

t=170 min

t=0 min

4000

3500

3000

2500
2000
Wavenumber (cm-1)

1500

1000

500

1.7
Fig. 4. In situ infrared spectra of compositions (A) M1 L1.7
0.7 and (B) MP L0.7 samples.
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(A)
990

980

980

970

970
(c)

(c)

960

960
950
990

950
990
980
970
(b)

960

Q2 shift (cm-1)

Q2 shift (cm-1)

(B)

990

970
(b)

960
950
990

950
990

980

980

970

970

950

0

50

(a)

960

(a)

960
950

980

100 150 200 250 300 350 400
Time (min)

0

50

100 150 200 250 300 350 400
Time (min)

1.29
1.7
1.7
Fig. 5. Evolution of the band SiAOAR+ as function of the time during polycondensation reaction for (A) (a) j M1P L1.7
0.7, (b) d M1 L0.7 , (c) r M1L0.7 and (B) (a) h M2P L0.7, (b) s
1.7
M2 L1.29
0.7 , (c) } M2L0.7 compositions.

which governs the reaction [31]. In this case, the use of the powder
or solution has no effect.
The degree of polymerization plays a significant role in determining the structure and properties of the formed geopolymer.
Consequently, the evolution of the slope obtained from the FTIR
spectra as a function of the Na+ concentration is presented in
Fig. 6. From these data, the slope values can be deduced. They
are (0.03, 0.07, 0.04, 0.08, 0.1 and 0.09 cm1/min) for
1.29
1.7
1.7
1.7
1.7
(M1 L1.29
0.7 , M2 L0.7 , M1 L0.7, M2 L0.7, M1 P0.7 and M2 P0.7), respectively. The synthetized P1.7 samples exhibited the lowest slope
values that can be correlated to the presence of various species
in this solution. The slope exhibits a linear trend versus [Na+], suggesting that the concentration of alkali cations influences the
kinetics of the reaction. Provis et al. [14] demonstrated that the
Na geopolymers exhibited an important kinetics dissolution rate.
0

-0.04
Slope (cm-1/s-1)

displacement of the sample M1 P1.7
0.7 (Fig. 5 (a)) is approximately
30 cm1, which is considered higher than the other samples. Its initial peak position of the band SiAOAM is located at 980 cm1,
which agrees with the basicity of the solution, thus leading to a
lower value of SiAOAM owing to the presence of various cyclic
species inducing the formation of several networks as evidenced
by Autef et al. [35]. The M1 L1.29
0.7 sample was characterized by an
initial position of the SiAOAM band at 966 cm1 owing to the Si/
Na = 1.29 ratio of the initial solution. This ratio induces a reaction
medium rich in non-bridging oxygen atoms (NBO  1.8), promoting depolymerization of the species in solution and consequently
the formation of SiAOAM bonds during metakaolin addition [36],
leading in this case to few local networks [37]. Furthermore, the
1.29
displacement value of the samples M1 L1.7
0.7 and M1 L0.7 (Fig. 5
(b)) are similar (17 cm1). This similarity in displacement values
can be linked to the different initial ratio Si/M = 0.7. The position
of this band is directly correlated to the number of bridging oxygen
atoms [29].
Given these data, the identical NBO value is responsible for this
effect, in agreement with the control by the alkaline solution in this
range of reactivity. The same behavior is observed in the presence
1.29
of the M2 metakaolin for both solutions M2 L1.7
0.7 and M1 L0.7 . Nevertheless, a slight increase in the shift seems to appear in the presence of M2. In the presence of sodium solution, the metakaolin M1
reacts more rapidly than the M2 metakaolin. In effect, in this case,
the sodium cation with a strong hydration sphere induces the polycondensation reaction with M1, owing to this low reactivity. Meanwhile, with the high M2 reactivity, it is difficult to favor one local
network rather than several. This effect is not observed in the presence of the P1.7 solution because the solution contains more cyclic
species, limiting the previous effect. The effect of the reactivity of
metakaolin governs in this case. Moreover, in the presence of
M2, the behavior is different because the value of displacement
is close, owing to the reactivity of the aluminosilicate source,

-0.08

-0.12

-0.16

-0.2
0

5

10
[Na+]

15

20

1.7
Fig. 6. Evolution of the slope value in function of the [Na+] for r M1L1.7
0.7, j M1 P L0.7,
1.7
1.7
1.29
d M1 L1.29
0.7 , } M2 L0.7, h M2 P L0.7 and s M2 L0.7 compositions.
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Diffusion of the Na+ ions ensures the formation of more reactive
entities that can be combined with aluminosilicates differently
for the two metakaolins. For the samples synthesized based on
M1, the slope values are characteristic of the various exchanges
between aluminosilicate species, whereas the kinetic reaction for
samples based on M2 induces different networks. From these
results, it can be concluded that they have similar behavior. Moreover, P1.7 and L1.7 display the same slope value.

suggested for L1.7
0.7. In this case, this property is directly linked to
the behavior of the metakaolin in the presence of elemental
1.7
sodium. As observed for the L1.7
0.7solution, the P0.7 was also polymerized with or without the water addition, which involves weak reactivity in the presence of M2.
These data underline a novelty in this study, which is that a
solution based on powder with a given molar ratio of Si/M is able
to yield a material with behavior similar to that of the liquid
solution.

Mechanical properties
To understand the influence of metakaolin reactivity on the
working properties of formed materials, the values of the compressive strength corrected by the S/L ratio as a function of the
nSi/(nNa + nH2O) ratio are shown in Fig. 7. A comparison between
the two metakaolins shows that the compressive strength value
corrected by the S/L ratio varied linearly versus the molar number
ratio. As evidenced by FTIR data, the samples based on M2 display
the quasi-same values, whereas with M1, the data are dispersed.
This fact is certainly due to the effect of either the solution or the
metakaolin. For M1 samples, S/L increases from 0.7 to 0.8 in the
1.7
1.7
following order: M1 L1.29
0.7 < M1 P0.7 < M1 L0.7. For the M2 samples,
S/L seems to be constant (1.1), which corroborates the FTIR data
[38,39]. The sample M1 L1.7
0.7 has the highest compressive strength
value of approximately 72 ± 2 MPa. For M2 L1.7
0.7, the compressive
strength value decreases to 42 ± 2 MPa. Previous reports [40]
demonstrated that M2 is more reactive than M1 in solution. However, in this case, the water added to achieve M2 modifies the mixture. As previously indicated in the characterization of starting
alkaline solutions (Fig. 3), the addition of water involves the polymerization of the solution, inducing the loss of strength. Indeed, it
has been shown by Wang et al. [41] that the compressive strength
values increase with increasing NaOH concentration from 4 to
12 mol. L1. In our case, the [M] value is located in this range of
concentration, supporting this behavior.
1.29
For the two other samples, M1 L1.29
0.7 and M2 L0.7 , the compressive strength values are approximately 36 ± 2 and 39 ± 2 MPa,
respectively, which are considered similar and lower than those
synthesized based on L1.7
0.7. For these formulations, the alkaline solution governs the reaction contrary to samples based on L1.7
0.7. This
can be explained by the oligomer cycles contained in the L1.29
0.7 solu1.7
tion. The samples M1 P1.7
0.7 and M2 P0.7 exhibited compressive
strength values of approximately 50 and 34 ± 2 MPa, respectively,
which can be related to the solution reactivity, as previously

Preliminary test
To understand the behavior of these binders in the presence of
various supports, TGA analysis (Fig. 8) was conducted to calculate
the amount of water contained in these samples. Representative
TGA results for a geopolymer sample increases sharply to 35%
at 150 °C, owing to loss of free water, and then only gradually to
37% at 600 °C owing to the loss of interstitial water, in general
agreement with the observations of Perera et al. [41]. The total
water contents of the samples were estimated using the data for
mass loss at 600 °C. The values of water loss contained in these
compositions deduced from TGA curves are presented in Table 3.
1.29
1.7
The samples M1 L1.7
0.7, M1 L0.7 and M1 P0.7 synthesized based on
M1 exhibited lower weight loss (18%) than those synthesized
based on M2. Their weight loss values are (24% for M2 L1.7
0.7, 23%
1.7
for M2 L1.29
0.7 and 20% for M2 P0.7). These differences in the amount
of water released can induce various distributions of the binder in
the brick [42] and subsequently different interfaces. In effect, previous work in the laboratory based on the use of geopolymer binder or mortar interacting with bricks and wood demonstrate that
the availability and amount of siliceous species from a mixture is
a preponderant parameter influencing the nature of networks
formed after consolidation [23]. Moreover, it was also suggested
that increasing the amount of water released by the samples
increases the internal tensions in the brick. Preliminary tests of
adherence between the brick and the binder were conducted. Pictures of different binders based on M1 and M2 deposits on bricks
are presented in Table 3 at the time of deposit and after 24 h.
1.29
1.7
The binders based on M2 (M2 L1.7
0.7, M2 L0.7 and M2 P0.7) showed
the presence of cracks after 24 h, whereas the other binders syn1.29
1.7
thesized based on M1 (M1 L1.7
0.7, M1 L0.7 , M1 P0.7) exhibited adherence with the bricks. The presence of cracks may be related to
interactions between the bricks and binder based on M2 owing
to a delay in the polycondensation reaction that causes disruption
in the setting of the binder. In this case, the use of metakaolin M1

100
95
24%

18%

Weight (%)

90
85
80
(a)

75
(b)

70
0
Fig. 7. Evolution of the compressive strength values corrected by the S/L ratio
1.7
1.29
1.7
1.7
versus nSi/(nNa + nH2O) for r M1L1.7
0.7, j M1P L0.7, d M2 L0.7 , } M2 L0.7, h M2 P L0.7
and s M2 L1.29
0.7 compositions.

200

400
Temperature (£C)

600

1.7
Fig. 8. TGA curves of (a) M1 L1.7
0.7 and (b) M2 L0.7.
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Table 3
Deposits pictures of different geopolymer binder on brick (A) M1L

Composition

t= 0

1.70
0.7 ,

1.29
1.29
1.70
1.70
(B) M2L1.70
0.7 , (C) M1L0.7 , (D) M2L0.7 , (E) M1P0.7 and (F) M2P0.7 .

t = 24h

Weight loss (DTA)
(%)
18

(A)

24
(B)

17
(C)

(D)

23

(E)

17

(F)

20

with low reactivity must be the choice to favor the diffusion of
each species between binder and brick.
According to these results, the silicate solution and powder
again have almost the same behavior regardless of the metakaolin
used.

Conclusion
This paper focuses on the effect of the use of powdered or silicate solution in the synthesis of geopolymer binders by studying
the reactivity of two different metakaolins in the presence of these
solutions. The result shows the possibility of geopolymer synthesis
based on powder silicates. From the investigation of the FTIR and
NMR results, in the presence of a metakaolin that is relatively less
reactive (M1), the alkaline solution and the metakaolin act
together, whereas in the presence of M2, which is more reactive,
the aluminosilicate source governs the reaction. It was demonstrated that regardless of the MK that is utilized, the materials
1.7
based on P1.7
0.7 and L0.7 solutions provide similar mechanical properties. The preliminary test of adherence binders on bricks shows
that for adhesion, slowing the kinetics of polycondensation reactions will induce the creation of the interface between the binder
and brick, whereas when the kinetics are fast, the binder will diffuse into the brick and subsequently result in cracks in the brick.
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