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Evaluating an Eco-Olivine Nanosilica as an Alternative
Silica Source in Alkali-Activated Composites

X. Gao'; Q. L. Yu?; A. Lazaro®; and H. J. H. Brouwers*

Abstract: In this study, an eco-olivine nanosilica is produced from natural olivine, and then used as an alternative silicate source in syn-
thesizing the silicate-based alkali activator. The effects of silicate origin and dosage on activator characteristics, fresh behaviors, gel structure,
strength, porosity, and shrinkage are investigated. The results indicate that the soluble silica content in the alternative activators is above 98%;
compared with the traditional waterglass-based mixes, the nanosilica-derived ones exhibit similar behaviors in the early age reaction, gel
structure, and mechanical properties. As some important engineering properties, nanosilica-based mixtures also exhibit increased workability,
prolonged setting time, slightly increased porosity, and shrinkage. Thus, by using this alternative silica source in alkali-activated materials, a
more sustainable product with less cost and carbon emission can be achieved, and with comparable key performances. DOI: 10.1061/(ASCE)

MT.1943-5533.0002169. © 2018 American Society of Civil Engineers.
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Introduction

In order to reduce the negative impacts of the cement industry in
carbon emissions, consumption of natural raw materials, and high
energy costs, great attention has been paid on applying alkali-
activated materials as alternatives to portland cement (Shi et al.
2011; Torgal et al. 2008; Gao et al. 2015a). This new type of binder
material exhibits excellent mechanical properties, durability, and
thermal resistance, in general (Provis et al. 2015; Shi et al.
2015; Huiskes et al. 2016; Fernandez et al. 2007), together with
reduced energy costs and carbon emissions (Rashad 2013). The
reaction products can be classified into two types depending on
the input materials: C-A-S-H—type gels with high alumina content
and relatively low calcium-to-silica ratios (Brough and Atkinson
2002); and N-A-S-H-type gel within three-dimensional zeolitelike
networks (Li et al. 2010; Tennakoon et al. 2015). Besides, a mixed
binder system that combines both types of gels raised research in-
terests recently, because the stable coexistence of C-A-S-H- and
N-A-S-H-type gels results in several modified properties including
the setting times, workability, shrinkage, mechanical properties,
and durability (Lee and Lee 2013; Gao et al. 2016; Sugama
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et al. 2005), and those improvements make this material competi-
tive for applications.

The alkali activators play a dominating role in the reaction
process; actually, any soluble substances that can supply alkali
metal cations, increase the pH of the solution, and accelerate the
dissolution of the solid raw materials can be used as activators.
The commonly used ones are alkali hydroxides, silicates, carbon-
ates, sulfates, aluminates, or oxides. Among these activators, it is
widely accepted that silicate-based ones usually result in ideal
mechanical properties with a much lower porosity (Shi 1996;
Winnefeld et al. 2015; Wang et al. 1994; Puertas and Carrasco
2014) compared with other types of activators. This type of acti-
vator benefits the performances by offering alkaline conditions in a
moderate and continuous manner; meanwhile, the additionally pro-
vided silicate from the activator will participate in the formation of
reaction products and refine the microstructure (Duxson et al. 2005;
Gao et al. 2015b).

However, although alkali-activated materials show an advantage
over portland cement in sustainable development, the silicate-based
activator still contributes a lot with respect to energy consumption
and carbon emission in alkali-activated materials (Lellan et al.
2011). The production of sodium silicates includes the melting
of sodium carbonate and quartz sand at high temperatures, over
1,000°C, and this process results in a total carbon dioxide release
of more than 400 kg/t (European Commission 2007). Therefore, in
order to pursue a more sustainable binder system, it is of great im-
portance to develop activators with reduced environmental impacts
while attaining high performances for the products. Efforts were
made on producing alternative activators, such as the ones based
on chemically modified nanosilica (Rodriguez et al. 2013), modi-
fied silica fume (Zivica 2006), industrial glass waste (Duxson et al.
2005), and silica fume or rice husk (Bernal et al. 2012). These alter-
native silicate-based activators could provide comparable mechani-
cal properties and similar microscale characters compared with
commercial sodium silicate—based ones. However, there are limited
mechanism studies regarding the effect of alternative silicates as
activator on the alkali-activated blended binder systems.

In this study, the feasibility of using an eco-olivine nanosilica—
based activator in alkali-activated slag—fly ash blends is evalu-
ated. This type of amorphous nanosilica can be produced by the
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dissolution of olivine, with extremely low environmental impact
and low energy costs, and hence this exhibits potential as a sustain-
able silicate-based activator. The effect of olivine nanosilica on
activator characteristics is investigated; the gel structure is investi-
gated by using the Fourier transform infrared spectroscopy (FTIR).
Important engineering and application-related properties of the
products are studied and discussed, including flowability, setting
times, mechanical properties, porosity, and drying shrinkage.

Experiment

Materials

A commercial ground granulated blast-furnace slag (GGBS, pro-
vided by ENCI, Netherlands) and Class F fly ash were used as input
solids in this study. Their chemical compositions and particle size
distributions (PSDs) are given in Table 1 and Fig. 1, respectively. A
commercial sodium silicate solution (27.69% SiO,, 8.39% Na,O,
and 63.92% H,O by mass) and laboratory-prepared olivine nano-
silica (19.04% SiO, and 80.96% H,O by mass) were used as sil-
icate sources of the alkaline activators, analytical levels of sodium

Table 1. Major Chemical Composition of GGBS and Fly Ash

Oxides (% by weight) FA GGBS
Si0, 54.62 30.23
Al, O3 24.42 12.58
CaO 4.44 40.51
MgO 1.43 9.05
Fe, 05 7.21 0.60
Na,O 0.73 —
K,0 1.75 0.43
SO, 0.46 3.47
LOI 2.80 1.94
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Fig. 1. Particle size distributions of raw materials

hydroxide pellets were also applied to modify the activator. Acti-
vators with desired moduli were prepared by adding the appropriate
amount of sodium hydroxide pellets into the silicate solution. The
mixed activator solution was cooled down to room temperature
prior to further use.

Mix Design and Sample Preparation

The activators used in this study had a sodium oxide content of 5%
by mass of the binder, and the water:binder ratio was kept constant
at 0.4 in all mixtures. The slag:fly ash mass ratio was fixed at 70:30.
The binder:sand ratio was fixed at 1:3 for all mixes. Different levels
of activator moduli within the commonly used range (from 2.0
to 0.8) were investigated for olivine nanosilica—based activators.
Activators based on commercial waterglass were used as references
to compare with olivine nanosilica—based ones. Detailed informa-
tion of the mix proportions are listed in Table 2. Samples were pre-
pared in a laboratory mixer; first the solid raw materials were
added, followed by the activating solution. Then samples were cast
and cured for 1 day, then demolded and cured at a temperature of
20°C and relative humidity of 95%.

Experiment

The workability of mortar mixtures was tested according to
European Committee for Standardization (CEN) 1015-3 (CEN
1999), and a free flow without jolting was allowed. The initial
and final setting times were measured by a Vicat needle method
as described in CEN 196-3 (CEN 2005b). Fourier transform infra-
red spectroscopy measurement was performed in a Varian 3100 in-
strument (Santa Clara, California) with the wavenumbers ranging
from 4,000 to 600 cm ! at a resolution of 1 cm~!. The compressive
strength testing was carried out according to CEN 196-1 (CEN
2005a) at the ages of 7 and 28 days. The porosity was measured
by applying the vacuum saturation technique following the descrip-
tion given in NT Build 492 (NT Build 1999). The water permeable
porosity is calculated as

P,MS_Md

=——x 100 (1)
Ms — Mw

where P = water permeable porosity (%); Ms = mass of the satu-
rated sample in surface-dry condition in air (g); Mw = mass of
water-saturated sample in water (g); and Md = mass of oven-dried
sample (g).

Drying shrinkage tests were carried out using molds with di-
mensions 40 x 40 x 160 mm? under conditions of 20°C and rela-
tive humidity of 50%; the initial length (L) was measured after
24 h, then the length (L,) was measured once per day until the
age of 28 days. The length change (L, %) was calculated as

LO_Ln

L= x 100 (2)

i

where L; = effective initial length.

Table 2. Brief Description of Mix Proportions of Alkali-Activated Slag—Fly Ash Blend with Different Activators

Activator Solid raw materials (g/cm?)
Type Na,O (by mass of the binder) (%) Ms (SiO,/Na,0) Slag Fly ash Sand w/b
A: WG + NaOH 5 1.8 315 135 1,350 0.4
5 1.4 315 135 1,350 0.4
B: NS + NaOH 5 1.0 315 135 1,350 0.4
© ASCE 04018016-2 J. Mater. Civ. Eng.
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Fig. 2. (a) X-ray diffraction pattern of the produced olivine nanosilica (a 20% addition of quartz was added to the olivine to correct the diffractogram
for the displacement and used as internal standard); (b) TEM image of produced olivine nanosilica

Results and Discussion

Production of Olivine Nanosilica—Based Activator

The production of this alternative activator consists of two steps,
first the synthesis of olivine nanosilica, and then the dissolution
of nanosilica in alkali solutions. The olivine nanosilica is produced
by dissolving olivine mineral [(Mg, Fe),SiO,] in acid. Olivine is
the most common silicate mineral in the upper mantle and a
common mineral in the Earth’s crust, which makes it low in price
and widely applicable. In this study, amorphous silica was pro-
duced by mixing olivine stone with 3M sulfuric acid at 95°C for
periods of time between 4 and 6 h. The grounded olivine used
had a particle size ranging between 100 and 500 um and a purity
of 89% by weight. A chemical analysis is given in Lazaro et al.
(2015) for sample GL50 with some other minor minerals present
(i.e., micas, serpentine minerals, chlorite, talc, and enstatite) which
are identified in the X-ray diffraction (XRD) in Fig. 2(a). After syn-
thesis of silica, this material was cleaned by washing and filtering,
and a filter cake product approximately 20% by weight of the solid
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content of nanosilica was then obtained. The produced olivine
nanosilica had a specific surface area between 100 and 400 m?/g,
primary particles between 10 and 25 nm, and silica content above
99%. A typical transmission electron microscope (TEM) picture of
the produced olivine nanosilica is shown in Fig. 2(b), nanoparticles
with angular shape can be observed. Besides the low-temperature
procedure, the process is exothermic with a reaction heat of
223 kJ/mol of olivine (Jonckbloedt 1997).

Then, the olivine nanosilica—based activators were produced by
mixing the laboratory-prepared nanosilica cake with sodium hy-
droxide pellets and distilled water to achieve target-activator moduli.
Commercial sodium silicate—based activators were also designed to
have the same chemical composition (Na,0-nSiO,-mH,O) as refer-
ences. The particle size distributions of the olivine nanosilica-based
activator after filtering were measured, and the results show that the
well dissolved in the activators with Ms from 0.8 to 2.0 (step of 0.2)
are 99.84, 99.88, 99.75, 99.73, 99.35, 98.08, and 97.14%, respec-
tively, and no particles were found below 200 nm with the PSD
measurement. Based on their ideal silica solubility and the com-
monly used activator moduli within the literature, three levels of
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activator modulus (1.8, 1.4, and 1.0) were chosen for the later per-
formance evaluations.

Advantages of Olivine Nanosilica in Sustainability

It should be noted that in order to obtain commercial sodium
silicate solution, the melting of quartz sand requires much higher
temperature (usually over 1,000°C) and, therefore, significantly
higher energy costs and carbon emissions than the olivine nanosil-
ica process that is performed at lower than 95°C (Lazaro 2014). An
estimation of the cost of the raw materials, the energy requirements,
and CO, emissions is presented for both production processes. The
average prices of dunite, sulfuric acid, sodium hydroxide, and
waterglass with a 2.5 SiO,:Na,O and silica content of 27% by
weight are $152, $113, $400, and $555/t, respectively. The raw
material cost of silica activator produced from the dissolution of
olivine sums up to $1,148/t of silica equivalent, see Table 3 from
Lazaro (2014). On the other hand, the price of commercial water-
glass is almost twice as expensive as activators produced from oli-
vine nanosilica, making it a total of $2,166/t of silica equivalent
(Lazaro 2014; Jonckbloedt 1997).

In addition, 403 kg of CO, /t is released during the production of
waterglass, the required energy reported by several companies for
the production of 2.0 sodium silicate liquor (SiO,:Na,O ratio of
2:1) with a 48% solid content (i.e., 32% by weight of Si0O,) is be-
tween 420 and 1,250 MJ/t (European Commission 2007). Taking
the average of these two values and considering that 3,900 kg of
27% by weight waterglass is used per silica ton results in an energy
requirement of 2,800 MJ/t. The energy required during the synthe-
sis of olivine nanosilica could be negligible because the reaction is
exothermic. Thus, the energy requirement as well as the CO, emis-
sions from the olivine nanosilica production process represents an
enormous reduction as compared with the sodium silicate produc-
tion process.

Gel Structure

The Fourier transform infrared spectroscopy has been extensively
used in the characterization of the gel structure of alkali-activated
materials. Fig. 3(a) shows the infrared spectra of two starting pre-
cursors: slag and fly ash. The original slag exhibits a main vibration
band at around 900 cm™', which is associated with the asymmetric
stretching vibration of Si-O-T bonds (Rovnanik et al. 2013); a
small absorption band at around 670 cm™!, is also shown in slag,
which is assigned to the asymmetric stretching vibration of tetra-
hedral T-O groups (Kovalchuk et al. 2007). For the fly ash, absorp-
tion bands located at around 1,080, and 600 to 800 cm~! indicate

the presence of small amount of quartz (Gadsden 1975) and the
main vibration band is located at approximately 1,020 cm™!, show-
ing a similar bond type as the slag (Si-O-T bonds). The difference
in the main band wavenumber is due to the different amorphous
phase structure within the raw materials.

Fig. 3(b) presents the infrared spectra of all six mixes after
28 days of curing, where NS stands for nanosilica-based samples
and WG represents waterglass-based samples. It is clear that after
activation, all samples exhibit a main absorption band at around
960 cm™!, which is assigned to the asymmetric stretching vibration
of the nonbridging Si-O bonds (Zhang et al. 2012). It indicates that
the reaction product is dominated by chain structures, and they are
generally regarded as C-A-S-H-type gels. This Si-O bond was
originally located at around 900 cm™! in the unreacted slag; an
increase in wavenumber indicates a higher polymerized Si-O net-
work. The absorption bands at around 1,400 cm™" in all mixes cor-
respond to the stretching vibrations of O-C-O in carbonates (Bernal
et al. 2011), which suggests that a certain degree of carbonation
occurred during the curing process. It can be noted that the typical
reaction products (N-A-S-H—type gels) from alkali-activated fly ash
that usually exhibit a bridge T-O-Si bond at around 1,000 to
1,100 cm™! are not obviously observed in this study, revealing that
the reaction products are a chain structure—dominated phase with
relatively low polymerized degree. The presence of bound water is
observed at approximately 1,650 cm™! in all mixtures. As can be

Slag

670

900 Fly ash

1020

600 800 1000 1200 1400 1600 1800 2000

(a) Wavenumbers (cm™?)

Table 3. Estimated Costs of Sulfuric Acid, Olivine, and Sodium | eeeestseer,
Hydroxide for the Production of 1 t of Olivine Nanosilica s s < - ! [ I,
e~ e - T
Cost Symbols Amount - \:/ AN NS-1.0 : :
Cost of acid nys (kmol) 16.64 " sl ---Ns14 | I
ninsos (kmol) 33.29 I NS-1.8 : :
Mmsos (Kg) 4,250 I eeeenne WG-1.0 | I
Ciiosos ($) 645 : —— WG-14 : :
Cost of olivine n, (kmol) 16.64 : - = WG-1.8 : :
me; (kg) 3,355 j j j ' '
Cor (9) 377 600 800 1000 1200 1400 1600 1800
1
Cost of NaOH maon (kg) 313 (b) Wavenumber (cm™)
Cnaon () 125 Fig. 3. (a) Fourier transform infrared spectroscopy spectra of input ma-
Overall cost Cru $ 1,148 terials; (b) FTIR spectra of the reaction products
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noticed, the increase of activator modulus results in a slight shift
of the main absorption band toward lower frequencies, and rela-
tively high amplitude of the main absorption bands can be observed
in mixes with a higher activator modulus, a reduced polymeriza-
tion degree of the Si-O bonds and increased total amount of the
terminal Si-O structure within the reaction products. The generally
fixed positions of main absorption bands reveal that the gel struc-
ture of alkali activated slag—fly ash blends remains stable, whereas
slight changes can be caused by the activator modulus, and com-
pared with the commercial waterglass, the additional silicate pro-
vided by olivine nanosilica shows negligible effect on the gel
characteristics.

Workability and Setting Times

The slump flows of the fresh alkali-activated slag—fly ash mortars
with different activator type and modulus are presented in Fig. 4. It
is clear that mixtures with olivine silica—based activators present a
higher workability than the commercial sodium silicate—based
ones, and samples with higher activator moduli exhibit higher flow-
ability in general. For instance, with a constant activator modulus of
1.0, the slump flow is 15.6 and 17.7 cm for the waterglass and oli-
vine silica—based activator, respectively. Similar results are also
shown in mixes with other activator moduli. The relatively high
workability due to the usage of nanosilica as alternative silicate
source in the activator is also reported in a previous study silica
(Rodriguez et al. 2013), where a chemically modified nanosilica
was used. This can be explained by the silicate origin in the acti-
vator. In the case of commercial sodium silicate solutions, the
higher the contents of available oligomers are in the solution,
namely a lower modulus or higher pH, the faster the reaction rate
will be. Therefore, this leads to a reduced flowability by increasing
the viscosity of the fresh paste.

The activator modulus also showed an obvious effect on the
flowability, as can be seen from Fig. 4, that the slump flow in-
creases from 17.7 to 23.5 cm (for nanosilica-based ones) when
increasing the activator modulus from 1.0 to 1.8. It is commonly
known that an increased silicate content in the sodium silicate sol-
ution will result in an increase in the viscosity (Provis and Deventer
2009). Therefore, the mixture with a higher activator modulus

30

WG+NaOH B NS+NaOH
25 1

20

15 4

Slump flow (cm)

10 4

1.4 1.8
Activator modulus

Fig. 4. Slump flows of alkali-activated slag—fly ash mortars with
different activator conditions

should exhibit a lower workability, whereas here the slump flow
results were inversely related to the activator modulus. This phe-
nomenon suggests that the chemical reaction between the solution
and the raw materials plays a more significant influence on the
flowability than the viscosity of the activating solution alone.
The initial and final setting times of all mixes are depicted in
Fig. 5. It should be noted that for each column, lower values present
the initial setting time and higher ones refer to the time of final set-
ting. It can be seen that the nanosilica-based activators present lon-
ger setting times than the commercial sodium silicate-based ones,
and mixtures with a lower activator modulus exhibit a faster setting
time in general. For instance, the nanosilica-based mixes show an
initial and final setting time of 22 and 63 min, respectively, with
an activator modulus of 1.0, and it gradually prolongs to 55 and
99 min, respectively, when the activator modulus increases to 1.8.

Compressive Strength

The 7- and 28-day compressive strengths of mixtures with different
activator moduli and silicate sources are depicted in Fig. 6. For each
individual column, higher values refer to the 28-day strength
whereas lower ones refer to the 7-day strength. All mixes show an
increment in strength between the curing age of 7 and 28 days. For
a fixed activator modulus, the olivine nanosilica—based samples
exhibit rather comparable but slightly lower compressive strengths
than the commercial sodium silicate—based ones. For instance, with
an activator modulus of 1.0, the 7- and 28-day strength is 57.9 and
70.0 MPa, respectively, for the nanosilica-based ones, whereas for
the sodium silicate—based mixes, this value is 64.7 and 75.4 MPa,
respectively. A similar tendency is also shown in other activator
moduli. Previous researches also indicate that samples synthesized
by alternative silicate sources yield a lower strength than the tradi-
tional ones (Bernal et al. 2012). This phenomenon can be explained
by the generally lower reaction degree of the input materials and
therefore less-formed reacted gels results in a lower mechanical
property (Ding et al. 2016; Shi and Day 1999). It should be noticed
that although the olivine nanosilica-based mixes exhibit lower
strengths, these values are in overall within 10% less than the cor-
responding sodium silicate-based ones. Their 7-day strengths
range from 55.5 to 66.3 MPa and the 28-day strengths are from
67.3 to 76.8 MPa, which are still suitable for various applications.
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Fig. 5. Effect of activator conditions on setting times
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Fig. 6. Compressive strengths at 7 and 28 days of alkali activated slag—
fly ash blends with different activator conditions

It is well known that the activator modulus plays an important
role in determining the compressive strength. The additional sili-
cates from the activator participate in the reaction process and in-
fluence the Si:Ca and Si:Al ratios of the reaction products. The
commonly used Na,O content for slag activation is around 3 to
6% by mass of the binder (Wang et al. 1994), whereas this value
can be much higher in the case of alkali-activated aluminosilicates
(Santaquiteria et al. 2012; Duxson et al. 2007; Silva et al. 2007).
The used activator modulus is usually from O (only NaOH) to
around 2.0 (Wang et al. 1994; Shi et al. 2017). It is important
to notice that in terms of the effective silicate content, a large
amount is provided by the activator. For instance, the silicate pro-
vided by the activator consists of around 14 to 25% of the total
silicate in this study. Therefore, an efficient utilization of the addi-
tional silicate or using alternative silicate source is of great interest
in terms of the costs and the environmental issues of this material.
It can be seen from Fig. 6 that for mixes based on olivine nano-
silica, the 7-day strength is 57.9 MPa with an activator modulus of
1.0, and it increases to 66.3 MPa when increasing the activator
modulus to 1.4. A further increase of the modulus to 1.8 leads
to a reduction of strength to 55.5 MPa. A similar tendency is also
shown in the strength at 28 days, samples with an activator modu-
lus of 1.4 exhibit the highest strength of 76.8 MPa. The presence
of the optimal strength implies that there exists an optimum addi-
tional silicate content based on a certain composition of the input
material. However, it is difficult to quantify this relation because
several factors besides the total Si:Ca and Si:Al ratio also show an
influence on compressive strength, such as the mineral composi-
tion, amorphous phase content and fineness of the input materials,
alkali concentration, curing conditions, flowability, and porosity.
On the other hand, changing the activator moduli from 1.0 to
1.8 leads to a strength variation up to 10.3 MPa, whereas besides
the optimum strength, mixes with an activator modulus of 1.0
exhibit a slightly higher strength than the ones with modulus of
1.8. It is concluded that ideal compressive strengths can be
achieved by using suitable content of additional silicate, because
a further higher silicate content increases the cost and environmen-
tal impacts of the material but does not lead to an increased
strength.

© ASCE

04018016-6

22

NWG+NaOH  [EINS+NaOH

21 A

20 A

19 A

Porosity (%)

18

17

16

0 1.4
Activator modulus

Fig. 7. Water permeable porosity at 28 days of mixes with different
activator conditions

Porosity

The 28-day water-permeable porosities of all mixes are shown in
Fig. 7. For the olivine nanosilica—based mixes, the porosity is
20.9% with an activator modulus of 1.0, whereas it slightly de-
creases to 19.3% when increasing the modulus to 1.8. Similarly,
the porosity of commercial sodium silicate—derived samples de-
creases from 20.2 to 18.9% within the activator modulus range.
It is suggested that the gradual reduction of porosity is attributed
to the additionally provided silicate groups from the activator,
which refines the pore structure by both filler effect and partici-
pating in the resulted gels. Therefore, if porosity would be the only
consideration, adding extra silicate within a reasonable range may
always be beneficial. However, the relations between porosity and
other properties shown in this study suggest a reasonable utiliza-
tion of the additional silicates. For instance, the reduced porosity
does not always result in an increased compressive strength, and
an optimum activator modulus is shown in both cases. Regarding
the effect of additional silicate source, it is easy to understand that
commercial sodium silicate-based samples exhibit a comparable
level of porosity, because these mixes present similar strength
when compared with the olivine nanosilica—prepared ones.

Drying Shrinkage

The drying shrinkage of all mixtures until 28 days of curing is
presented in Fig. 8. All mixes exhibit an obvious length change
over time, and a higher drying shrinkage is usually shown when
compared with the portland cement, owing to the nature of
the reacted gels. It can be seen that both silicate source and acti-
vator modulus show a strong influence on the drying shrinkage.
For instance, for the olivine nanosilica—based samples, the length
change at the age of 28 days is around —2,006 x 107 for mixes
with an activator modulus of 1.0, whereas it decreases to —2,803 x
107° and —3,868 x 10~ when increasing the activator modulus to
1.4 and 1.8, respectively. A similar tendency is also presented in
commercial sodium silicate—based samples, where a reduced
shrinkage is observed. For a constant fixed activator modulus,
the alternative activator—based samples show a higher drying
shrinkage around 400 x 107°, compared with the commercial
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Fig. 8. Drying shrinkage of mixes with different activator conditions

waterglass-derived ones. The shrinkage results shown in this study
are similar or even lower when compared with the previous inves-
tigations on the drying shrinkage of alkali-activated materials
(Collins and Sanjayan 2000; Neto et al. 2008; Lee et al. 2014).
Besides, a significant increase of drying shrinkage caused by
the increased extra silicate content is also observed in another
study of alkali-activated slag—fly ash blends (Ma and Ye 2015).
It is possible that the refined pore structure caused by the addi-
tional silicate may be linked to the shrinkage behaviors due to
the self-desiccation. Therefore, if the shrinkage is the main con-
cern of a certain application, reducing the activator modulus
can be an efficient approach.

Conclusions

A green olivine nanosilica was synthesized and applied as a
silica source to produce an alternative alkali activator in alkali-
activated slag—fly ash blends. Mixes with three different contents
of additional silica were designed. Performance evaluations were
carried out including the activator characteristics, gel structure,
compressive strength, porosity, and shrinkage. Comparisons were
made with commercial sodium silicate—based mixes. The olivine
nanosilica is well dissolved in NaOH solution to prepare activators
with the same chemical composition of the sodium silicate—based
ones. The soluble silicate in the nanosilica-based activators is
above 99%; except the one with a modulus of 1.8, which, never-
theless, has a soluble silicate content of 98.1%. Compared with
the sodium silicate—based mixes, the nanosilica replacement re-
sults in an increased initial/final setting time, flowability, porosity,
and shrinkage, and slightly reduced compressive strength. Never-
theless, the changes caused by the different silicate origin are
rather limited. The investigation on the effect of activator modulus
reveals modifications of the additional silicates from activator, and
an optimum compressive strength is observed in mixes prepared
with activator modulus of 1.4. The relations between the tested
properties suggest the amount of additional provided silicate
can be tailored on the basis of a certain application purpose. There-
fore, it can be concluded that a green alternative activator can be
produced by using olivine nanosilica with much lower costs and
environmental impact while the performances remain in a simi-
lar level.
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