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Abstract: This work focuses on the reaction of dolomite fines (DM) in combination with metakaolin (MK) in alkali-activated slag (AAS), towards a better understanding of the hydrotalcite-type phase formation in this system. The strength, phase assemblage, and microstructure of AAS pastes with 40% slag substituted by a combination of MK and DM and cured at two temperature conditions (i.e., 20 C and 50 C) are studied. The results show that the DM at a less than 20% substitution ratio in AAS poses a filler effect that advances slag reaction; however, its potential chemical roles on supplementing magnesium and thus enhancing the hydrotalcite formation are highly limited. The incorporation of MK in AAS supplements aluminum but does not promote the hydrotalcite precipitation. The results suggest that the absence of portlandite in AAS restricts the dissolution and reaction of DM despite high alkalinity. The continued elevated temperature curing has a detrimental effect on the strength development of AAS with greater than 20% MK, likely due to the promoted transformation of strength-giving amorphous gel products into zeolitic crystals. The optimum percentage ratio between MK and DM lies around 1: 1 at a 40% replacement level in AAS, in term of strength achievement and stability. This study contributes to the materials selection and mixture design of slag-based alkali-activated composites with potentially enhanced chemical durability. 
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1. Introduction 
1.1 Hydrotalcite in alkali-activated slag 
Alkali-activation of ground granulated blast-furnace slag produces cementitious binders with comparable mechanical properties as ordinary portland cement (OPC) [1,2]. Although complete replacement of OPC by alkali-activated slag (AAS) binders in conventional concrete products at a global scale is unlikely due to the limited supply of high-quality slag [3], the AAS binders pose a number of superior properties which make them attractive in several specific applications [4–7]. For instance, AAS binders and concrete show stronger sulfate resistance [8,9], higher chloride binding capacity [10], and better corrosion protection on embedded reinforcing steel over the OPC counterparts [11]. As such, the AAS concrete with remarkable chemical resistance is a promising candidate for construction in highly corrosive conditions, including sewerage and marine environments. 

One of the main reasons responsible for the strong chemical resistance of AAS is the presence of a substantial amount of hydrotalcite-type phases as a main reacted product [10–13]. Some studies suggest that AAS is more resistance to chloride ingress than OPC, owing to strong chloride immobilization capacity of hydrotalcite [10,14,15]. Also, the amount of hydrotalcite plays a controlling role in the carbonation kinetics of hardened AAS [16]. As such, research interests have been oriented towards a better understanding of the factors influencing the hydrotalcite precipitation in AAS systems, as well as the methods of control and manipulation of its formation. 

1.2 Factors influencing hydrotalcite formation
Since the hydrotalcite-type phase is a magnesium aluminum-bearing hydrates with a theoretical formula of Mg6Al2(OH)18nH2O, its formation is chemically influenced by the availability of magnesium and aluminum. In hardened OPC systems, the formation of hydrotalcite is highly limited due to the minor magnesium content in the clinker composition. This is particularly due to the concerns for the volumetric unsoundness of OPC concrete made from high-magnesium clinker calcined from dolomitic limestone [17]. However, existing studies showed that the incorporation of dolomite fines considerably enhances the formation of hydrotalcite-type phases in hardened OPC systems [18,19]. As such, the composite cement with the OPC replaced by metakaolin and dolomite shows a stronger durability performance than the plain mixture, including higher chloride binding capacity and better resistance against leaching and carbonation [20,21]. Nevertheless, few studies are available regarding the potentially enhanced formation of hydrotalcite phases in AAS containing metakaolin and dolomite.

In hardened AAS, the hydrotalcite phases exist in the form of lath-like precipitates and/or in a close intermix with the gel products at a very fine scale [22]. Some studies suggest that the amount of hydrotalcite in hardened AAS is controlled by the MgO content of slag chemistry [23,24]. As such, in AAS systems containing metakaolin and dolomite, additional hydrotalcite formation may be triggered from the supplementation of reactive magnesium from dissolved dolomite. The dissolution reaction of dolomite mineral (ideally represented as CaMg(CO3)2) in an alkaline aqueous environment (e.g., take the NaOH solution as the approximate pore solution composition in AAS binder) can be written as [25–27]: 

CaMg(CO3)2 + 2NaOH→Na2CO3 + CaCO3 + Mg(OH)2                    (1)

The above reaction suggests the potential liberation of reactive magnesium in the form of brucite during alkali-activation. 

When reactive aluminum (e.g., simplified as Al(OH)3 species) is present (e.g.,, released from hydrating metakaolin and/or slag grains), the following reaction might proceed instead or concurrently: 

6CaMg(CO3)2+12NaOH+ 2Al(OH)3 + 3H2O→6Na2CO3 + 6CaCO3 + Mg6Al2(OH)183H2O (2)

It should be noted that the stoichiometric ratio of Mg/Al in hydrotalcite-type phases formed in realistic AAS is not fixed but varies typically between 1.92 to 4.35, depending on the reactant chemistry [22,23,28–30]; in addition, the intercalated anionic type of hydrotalcite (e.g., OH-, CO32-, SO42-) can be affected by the activator composition [9,10]. 

Since the aluminum supply in AAS containing metakaolin is high, the decisive chemical factor that limits the formation of hydrotalcite is likely to be the availability of reactive magnesium. As such, understanding the dissolution mechanism of dolomite in AAS would be critical to manipulate the hydrotalcite formation in alkali-activated systems. As suggested in the previous studies [25,31–33], the reaction kinetics of Eq.(1) is influenced by temperature, level of alkalinity, and presence of portlandite (Ca(OH)2). For instance, it was evidenced that the dolomite dissolution is highly restrained at room temperature but increases considerably at higher temperature [34]. As such, studying the dolomite reaction in AAS at various temperature conditions is important to identify the critical environmental parameters influencing dolomite dissolution. In addition, the absence of portlandite in AAS systems may inhibit the dolomite reaction and thus limit the hydrotalcite formation, since some works suggest that the driving force for dolomite dissolution is portlandite [18]. However, neither hypotheses have been experimentally tested in AAS systems so far. 

1.3 Research objectives
This study aims to evaluate the phase assemblage in AAS containing a combination of dolomite and metakaolin at a 40% substitution level cured at two temperature conditions. The potential dissolution of dolomite and its reaction with metakaolin and slag are investigated, towards a better understanding of the compositional and processing factors influencing the hydrotalcite precipitation in alkali-activated composites. Since a huge quantity of dolomitic rocks is not gainfully consumed by the cement industry, the use of dolomite powders as slag substitute in AAS products offers a means to further improve the sustainability of alkali-activated concrete. Enhanced chemical durability and properties of AAS with dolomite incorporation can be potentially achieved with increased hydrotalcite formation. The alkali-activation of composites containing various aluminosilicate precursors and carbonate minerals would provide a new approach to design highly durable binder systems.  

2. Materials and Methodology 
2.1 Materials and Mixture
Commercial ground granulated blast-furnace slag (SG), metakaolin (MK), and dolomite fines (DM) were used as the binder. The oxide composition, mineralogical phases, and particle size distribution, determined by X-ray fluorescence spectrometer, X-ray diffractometer, and laser diffraction analyzer, are shown in Table 1, Figure 1, and Figure 2, respectively. The SG and MK both contain mainly vitreous phases and are enriched in aluminum and silicon; however, SG has a substantially higher calcium content than MK. The DM is dominantly composed of dolomite mineral and a small amount of calcite. 

As shown in Table 2, six AAS mixtures are designed, all of which have the same 60% SG content (i.e., substitution level of 40%), 6.4% Na2O content w.r.t. solid (SG+MK+DM), and 0.52 water-to-solid mass ratio. The activator solution was prepared by dissolving analytical grade NaOH pellets in deionized water. In the reference mixtures, the remaining 40% solids are quartz powder (QP), while the other mixtures contain 40% MK and/or DM with five different MK: DM mass ratios ranging across 1:0, 3:1, 1:1, 1: 3, and 0:1. The adopted QP is slightly finer than SG but coarser than MK and DM. The solid powders were first dry-mixed for about 5 minutes, prior to pouring activating solution in a Hobart mixer. 

2.2 Compressive strength
The compressive strength of the AAS pastes was measured on 40.0 mm cubic specimens after curing in two different temperature conditions in sealed containers. In particular, after casting, the specimens were sealed in bags and kept in environmental chambers with the temperature maintained at 20 ± 0.5 ℃ or 50 ± 0.5 ℃ until the age of testing. The strength of specimens was measured at 1d, 3d, 7d, 14d, and 28d, following the testing procedure described in ASTM C109 [35]. 

2.3 X-ray diffraction 
To study the evolution of crystalline phases in AAS pastes, the PANAlytical X'Pert PRO X-ray diffractometer (XRD) in a conventional Bragg-Brentano θ-2θ configuration with CuKα X-ray (λ=1.5418 Å), generated at 40 mA and 40 kV operating conditions, was used. The bulk samples cured at the two temperature conditions with the reaction stopped at 7d and 28d by the solvent-exchange method [36] were first crushed into powders passing through 150 µm sieve and then directly analyzed under XRD. 

2.4 Thermogravimetric analysis
The thermogravimetric analysis (TGA) of the AAS pastes was conducted to help identify the amorphous and crystalline phase formation, as a supplement to the XRD technique. About 50 mg pulverized samples (the same samples used in XRD analysis) were loaded in PerkinElmer TGA 4000 system, heated from 30 ℃ to 900 ℃ in ceramic crucibles with a heating rate of 20 ℃/minute and N2 purged at 20 ml/minute. 

2.5 Scanning electron microscopy 
The Hitachi S-3400N scanning electron microscopy equipped with energy-dispersive X-ray spectroscopy (SEM/EDS) was used to examine the microstructure and chemical composition of reacted phases. The dried 28d AAS slice samples were impregnated with low-viscosity epoxy in a vacuum oven and then polished down to 1 µm, followed by carbon coating, prior to EDS data acquisition [36]. To consider the statistical variation of phase composition, more than 50 microanalysis points were acquired for each sample [37]. 

2.6 Thermodynamic simulation
Thermodynamic modeling using Gibbs energy minimization software GEM-Selektor was performed to study the phase evolution of AAS containing a combination of MK and DM, as a function of increasing level of DM reactivity. The thermodynamic databases CEMDATA 18.01 and PSI/Nagra were adopted [38], in which the CNASH model was used for the C-A-S-H that formed in AAS systems [38,39]. The Mg-Al layered double hydroxide solid solution model with variable Mg/Al ratios was considered for hydrotalcite phases. The extended Debye-Hückel equation with Truesdell-Jones form was adopted for the aqueous phase models with the specific parameters selected for NaOH-dominated systems [28]. The water activity of the solution was calculated from the osmotic coefficient and the activity coefficients for neutral dissolved species were unity. The equation of state of an ideal gas was adopted for the gaseous phase models. 

The simulation assumes the chemical equilibrium among various phases in the systems, with the SG and MK glass dissolve congruently at a 60% and 50% degree of reaction, respectively. The oxide composition of SG, MK, and DM listed Table 1, with the exclusion of Fe2O3, MnO, and TiO2, was input into the calculation. The removal of these minor elements is due to the consideration that they are either inert in the AAS chemical system or lack of appropriate thermodynamic data. The simulation was performed using 100g solid (SG+MK+DM) with the proportioned Na2O and water content as prescribed in Table 2 in nitrogen condition. The simulated phase assemblage in AAS systems was compared with the experimental results from XRD, TGA, and SEM/EDS, to better understand the reaction mechanisms in these systems.

3. Results and Discussion 
3.1 Compressive strength
Figure 3 shows the time-dependent development of compressive strength of AAS containing MK and DM cured at two different temperatures, i.e., 20 ℃ and 50 ℃. It can be seen that the elevated temperature curing highly accelerates the strength gain of AAS before 3d, but has a detrimental effect on the strength achievement at later ages. For specimen cured at 20 ℃, the strength continues increasing up to 28d, while for the 50 ℃ counterparts, more than 90% strength has been reached at 3d; the continued curing at elevated temperature results in little gain or even reduction of 28d strength by about 20%. This can be attributed to the accelerated early-age reaction of slag and MK at elevated temperature, which results in a rapid formation of dense layers surrounding the unreacted grains that restrict its further contact with activating solution [40–42]. The decline of strength in AAS containing 30% MK or 40% MK cured at 50 ℃ is likely attributed to the transformation of metastable amorphous gel products into crystalline zeolite precipitates at elevated temperature conditions. 

Due to the little cementing capacity of DM, the compressive strength of AAS with 40% DM is comparable to the reference mixture with quartz powder. The MK incorporation up to a 20-30% replacement level considerably increases the strength of AAS. However, the strength of AAS containing 40% MK is lower than those containing both MK and DM. The optimum percentage ratio between MK and DM lies around 1: 1 at a 40% replacement level in AAS, in term of strength achievement and stability. These findings suggest the beneficial and synergic effects of co-addition of MK and DM in AAS systems. While MK dissolution supplements additional silicon and aluminum for gel formation, the DM mainly works as a filler that refines the pore structure and enhances the slag and MK dissolution [27]. 

3.2 X-ray diffraction analysis  
Figure 4 shows the XRD analysis of AAS pastes containing MK and DM cured at two different temperatures for 7d and 28d. The main reacted products formed in AAS paste without MK and DM are alkali-containing calcium-aluminosilicate hydrate (C-A-S-H) and hydrotalcite-type phases, as also reported in numerous studies [29,30,43]. The incorporation of DM alone in AAS at 40% ratio tends to increase the intensity of hydrotalcite phases and results in pirssonite (Na2Ca(CO3)22H2O) formation, regardless of curing temperature. Despite it remains to be confirmed, this new phase formation can be attributed to the ionic exchange of magnesium in DM lattice with surrounding sodium in the activating solution, and thus enhance the availability of magnesium for additional hydrotalcite formation, in a manner as, 

CaMg(CO3)2+2NaOH+ 2H2O→ Na2Ca(CO3)22H2O+Mg(OH)2                     (3)

However, the extent of DM surface dissolution at room temperature is highly limited if any, as suggested in the SEM/EDS analysis. Also, no brucite is conspicuously observed in the XRD patterns. Another more likely mechanism responsible for the pirssonite formation is due to the carbonation of AAS’s pore solution that results in preferred precipitation of alkali-bearing calcium carbonates over calcium carbonate (e.g., calcite) under specific conditions. This argument is based on the facts that pirssonite precipitation was also occasionally observed in AAS binders without DM presence [44]. 

With the gradual incorporation of MK in AAS, the peaks at around 11-12 2 associated with hydrotalcite tend to become more diffusive, accompanied with the appearance of humps at slightly lower angles. This observation is manifested in AAS cured at 20 ℃ and implies the interference of slag hydration by the presence of MK. The existing studies on alkali-activated slag and MK blends show that there exists interaction between slag and MK during activation process, including pore refinement and compositional modification of C-A-S-H phases by the supplemented aluminum from MK [45–47]. 

In addition, the reaction of MK in AAS is dramatically affected by the temperature condition. At 20 ℃, little new crystalline phases are observed in AAS containing MK; while at 50 ℃, zeolitic crystalline precipitates are observed and their intensity tends to increase over time. This suggests that elevated temperature curing accelerates the reaction of MK in AAS systems and facilitates the structural transformation of amorphous gel products to zeolite phases, which could explain the strength loss of mixtures containing high percentages of MK. This finding raises the concerns that the continued mineralogical transformation and zeolitization of reacted MK products may result in a reduction of long-term strength even at room temperature. 
 
3.3 Thermogravimetric analysis
Figure 5 shows the thermogravimetric (TG) and derivative thermogravimetric (DTG) curves the AAS pastes containing MK and DM at 28d. The potential phases assigned to the mass loss humps in the curves are indicated. Consistent with the XRD findings, the formation of C-A-S-H and hydrotalcite-type phases, as the main products, are confirmed in the reference mixture. The incorporation of DM in AAS increases the mass loss of hardened paste up to 450 C, suggesting the filler effect provided by DM that advances the reaction level of slag [27]. Also, the mass loss humps associated with C-A-S-H and hydrotalcite phases are all magnified due to DM incorporation, regardless of curing temperature. 

The incorporation of MK tends to change the shape and magnitude of mass loss humps associated with C-A-S-H in AAS (around 100-200 C), but have little influence on the peaks related to hydrotalcite. This observation suggests that the addition of MK alone or co-addition of MK and DM does not substantially enhance the formation of hydrotalcite in AAS from a chemical perspective. Instead, the dissolved MK tends to alter the structure and surface properties of gel products in AAS, including the amount of bound water. In addition, it shows that the mass loss humps of AAS containing a high percentage of MK are highly sensitive to the curing temperature, which is also an indication that the curing temperature affects the gel products. On the other hand, in comparison to the mixture cured at 20 C, the counterparts cured at 50 C show a less amount of weight loss at 900 C, confirming a reduced degree of reaction of at 28d due to continued elevated temperature curing. 

3.4 Scanning electron microscopy analysis 
To examine the potential dissolution and reaction of MK and DM in AAS at two temperature conditions, the microstructure of hardened AAS paste containing 20% MK and 20% DM is analyzed.  Figure 6 shows a representative backscattered electron image of AAS microstructure. With the aid of EDS elemental mapping, the identification of slag, DM, and MK grains can be performed with an example illustrated. In order to investigate the potential dissolution and reaction of DM in AAS, the EDS point microanalysis was performed specifically around the circumference of the DM particles, in addition to the gel matrix. 

Figures 7 and 8 show the compositional plots of the phases in the potentially reacted rims surrounding the circumference of DM particles and that of the matrix in AAS microstructure containing 20% MK and 20% DM cured at 20 C and 50 C for 28d. The Mg/Si versus Ca/Si molar ratios plot shows that the mineral phase in DM rims is still calcium-magnesium carbonate with the Ca/Mg molar ratio slightly larger than unit, suggesting the highly limited extent of surface reaction. No brucite formation is confirmed at the outmost surface rims of the particles since few EDS data points show an exclusively high Mg content. The linear trend in the Al/Ca versus Si/Ca molar ratios plot suggests an almost constant Al/Si ratio of about 0.65 in the reacted phases [48]. This Al/Si ratio value of the products surrounding the DM rims is close to that of the reacted products in the matrix, suggesting that DM filler serves mainly as the nucleation and growth site for reacted products precipitation of AAS [27]. It seems that little preferred reaction exists between the dissolved aluminum from slag and/or MK with the magnesium from DM. In addition, the Al/Si versus Mg/Si molar ratios plot confirms that the Al/Si ratio of the magnesium-absent reacted products (take the inception value) in the AAS is around 0.65. There is little conspicuous correlation between Mg/Si and Al/Si, implying the absence of extensive hydrotalcite formation at the surface of DM particles. 

The reason for the limited DM dissolution in AAS is likely to be attributed to the absence of portlandite which seems to be the controlling factor also in OPC systems, despite high alkalinity and elevated temperature [18]. In addition, it is observed that increasing the curing temperature from 20 C to 50 C does not induce substantially difference in the composition of the matrix and reacted rims of DM particles in AAS. 

3.5 Thermodynamic modeling 
Figures 9 shows the simulated phase assemblage development of AAS containing a combination of MK and DM with increasing reactivity of DM up to 20%. In addition to C-A-S-H, hydrotalcite, and stratlingite, significant natrolite formation is predicted in the AAS. Although the natrolite is a zeolite mineral, it is most likely in the form of disordered alkali aluminosilicate hydrate gels. As suggested in the phase diagrams of AAS [28], the natrolite formation is favored in the systems with relatively low calcium but high aluminum and silicon contents in the raw slag chemistry. In addition, the SEM/EDS analysis, as discussed above, supports that the formed gel products in AAS have a generally high Al/Ca and Si/Ca ratio. 

With the increasing level of DM dissolution and progressive incorporation in the system, the amounts of hydrotalcite and calcite keep increasing. The dissolved DM reacts with the stratlingite at the initial stage to form carbonate-AFm phases (i.e., monocarboaluminate C4AcH11 and hemicarboaluminate C4Ac0.5H12), which is further progressed into hydrotalcite and calcite as an advanced level of dissolution. However, the stratlingite and other AFm-type phases in hardened AAS paste are hardly distinguishable by XRD, TGA, or SEM/EDS, since it likely exists in an intimate mixture with C-A-S-H layers at the nanoscale [49,50]. Although it is unclear if the type and composition (e.g., the anions intercalated in the interlayer) of AFm phases formed in AAS would be altered due to DM dissolution, the effect of DM on the reacted phase may be reflected in the composition of amorphous matrix phases. 

Conclusions 
In this paper, the strength development, phase assemblage, and microstructure of alkali-activated slag pastes with a metakaolin and dolomite replacement ratio of 40% are studied at two temperature conditions (i.e., 20 C and 50 C). Based on the experimental and simulation results, the following conclusions can be drawn,

(1) For AAS containing a high percentage of MK, continued elevated temperature curing poses a detrimental effect on the long-term strength development, which is likely attributed to the facilitated transformation of strength-giving gel products into zeolite crystals that accompanies a strength loss.  

(2) The co-addition of MK and DM benefits the strength development of AAS, with the optimum percentage ratio between MK and DM lies around 1: 1 at a 40% replacement level. A higher substitution proportion of MK or DM reduces the strength of AAS, regardless of curing temperature. 

(3) The DM at a replacement ratio of less than 20% in AAS poses a beneficial filler effect that advances the slag reaction. The minor occurrence of the chemical reaction between DM and NaOH solution in AAS is also probable yet unlikely, in which the magnesium in DM lattice is substituted by sodium, releasing additional magnesium for hydrotalcite formation. 

(4) The formation of hydrotalcite is enhanced in AAS containing DM, which is mainly attributed to the enhanced slag reaction due to filler effect, rather than the enhanced magnesium availability from DM. Also, the MK incorporation in AAS does not trigger additional hydrotalcite formation, with or without the presence of DM. 

(5) The elevated temperature curing results in a higher extent of zeolitization in AAS containing MK and DM; however, increasing the curing temperature up to 50 C does not induce any substantial difference in the chemistry of the matrix and reacted rims of dolomite particles in AAS. 

(6) The reason for the limited dissolution level of dolomite in AAS is likely due to the absence of portlandite which seems to be the controlling factor for dolomite reaction in these systems. 
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Table 1 Oxide composition of SG, DM, MK, quartz powders 
	(mass %)
	SiO2
	Al2O3
	CaO
	MgO
	SO3
	Fe2O3
	Na2O
	K2O
	P2O5
	TiO2
	CO2
	Total

	SG
	36.64
	18.73
	31.84
	8.39
	0.71
	1.03
	0.66
	0.49
	-
	0.96
	-
	99.45

	MK
	53.11
	44.56
	0.02
	0.14
	0.01
	0.35
	0.28
	0.14
	0.07
	-
	-
	98.68

	DM
	0.13
	0.04
	27.13
	24.53
	-
	0.02
	0.05
	-
	-
	-
	48.03
	99.93

	QP
	97.57
	0.55
	0.23
	0.15
	-
	0.03
	0.29
	0.09
	1.04
	-
	-
	99.95


Note: SG: blast-furnace slag; MK: metakaolin; DM: dolomite fine; QP: quartz powder 



Table 2 Mixture parameters of alkali-activated slag paste containing dolomite and metakaolin 
	Mix ID
	Solids
	Activator

	
	Slag (%)
	Metakaolin (%)
	Dolomite (%)
	Quartz powder (%)
	Water-to-solid ratio
	Na2O content w.r.t. solid (%)

	SG40Q
	60
	0
	0
	40
	0.52
	6.4

	SG40D
	60
	0
	40
	0
	0.52
	6.4

	SG30D10M
	60
	10
	30
	0
	0.52
	6.4

	SG20D20M
	60
	20
	20
	0
	0.52
	6.4

	SG10D30M
	60
	30
	10
	0
	0.52
	6.4

	SG40M
	60
	40
	0
	0
	0.52
	6.4


Note: all are in mass-based percentage. 





(a)


(b)



(c)


(d)
Figure 1 X-ray diffraction mineralogical analysis of raw solid materials (a) blast-furnace slag; (b) metakaolin; (c) dolomite fine; (d) quartz powder. 



Figure 2 Particle size analysis of raw slag, metakaolin, dolomite, and quartz powder using the laser diffraction technique. 





(a)


(b)
Figure 3 Time-dependent development of compressive strength of alkali-activated slag pastes containing metakaolin and dolomite cured at two different temperature conditions (a) 20 ℃; (b) 50 ℃. 



(a)


(b)



(c)


(d)
Figure 4 X-ray diffraction analysis of AAS pastes containing metakaolin and dolomite cured at two different temperature conditions for 7d and 28d (a) 20 ℃, 7d; (b) 20 ℃, 28d; (c) 50 ℃, 7d; (d) 50 ℃, 28d. 



(a)



(b)
Figure 5 TG/DTG analysis of AAS pastes containing metakaolin and dolomite cured at two different temperature conditions for 28d (a) 20 ℃; (b) 50 ℃. 



[image: ] 
[image: ][image: ][image: ][image: ]
Figure 6 The backscattered electron images and elemental mapping of SG20D20M mixture containing 20% metakaolin and 20% dolomite cured at 20 C for 28d. (The brighter color intensity indicates a higher level of elemental concentration)





(a)                                                                           (b)


(c)
Figure 7 Compositional plots of the phases in the potentially reacted rims surrounding the circumference of dolomite particles in the microstructure of SG20D20M mixture containing 20% metakaolin and 20% dolomite cured at 20 C and 50 C for 28d. (a) Mg/Si versus Ca/Si molar ratios; (b) Al/Ca versus Si/Ca molar ratios; (c) Al/Si versus Mg/Si molar ratios. 




(a)                                                                           (b)
Figure 8 Compositional plots of the phases in the gel matrix of SG20D20M mixture containing 20% metakaolin and 20% dolomite cured at 20 C and 50 C for 28d. (a) Al/Ca versus Si/Ca molar ratios; (b) Al/Si versus Mg/Si molar ratios. 





Figure 9 Thermodynamic modeling of reacted phases in sodium hydroxide-activated slag containing 20% dolomite and 20% metakaolin with increasing reactivity of dolomite up to 20%. The degree of reaction of slag and metakaolin are assumed to be 60% and 50% respectively. (Note: C4AcH11: monocarboaluminate; C4Ac0.5H12: hemicarboaluminate)
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