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Mohamed BOUTOUIL .

Abstract

This paper presents the preliminary findings on a new mortar prepared with alkali-activated
seashell waste (AASW). Three mortars were manufactured with seashell waste to Activator
ratios of 2.5, 3 and 3.5. The mechanical properties were determined, and the chemical
products of each mixture were characterized using TG/DTG, XRD and FTIR analyses. From
both an economic and an environmental point of view, the obtained results are very
encouraging where they show that SW can be used as precursor to formulate an alkali-
activated mortar with a compressive strength of 22 MPa and a porosity of 16.5%. The AASW
paste was found to be mainly composed of C-S-H and different carbonates such as gaylussite,
pirssonite and thermonatrite. In terms of mechanical strengths and porosity, it was established
that the water to biner ratio is the key factor. Furthermore, the microstructural images showed

a good compatibility between the AASW paste and aggregates.

Keywords: Environmental impact; Alkali-activated materials; Mortar; Seashell waste

powder; Carbonates.

* Corresponding author: abdelaziz.hasnaoui @esitc-caen.fr . Tel: +33647076181.
1- Laboratoire de Recherche ESITC Caen, ComUE Normandie Université, 1 Rue Pierre et Marie Curie, 14610,
Epron, France.

1

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0032591021004769

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

1. Introduction

Today, there is no doubt that the humanity is in deep trouble due the current climate and
environmental crises. Indeed, the gravity of the situation has prompted more than 11,000
scientists around the globe to declare, clearly and unequivocally, that our planet is facing a
climate emergency [1]-[3]. Henceforth, dealing with this catastrophic threat is no longer an
option, but an urgent necessity that requires the improvement of the resource efficiency
policies adopted by all the involved actors, including the construction industry, in order to
create a more sustainable economy and preserve our planet. This cannot be achieved without
the development of new low-carbon building materials to avoid the environmental impacts of
the cement industry.

It is well known that concrete and mortars are one of the keystones of our modern
infrastructure. However, over the last few decades, environmental degradation due to ordinary
Portland cement (OPC) manufacturing has gone up at an alarming rate [4]. In fact, OPC
industry generates around 7% of the annual worldwide anthropogenic CO> emissions in
addition to the large amount of nitrogen oxide, sulfur oxide and particulate matter smaller
than 10 microns [4], [5]. Despite the contribution of OPC-based materials carbonation to
sequestrating part of the earth’s CO> [6], the remain emissions, including the other toxic
gases, contribute significantly to the environmental degradation.

In addition to this serious problem, the overexploitation of non-renewable raw materials for
OPC production gives rise to another set of environmental issues [7]. Faced with this global
concern, considerable efforts have been made to limit the CO, footprint of OPC-based
materials and preserve the natural non-renewable resources of our planet. These efforts
consist mainly in either substituting OPC by different supplementary cementing materials or
developing clinker free cements [8]-[10]. In this context, alkali-activated materials (AAM)

have been widely proposed as a viable alternative to OPC [11]-[13]. They are obtained
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through the activation of an aluminosilicate raw materials using an alkaline solution [14]. The
chemical structure of AAM depends primarily on the presence of calcium in the precursor. In
fact, the activation of a calcium-rich raw materials such as slag results in chemical system
mainly based on calcium alumina silicate hydrate (C—A-S—H) gel with a tobermorite-like
structure, while the alkali activation of low-calcium materials such as class F fly ash or pure
calcined clays generates a sodium alumina silicate hydrate (N-A-S—H) gel with a highly
crosslinked and disordered pseudo-zeolitic structure [15]. The most aluminosilicate precursors
used for AAM formulation are generally fly-ash, slag and metakaolin [16]. Using these
materials in AAM preparation can actually lead to a relative CO; footprint reduction which
vary largely from a formulation to another, depending on the type, the source and the dosage
of the raw materials and the alkali activators [17], [18]. However, despite the environmental
benefit of fly-ash, slag and metakaolin alkali activation, these commonly used aluminosilicate
materials are not available all over the world, which led scientists to pursue the search for the
activation of more sustainable and widely available raw materials, such as limestone.

In general, a positive effect was reported when limestone or other carbonate fines were added
as partial replacement of fly ash, slag or metakaolin to prepare AAM, by enhancing the
mechanical performances, decreasing the porosity and limiting shrinkage [19]. Indeed, when
limestone was added as partial replacement of metakaolin, the optimal AAM paste in terms of
mechanical strength was obtained with 32.32 % of limestone [20]. However, in terms of alkali
activation of limestone as only precursor, only few studies are available in the literature with
relatively few details [21]-[23]. In this respect, Ortega-Zavala et al. [21] have studied the
activation of limestone using a mix of commercial sodium silicate and sodium hydroxide.
They have shown that limestone can be used as a precursor to produce AAM with
compressive strengths ranging from 15 to 25 MPa after 360 days [21]. The reaction products

in the obtained system was found to be a mixture of silica gel, calcium silicate hydrate (C-S-



74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

H), sodium calcium silicate hydrate (N-C-S-H), sodium silicate gel (N-S-H) and crystalline
phases such as thermonatrite and pirssonite [21].

The use of limestone as the only precursor for AAM formulation reduces considerably the
CO; emissions and the energy requirements [21], nonetheless, both the environmental impact
and the economic costs could be more limited by using a waste product rather than limestone.
Such seems to be the case of seashell waste which is similar to limestone since its main
component is calcium carbonate (CaCO3) [24].

Seashell waste is considered as a fishery industry by-product and many countries worldwide
are suffering from millions of tonnes of it, where its management is becoming increasingly
difficult [25]. Indeed, while only few amounts of seashell waste are re-used as fertilizers and
handicrafts, most of this waste ends up being landfilled without any treatment. This results in
foul odors due to the decay of the remaining flesh in the shells and the microbial
decomposition of salts into toxic gases such as hydrogen sulfide and ammonia [26]. In aiming
to valorize seashell waste in construction materials field, several investigations have been
devoted to studying the feasibility of incorporating this waste in mortars and concrete either
as aggregates or as additive powder for partial substitution of OPC [27]-[29], but the
activation of seashell waste powder to prepare a green binder has not been addressed
previously in the literature. Therefore, this paper presents the first results on the alkali

activation of seashell waste to formulate an alkali-activated mortar.
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2. Materials and methods

2. 1 Materials

2.1.1. Seashell waste

The seashell waste (SW) used in the present investigation is the queen scallop shells. They
were provided in aggregate form by the suppliers of sea products of the north-west of France.
The seashells were cleaned and dried at 40 °C during 24 hours to eliminate all visual flesh
traces and impurities before being crushed with a drum compactor. In order to obtain SW
powder, the received SW aggregates were crushed again by the Los Angeles abrasion
machine and sieved through 63 microns sieve (Fig. 1). The obtained SW powder is
characterized by a density of 2635 kg/m® and a specific surface area (Blaine) of 0.43 m%/g.
Using a laser diffraction particle size analyzer, its dio, dso, and dgo were found to be 2.88,
23.38 and 49.48 pm, respectively (Fig. 2(a)). As it can be seen in the image from optical
microscope (Fig. 2(b)), SW powder is a mix of an irregularly platy shaped particles. The

slender of the platy particles is due to the thin layered structure of seashells.

The thermal gravimetric analysis (TG/DTG) results presented in Fig. 3 indicate that SW
powder is mainly composed of naturally precipitated calcium carbonate (CaCOs). This is
confirmed by the chemical composition listed in Table 1, and the X-ray diffraction (XRD)
pattern illustrated in Fig. 4. Furthermore, the XRD results show that the crystalline form of
CaCOs in SW powder consists primarily of calcite (94.8 % by volume) with 5 % of aragonite

and some traces of vaterite (0.2 %).
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2.1.1. Alkaline solution

Sodium silicate solution (SS) with molar ratio (MR) SiO2/Na>O of 2.1 was used to prepare the
alkali-activated SW pastes and mortars. The chemical composition of SS is depicted in Table

2.

2.1.1. Aggregate

The aggregate used for mortars formulation is a natural river sand (0-4 mm) with a fineness

modulus of 2.7 and a density of 2750 kg/m?.

2. 2. Formulation and curing modality

It is commonly known that the alkaline solution percentage plays a crucial role on the
rheological and the mechanical properties of AAM. In fact, the whole process of the alkali
activation depends on the alkaline solution content which affects the dominant factors
influencing the performance of AAM, such as the alkali salts percentage and the water to
binder ratio (w/b). For this raison, it was decided, as a preliminary study, to optimize the
alkaline solution content for AASW mortars formulation by varying the SW to Activator (SW
/ dry extract of SS) and w/b ratios with keeping both the molar ratio Si02/Na2O of the alkaline

solution and the SW powder finesses constant.

To this end, three AASW mortars, named M 2.5, M 3 and M 3.5, were prepared with a
SW/Activator ratio of 2.5, 3 and 3.5, respectively. The SW powder weight (450 g) as well as
the molar ratio SiO2/Na>O of the alkaline solution (MR of 2.1) and the aggregate weight
(1350 g) were kept constant for the three mixtures (Table 3). In addition to the mortars,
simples of AASW pastes, named P 2.5, P 3 and P 3.5 were also prepared with the same paste

formulation of M 2.5, M 3 and M 3.5, respectively. The pastes were characterized by the X-
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ray diffraction (XRD), the thermogravimetric (TG/DTG) and the Fourier-transform infrared
spectroscopy (FTIR) analyses. The mixing process of mortars was done in 5 minutes through
two phases: (1) Mixing the SW powder and SS in the mixer during 1 minute at low rotation
speed followed by 1 minute at high rotation speed; (2) Adding the sand to the paste and
mixing for 1 minute at low rotation speed followed by an additional 2 minutes at high rotation
speed. The mortars were then cast into standardized 4x4x16 mm moulds and compacted with
60 jolts using a jolting apparatus. Afterwards, they were placed in a ventilated oven for 48
hours at 60°C. After demoulding, the mortars were stored in a controlled hygrothermal room
at 23*2°C and 50*° % RH (Relative humidity).

On the other hand, pastes preparation was also carried out in 5 minutes using 1 minute of low-
speed mixing and 4 minutes of high-speed mixing. The paste simples were cast into plastic
cylinder moulds of 3 cm diameter and 6 cm height. The same curing protocol adopted for

mortars was identically applied for pastes.

2. 3 Characterization methods

At the fresh state, the workability of mortars was assessed using a flow table test according to
the ASTM standard C230 / C230M — 08. At the hardened state, the compressive and flexural
strengths of AASW mortars were tested after 3, 14 and 28 days of curing. The mechanical
tests were carried out with an automatic hydraulic press machine at a loading rate of 2.4 kN/s
and 0.05 kN/s for compressive and flexural strengths, respectively. The apparent density and
the water porosity of mortars at 28 days were determined using the vacuum saturation method
in accordance with NF P 18-459. As mentioned above, XRD analysis as well as TG/DTG and
FTIR tests were conducted on AASW pastes to characterize the reaction products of the
binder activation. Hence, AASW pastes were crushed at 28 days into fine powders by a

planetary ball mill (Retsch™ PM 400 Model) before being tested. The FTIR test was carried
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out via a Bruker Tensor 27 FT-IR equipment where infrared spectrums were recorded
between 600 and 4000 cm'. TG analysis of both SW powder and AASW pastes was
performed with NETZSCH instrument (STA 449 F5 Jupiter). The heating rate was fixed at
5°C min’! and the obtained data were analyzed by NETZSCH Proteus software.

XRD measurements were performed at room temperature with a D8 Advance Vario 1 Bruker
(A two-circle diffractometer, 0-20 Bragg-Brentano mode), equipped with a Ge (111)
monochromator to obtain a monochromatic Cu Ka radiation (A = 1.54059 A). XRD data were
recorded for 20 varying from 15° to 80° for 2 sec per 0.01° step (4 h/scan). NIST SRM-660b
LaBs standard powder (NIST SRM-660b) was used to calibrate the instrument [30]. Phase
identification were carried out using the Crystallography Open Database [31] and MAUD

software [32] was used for the Rietveld quantitative analysis.

3. Results and discussion

3. 1 Mechanical strengths

The compressive and flexural strengths of the three AASW mortars at 3, 14 and 28 days are
shown in Fig. 5. As expected, the effect of SS percentage was found to be significant on the
mechanical performance of mortars. However, while the best mechanical strengths were
anticipated for mortar with the highest Activator content (M 2.5), the opposite was the case.
In fact, the false anticipation assumed that the effect of the Activator content is more crucial
than that of w/b when the latter is in the range of 0.36 and 0.46, but the experimental results

showed the opposite pattern.

The recorded compressive strengths of M 2.5, M 3 and M 3.5 at 28 days were 14.9, 17.8 and
22.2 MPa; while their flexural strengths were 4.5, 5.2 and 5.5 MPa respectively. Since the
activated precursor consists of only SW waste powder, the obtained mechanical strengths can

be considered as promising results, especially those obtained for M 3.5. As a comparison, the
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compressive strength achieved for M 3.5 is higher than that reported for alkali activated
limestone-based mortars in previous study, which was around 19 MPa [21]. Furthermore, this
strength was obtained after 360 days; while the best results at 1, 14 and 28 days were up to 8
MPa [21]. Given that the reported alkali activated limestone-based mortars were cured at
60°C for 24 hours, the relatively high compressive strengths obtained at early age in the
present study suggests that extending the heat curing to 48 hours should be very beneficial
regarding the early age mechanical properties. This is in agreement with the observation
reported by Perez-Cortez et al. [20], where it was found that heat curing of alkali activated

metakaolin-limestone mix at 60°C for 24 h was insufficient to complete the reaction process.

The lowest mechanical results at 3, 14 and 28 days were obtained for M 2.5 which is prepared
with the highest SS content and consequently, the highest w/b ratio (0.46). In addition, a
proportional decrease in mechanical properties with increasing SS percentage (decreasing
SW/Activator) was recorded. This may be due in part to the fact that high w/b ratio
contributes to increasing the mortar porosity via the evaporation of the free water during the
whole curing period. The proposed interpretation can be supported by the water porosity
results discussed later. Fig. 6 Shows the failure mode of AASW mortars under uniaxial
compression test at 28 days. The obtained failure pattern for the three mortars is a semi-
explosive mode with little damage to compression faces. This satisfactory failure is
commonly observed for conventional mortars, and it confirms the compression test reliability

and the homogenous structure of the AASW mortars.

A similar evolution kinetic with an enhancement trend over time for both compressive and
flexural strengths was obtained for the three AASW mortars. The strength increasing over
time is due to the evolving pattern of the alkali activation reactions, and it is a positive
indicator of SW powder reactivity. Indeed, the strength gains are obviously the result of

chemical products formation which begins with the dissolution of the calcite (CaCO3) from
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SW powder to give place to Ca’* ions. These latter, in presence of a saturated CO> and
sodium silicate medium, promotes the formation of hydrate gels and crystalline phases [22].
As reported in previous studies where calcite-rich powder was included in the alkali activation
process, the formation of these chemical products leads to the mechanical strength gain over
time [20]—[22]. The formation and the identification of the involved chemical products will be

described later in the section devoted to AASW paste characterization.

3. 2 Water porosity and apparent density

The apparent density and the water porosity results of M 2.5, M 3 and M 3.5 are presented in
Fig. 7. As it can be seen, AASW mortars showed an apparent density up to 2 g/cm® and a
proportional increase with respect to the SW/Activator ratio was recorded. It is worth noting
that the low density of AASW mortars compared to conventional OPC or geopolymer-based
mortars is the results of the low density of SW powder [16]. In the other hand, the water
porosity values were found to range between 16.5 and 22.3% but rather with a decreasing
trend with the augmentation of SW/Activator ratio. These results are fully consistent with the
obtained mechanical performances, where the highest mechanical strengths were recorded for
mortars with the lowest porosity and vice versa. In order to clarify the effect of the alkaline
solution amount in the porosity of AASW mortars, the water porosity values versus w/b ratio
are illustrated in Fig. 8. Obviously, a strong linear relationship can be observed which
confirms the mechanical results interpretations advanced previously. Indeed, the alkaline
solution excess in the mixture implies an increase in the free water evaporation during curing
which promotes the formation of micro-cracks in AASW matrix and results in more porous
structure, and consequently, lowest strengths. This explanation is supported by the
microscopic images (Fig. 9) of the AASW mortar where the presence of micro-cracks in the

AASW matrix were observed even with the optimal mixture (M 3.5). The microscopic images

10
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also reveal a crucial detail regarding the compatibility between the AASW binder and the
natural river sand. In fact, a good adhesion between the two phases can be seen in the images
which explains in part the promising strengths obtained for this new mortar. It should be
noted that no visual sign of degradation or efflorescence formation was observed in the
surface of the mortars, which is a positive indicator in terms of the physical stability of

AASW mortars.

3. 3 Characterization of the reaction products

3.3.3. TG/DTG analysis

Fig. 10. displays the TG/DTG curves of AASW pastes and SW powder. In each graph, the
results of AASW pastes were presented with those of SW powder in order to provide a clear
vision on the precursor transformation through the alkali activation process. From these
graphs, it can be noticed that the three AASW pastes show a first mass decline between 20
and 200°C which is reflected in a DTG peak at around 110°C. This mass loss corresponds to
three phenomena that can take place in the temperature range of 20-200°C: (1) the
evaporation of free water in the mix; (2) the dehydration of hydrates gels such as C-S-H, N-S-
H and N-C-S-H, that usually emerge in alkali-activated rich-calcite systems [21] ; (3) the

dehydration of the formed carbonates such as gaylussite and pirssonite [22].

The specific DTG peak of C-S-H dehydration, reported generally in OPC-based materials and
AAM at a temperature of 75-95°C, was not observed separately in our study [33], [34]. This
is due to the dominant peak of free water evaporation in one hand and the relatively low
amount of C-S-H in the AASW systems in the other hand. Nevertheless, the presence of C-S-
H phases was revealed by the FTIR spectroscopy analysis that will be discussed later. It is

noteworthy that the slight difference in the rate of the first mass loss is in accordance with the

11
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SW/Activator ratio (SS percentage) of the AASW pastes, where the highest mass loss is
attributed to P 2.5 while the lowest one was recorded for P 3.5. These results confirm once

again the presence of more free water in M 2.5.

At around 500°C, a second mass loss was occurred for all AASW pastes, with a DTG peak at
715°C. Then, a third mass loss was recorded in the temperature range of 750-800°C,
corresponding to a DTG peak at 770°C. The emergence of these two DTG peaks is solid
proof of the SW powder reactivity. Indeed, the peak at 770°C is due to the decarbonation of
unreacted CaCOs originating from SW powder; but the one at around 715°C is attributed to
the decomposition and melting of NaxCa(CO3)2. These double carbonates (NaxCa(CO3)2) are
the result of the dehydration of the precipitated carbonates (gaylussite and pirssonite) formed
from CaCOjs reaction with the alkaline solution. The thermal dehydration and decomposition

of gaylussite and pirssonite can be summarized as follows [22], [35], [36]:

(1) Gaylussite:
Na.Ca(C0.). 5H.0 00 & Na.ca(co.). +5H.0
a, a( 3)2' 2 - va, a( 3)2 2
[wiaf
NaZCa(C03) O BN Nc12C03 + CaO + CO2 1
(2) Pirssonite:

.
Na,Ca(CO,), 2H,0 O R n Na,Ca(CO,), +2H,0

50
Na,Ca(C0,) O ’0E. Na,cO, +ca0 + CO, 1

Furthermore, a remarkable shift of the calcite decomposition peak from 850°C (in powder
form) to 770°C (in activated form) was observed for all AASW mixtures. The observed
behavior is in good agreement with the findings of Malik et al. [37] which showed that the
decomposition temperature of CaCOs tends to decrease in the presence of alkaline salts.

Similar conclusions were also reported by Anbalagan et al. [38] and Avila-Lépez et al. [22].

12
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At around 850°C, a fourth DTG peak was only detected for P 2.5 sample that is prepared with
the highest SS content. The mass loss corresponding to this peak was far lower than those of
carbonates (around 2%). The emergence of this peak in only P 2.5 indicates that the
considerable amount of unreacted SS in the mixture is the cause of this fourth mass loss. In
fact, this peak may be due to the decomposition of crystalline products formed from the
amorphous SS during heat curing. In a published study on the phase evolution of sodium
silicate solution under heat treatment [39], it was found that heating the amorphous sodium
silicate gives rise to the formation of cristobalite [39]. In addition, Bloise et al.[40] found that
the collapse cristobalite structure occurs at 850°C, which is the temperature at which the
fourth peak in P 2.5 sample is observed. This interpretation regarding the emergence of the
fourth peak is evidenced by the X ray diffraction results presented in the next section, where

the presence of cristobalite phase in P 2.5 was revealed.

3.3.3. XRD analysis and FTIR spectroscopy

The XRD diffractograms of P 2.5, P 3 and P 3.5 at 28 days are presented in Fig. 11. The
calculated pattern (red line) is superimposed on the observed profile (coarse line) while the
difference curve (Iobs-Icaic) is shown at the bottom of the figure. The general agreement R-
factors are up to 10%, which indicates a high goodness of fit between the model and the

experimental data.

The XRD patterns reveal that the crystalline products in the AASW systems consist in
gaylussite (NaxO(CO3)2(H20)s), pirssonite (Na,O(CO3)2(H20)s), portlandite (Ca(OH)2) and
thermonatrite (Na,O(CO3):H20. For the three mixtures, Gaylussite was found to be the
dominant crystalline phase with a volumetric percentage of 55.3, 38.3 and 66.4% for P 2.5, P

3 and P 3.5, respectively; while the percentages of thermonatrite in the pastes were up to 3.5%

13
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regardless the SW/Activator ratio. As regard the portlandite formation, its presence in P 2.5
was relatively high (6.9%) in comparison with the traces detected for P 3 and P 3.5 (0.3%).
This result suggests that the high water content in P 2.5 mixture may favorize the formation of
portlandite. Ortega-Zavala et al. [21] suggested that the formation of carbonates can decrease
the porosity of the alkali activated limestone pastes, which results in a dense matrix and,
consequently, a higher compressive strength. This seems to be the case in the present study
given the promising performances obtained for AASW mortars, especially those of M 3.5.
Considering the TG/DTG results of P 2.5, which revealed the formation of cristobalite from
the excess of amorphous SS, the XRD pattern of P 2.5 confirms the presence of this
crystalline silicon dioxide phase. Indeed, eminent reflections of cristobalite was observed only
in P 2.5. It is important to point out that the obtained low percentage of cristobalite is

consistent with the mass loss recorded in the TG test.

As shown above in TG/DTG curves, a portion of calcite and aragonite remained unreacted
after activation, and their overshadowing intense reflections remained in the XRD
diffractograms of AASW pastes. However, the comparison between the crystalline structure
of the calcite in SW powder and that in AASW pastes reveals that the unreacted calcite in the
activated system was not completely unaffected by the alkaline solution (Fig. 12). The
adopted technique for the assessment of the crystalline structure of CaCOs3 consists in using a
harmonic texture model (included in the Rietveld fit) with a fiber component as implemented
in Maud. This allows to accurately reproduce the diffracted intensities of the calcite in both

SW powder and AASW pastes. It is noteworthy that the refined textures presented in Fig. 12

correspond to ¢ axes perpendicular to the sample plane, with the d/b axes at random around

c, i.e. ¢ <006> fiber texture component.

As it can be seen in the presented calcite pole figures, the maximum orientation density of the
{006} pole figure was found to be around 2.1 m.r.d for SW powder while a lower maximum
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orientation densities were recorded for AASW pastes (around 1.2 and 1.3 m.r.d). The
decrease of texture strength of calcite in the AASW pastes compared to SW powder is due to
the effect of the alkaline solution in the ductility of the CaCOs crystals which lead to the
increase of calcium dissolution and/or decomposition. This adequately explains the shift of
the DTG peak of the calcite decomposition observed above and confirms that the

decomposition temperature of calcite tends to decrease in alkaline medium.

The intense reflections of calcite and the low crystallinity of C-S-H have both prevented the
detection of C-S-H in the XRD diffractograms. Nevertheless, the formation of C-S-H in
AASW systems was revealed with the FTIR spectroscopy results, presented in Fig. 13 and
Table 4. As it can be seen in the displayed FTIR spectrum, AASW pastes exhibit an
absorption band at about 981 cm’! which is attributed the to the stretching vibrations in Si-O
bonds in Q? tetrahedra of the C-S-H gel [21], [41]-[43]. In addition, the band at 2504 cm,
observed in SW powder spectrum, was not detected in AASW pastes. This band is commonly
observed in the bivalve shells such as mussel, oyster and scallop shells, and it corresponds to
the harmonic vibration in 2vz + va4, C-O bonds [44]. The absence of this band in the activated

mixtures reveals the dissolution of CaCOs3 to form C-S-H and carbonates.

The bands initially observed in SW powder spectra at 712, 864, 1392 and 1412 cm™ were
found to persist in the AASW mixtures with only slightly shift in wavenumbers (between 8
and 12 cm™). These bands are typical characteristics of (CO3)> functional group of both the
SW powder and the formed new carbonates in the activated systems [43]-[47], and their
persistence is in good agreement with the TG/DTG and the XRD results. Moreover, the slight
shift of these bands in the AASW pastes can be explained by the structural transformation of
the unreacted CaCOjs in presence of alkalis as discussed above as well as the formation of new

carbonates.
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At 667 cm™! and 2343 cm’!, low-intensity bands were detected in the three pastes. The first
band (667 cm™) is assigned to the bending vibrations in Si-O-Si bonds which indicates the
formation of silica gel via the condensation of the unreacted SS [21]; while the band at 2343
cm! is attributed to the v3 C-O asymmetric stretching mode in CO, molecule [48], [49]. The
presence of carbon dioxide in the pastes was promoted by their relatively high porosity which

allows CO; to be more readily absorbed.

4. Concluding remarks and future perspectives
This paper presents the first results obtained on alkali-activated mortars based on seashell
waste as precursor. The physical and the mechanical characterizations of the prepared mortars
as well as the analysis of the emerged chemical products have yielded some promising
findings which are summarized as follows:
* (Calcite-rich SW can be valorized as a precursor for the preparation of alkali-activated
mortar with a compressive strength of 22 MPa at 28 days.
* The mechanical properties and the porosity of AASW mortars were dominated by the
w/b ratio rather than by the activator content.
* The activation of SW by a sodium silicate solution with a molar ratio SiO2/Na>O of
2.1 results in AASW matrix composed by a mix of unreacted SW particles as well as
gaylussite, pirssonite, thermonatrite, portlandite and C-S-H.
* The type and the proportion of the formed chemical products in AASW depend on the
SS percentage in the mix. Furthermore, an excess of SS in the mix favorizes the
formation of cristobalite crystals.
* The TG/DTG results, and those of XRD and FTIR analyses provided solid proof of the
SW alkali-reactivity and they led to explain the decrease of CaCO3; decomposition

temperature in presence of alkalis.
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* In terms of mechanical strengths and water porosity, the optimal AASW mortar was
achieved with MR of 2.1, SW/Activator of 3.5 and w/b of 0.36.

* The microstructural images of the optimal mortar revealed a good compatibility
between the AASW paste and the natural river sand, and no visual sign of degradation
or efflorescence formation was observed in the surface of the mortars.

With a compressive strength of 22 MPa at 28 days, and around 16 % of porosity, the

AASW mortar proposed in the present work can be considered as a cost effective and

sustainable building material. Moreover, it seems to be able to cover a large range of

applications in civil engineering industry. Nevertheless, this study should be
supplemented by further investigations such as the effect of the curing modality, the
finesses of the SW powder and the type of activator on the performance of AASW binder.

Investigations on the durability of this type of mortars are also required to establish a real

alternative to conventional mortars.
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Fig. 11. XRD patterns of AASW pastes: (a) P 2.5, (b) P 3 and

(c)P3.5.
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Fig. 12. Pole figures of calcite: (a) SW Powder, (b) P 2.5, (c)P 3 and (d) P 3.5.
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Fig. 13. FTIR spectra of SW powder and AASW pastes at 28 days.
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Table 1. Chemical composition of SW powder.

10

11

12

13

14

15

16
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Chemical elements g.kg!
Ca 368

S 6.80%02
Na 3.90*01
Mg 1,100
Fe 0.80%0%
Sr 0.68%002
K 0‘33t0.04
Al 0.26%006
Ni 0.07%001
Mn 0.018%0:002

Table 2. Chemical composition of SS.

Si0z (%wt.)

NaxO (%wt.)

H>O (%wt.)

Sodium silicate
(NaQSiO3)

25.5

12.8

61.7
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25
26

27

Table 3. Mix proportions of alkali activated SW mortars and pastes.

Samples  Mixtures MR SW SW  Sand SS w/b*  Flow
type Activator ® (@ (2 (mm)
Mortars M 2.5 2.1 2.5 450 1350 470 0.46 157
M3 3 392 0.40 123
M35 3.5 336 0.36 108
Pastes P25 2.1 2.5 450 - 470 0.46 -
P3 3 392 0.40
P3.5 3.5 336 0.36

*b: total weight of SW powder and the dry extract of SS (Activator).

Table 4. Absorption bands obtained for SW powder and AASW pastes along with their

assignment.
Spectral position Assignment References
667 cm’! 3 Si-O-Si [16], [45]
712 cm’! v4 C-0 (CO5%) [39], [40]
864 cm! v2 C-0 (CO3%) [39], [41]
981 cm’! v Si-O (C-S-H) [16], [36]-[38]
1392 cm’! v; C-0 (COs%) [39]
1412 cm’! v3; C-0 (COs%) [38], [39], [42]
2343 cm’! v3 C-0O (COy) [43], [44]
2504 cm’! 2vs +v4 C-0 (CO3Y) [39]
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