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ABSTRACT

In this work, authors report an investigation that reveals the possibility of dosing "Portland-Alkaline"
hybrid cements by mixing small amounts of Clinker with different cementitious materials (in the form of
binary mixtures, ternary, etc.). Specifically, one binary and three ternary cements are described in the
paper: B2-FA [20% Clinker + 80% Flying Ash (FA)]; B3-FA [20% Clinker +50% FA + 30% Ground
Granulated Blast Furnace Slag (GBBFS)]; B3-MK [20% Clinker + 40% Blast Furnace Slag (BFS) +
40% Metakaolin]; B3-BT [20% Clinker + 40% Blast Furnace Slag (BFS) + 40% Dehydroxylated
Bentonite]. These cements (in the absence and presence of a solid activator) have been hydrated with
water. All of them have the same Clinker content (20%) and all of them have technological properties
(mechanical strength development) similar or even better than the commercial cements used as
reference. Finally, and the most relevant is that all of them, in their hydration process, there is a
generation of more than one type of cementitious gel.
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1 INTRODUCTION 

In 2001 Alonso and Palomo published an article about the alkaline activation of mixtures of metakaolin 
+ lime (Alonso and Palomo, 2001) where it was revealed the simultaneous precipitation of different 
types of cementing gels (C-A-S-H / N-A-S-H and/or similar gels) was a technological option by simply 
modifying the pH levels at which the hydration of the mixes occurred. Since then, many researches 
have been developed to understand better the chemistry of hybrid cements made by Portland cement 
plus alkaline cement ((Donatello et al 2013, García-Lodeiro, et al 2013, Alahrache, et al 2016, 
Martauz, et al 2016); i.e., mixes of materials able to generate the simultaneous precipitation of the 
hydration products of Portland cement (C-S-H gel or C-A-S-H gel) and of the hydration products of the 
alkaline cements (N-A-S-H, N-(C)-A-S-H, etc.) (Garcia-Lodeiro et al 2011, 2016). 

From the technological point of view of the materials applications, it seems reasonable to make the 
following assumption: "The development of a solid and compact matrix containing a mixture of 
different cementitious gels can generate in this matrix interesting and novel mechanical and durable 
properties". In fact, the existing literature on hybrid cements has already shown this (Alahrache, et al 
2016, Martauz, et al 2016, Garcia-Lodeiro et al 2016). And from the sustainability point of view, 
everything suggests that hybrid cements can help to reduce considerably the consumption of Clinker 
Portland and the consumption of high volume of natural resources. 

The most frequently studied hybrid cement are mixes of Portland Cement (Portland Clinker) with Fly 
Ash (Alahrache, et al 2016, Martauz, et al 2016, Garcia-Lodeiro et al 2016) and/or ground granulated 
blast furnace slag (GGBFS) (Fernández-Jiménez et al 2013, Angulo Ramirez et al 2017), followed by 
those with natural pozzolans or dehydroxylated clays (metakaolin, bentonite, etc.), or even complex 
mixes of three or more of the mentioned materials (García-Lodeiro et al 2015). The present work 
covers a brief study of a set of hybrid cement, all formulated with a low content of Clinker Portland 
(20%) and a large content of supplementary cementitious materials. Even though hybrid cements 
admit the use of many kinds of alkaline activators (Alahrache, et al 2016, Garcia-Lodeiro et al 2016), 
it’s remarkable that during the research program, a variety of alkaline activator has been used, 
focusing on the selection of adequate solid and economically efficient activator as a key objective. 
Resulting hybrid cements are hydrated with water, as the commercially available Portland cements, 
developing similar fresh and hardening characteristics. 

 
Some of the alkali activators used on this research study are: Na2SO4, Na2CO3, Na2SiO3, Li2SiO3 and 
Li2CO3. Because the restricted length of the present publication, not all the results are included. But to 
each hybrid cement, its alkali activator has been specified. 

2.- HYBRID CEMENTS BASED ON CLINKER AND FLY ASH (BINARY SYSTEM, B2-FA) 

Table 1 shows the chemical composition of the cement B2-FA [20% Clinker + 80% Fly-Ash (FA)] 
determinate by XRF and the binary hybrid cements with and without alkali activator. Hybrid cements 
correspond only to formulations where the alkali activator has been introduced at the manufacture 
process (B2-FA-C and B2-FA-S). These cements are hydrated with water, and the resulting paste is 
studied as a regular Portland Cement. Prism moulds (10 x 10 x 60 mm) were prepared to test 
compressive strength. The samples in the moulds (6 prism by mould) were cured up to 24 h in a 
conditioned chamber (22 ºC and 99% R.H.), at 24 h samples were demoulding and continuously cured 
at the same chamber and under same conditions. Prisms were tested to determine compressive 
strength at 2, 28 and 90 days. The water to cementitious materials (W/C) ratio was determined to 
reach same consistency by flow measurement. 

Compressive strength results are presented at Figure 1. Without alkaline activator, the strength 
development of the cement B2-FA-H at 2 days was low. Nevertheless, the addition of an alkali 
activator increases notoriously the kinetic and the strength development. At the B2-FA cement 
formulation, because the absence of an alkali activator, the hydration of the Portland Clinker begins 
first and the Fly-Ash reacts later with the Ca(OH)2 that precipitates during the hydration of the clinker 
(pozzolanic reaction) (Taylor, 1997). Due to the low Clinker content and the high Fly-Ash content, this 
is a slow process. When there is an alkaline activator in the system, an increase in the pH of the 
aqueous phase is induced, accelerating the dissolution of the Fly-Ash and, therefore, stimulating the 
chemical reactions within the system (see the heat development of hydration in Figure 1). In summary, 
the high pH values intensify the reactivity and consequently the initial development of mechanical 
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strength (García-Lodeiro et al., 2013). For this reason, the compressive strengths developed of the 
two hybrid cements: B2-FA-C and B2-FA-S can be described as very satisfactory, observing at the all 
ages tested a mechanical behavior very similar to the normally commercial cements 

Table 1. Chemical composition and hybrid binary cement formulations B2-FA  

 Chemical composition (% by weight) 

SiO2 Al2O3 CaO Fe2O3 MgO Na2O SO3 K2O TiO2 P2O5 LoI* 

49.57 18.10 15.26 7.49 2.15 0.64 1.01 2.42 0.72 0.21 2.29 

Hybrid binary cement formulations (% by weight) 

 Precursor (P) Solid Alkaline Activator (A) W/C 
Ratio Name Clinker FA C =(Na2CO3) S =(Na2SO4) 

B2-FA-H 20 80 --- ---- 0.40 

B2-FA-C 20 80 4% --- 0.38 

B2-FA-S 20 80 ---- 4% 0.38 

 

 
Figure 1. (Left) Compressive strength (paste) of hybrid cements B2-FA at 2 and 28 days; (Right) heat 

flow and total heat. (Legend: H=H2O; C=Na2CO3; S= Na2SO4) 
 

3.- HYBRID CEMENTS BASED ON CLINKER, BLAST FURNACE SALG AND FLY ASH (TERNARY  
SYSTEM B3) 

Using the same experimental procedure briefly explained in the previous section, the pastes obtained 
by hydrating with water the hybrid cements formulated with Clinker, Fly-Ash, ground granulated blast 
furnace slag (GGBFS) and Alkaline Activator were poured into prismatic moulds (10 x 10 x 60 mm). 
Samples were cured during 24 h to be demolding and continuously cured at same conditions (22 ºC 
and 99% R.H.), in order to reach testing ages of 2, 28 and 90 days to determine compressive strength. 
The W/C ratio was determined to reach same workability by flow measurement (see Table 2). A 
sample of the activator-free ternary B3-FA-H mixture was used as reference. The results are shown in 
Figure 2. 
 
These results are very similar to those obtained with the B2-FA binary mixture, where the presence of 
an alkaline activator significantly increases the initial mechanical strengths of the cements (over than 
20 MPa at 2 days). At latest ages, the strength of all cements tested tends to be similar. In this specific 
case it is also observed that the incorporation of a percentage of Slag (GGBFS) (ternary B3 mixture 
versus binary mixture B2 of the previous section) improves the strength at 2 days. 
 
In summary, the multi-component hybrid cements studied in this research (B3 ternary mixes) also 
developed excellent technological properties. The higher strengths, like in the binary mixtures of 
section 2, were reached with the activator “S”. 
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Table 2. Composition and formulation of hybrid cements B3-FA (% by weight) 

Chemical Composition  

SiO2 Al2O3 CaO Fe2O3 MgO Na2O SO3 K2O TiO2 P2O5 LoI* 

43.61 13.85 25.55 5.06 4.05 0.61 1.35 1.83 0.54 0.18 3.09 

Composition of hybrid cement  

 Precursor (P) Solid Activator (A)  W/C 
ratio Name  Clinker FA BFS C =(Na2CO3) S =(Na2SO4) 

B3-FA-H 20 50 30 --- ---- 0.40 

B3-FA-C 20 50 30 4% --- 0.35 

B3-FA-S 20 50 30 ---- 4% 0.35 

 

 
Figure 2. (Left) Compressive strength (paste) of hybrid cements B3-FA at 2 and 28 days; (Right) heat 

flow and total heat. (Legend: H=H2O; C=Na2CO3; S= Na2SO4) 
 
Regarding the hydration kinetic of these ternary cements, the calorimetric technique again shows the 
remarkable increase in heat development when hybrid cements include an alkaline activator, 
compared to the same ternary system without alkalis. 
 
These findings confirmed that the activators used with this type of compositions significantly improve 
the reactivity of Fly-Ash and GGBFS, both individually and when mixed together, always generating, 
from the first instants of hydration, the precipitation of cementitious gels in greater quantities than 
when there is no alkaline activator in the system. Obviously the "significant" amounts of cementitious 
gel that precipitates in these hybrid cements provide these materials with levels of mechanical 
strength comparable to the strength level developed by commercial Portland cements. 
 
4.- HYBRID CEMENTS BASED ON CLINKER, BLAST FURNACE SALG AND THERMAL 
TREATMENT CLAYS (TERNARY SYSTEM B3) 
 
The possibility of using clays and feldspars in alkaline activation processes significantly increases the 
alternatives of producing hybrid cements worldwide. Moreover, knowing that the reactivity of clays and 
feldspars improves considerably after its thermal treatment (Buchwald et al 2009, Ruiz-Santaquiteria, 
et al 2013Ferone et al 2013), it uses seems to be more attractive. In fact, the process of 
dehydroxylation of these materials in the temperature ranges of 550 °C to 850 °C allows the removal 

of OH- groups providing silica-based materials and alumina, (XSiO2.YAl2O3.ZH2O → (SiO2)x.(Al2O3)y+ 
ZH2O) with a high content of amorphous portion, and therefore potentially usable as raw material in 
the production of alkaline cements and therefore also of hybrid cements (Garcia-Lodeiro et al 2018). In 
this study two types of hybrid cements were prepared with ternary mixtures: one of them containing 
40% of metakaolin (B3-MK) and the other 40% of a dehydroxylated bentonite (B3-BT). The 
composition and dosage of these cements is shown in Table 3. The two cements had similar 
CaO/SiO2 ratios but very different SiO2/Al2O3 ratios, because the calcium contents of bentonite and 
metakaolin are very low (less than 1%); the silica contents are very high in both cases (around 50%); 
but the alumina content of metakaolin is double that of bentonite. 
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Table 3. Composition and dosage of hybrid cement B3-MK y B3-BT (% by weight) 

Chemical composition by XRF  

 SiO2 Al2O3 CaO Fe2O3 MgO Na2O SO3 K2O TiO2 P2O5 LoI* 

B3-MK 41.41 19.48 27.30 2.12 4.23 0.40 1.15 1.76 1.16 0.17 2.12 

B3-BT 47.21 12.52 27.63 1.79 5.76 0.85 1.23 0.79 0.19 0.08 1.81 

Composition of hybrid cements B3-MK y B3:BT 

 Precursor (P) Alkali activator  (A) W/C 
Ratio Name Clinker BFS MK BT C =(Na2CO3) S =(Na2SO4) 

B3-MK-H 20 40 40 --- --- ---- 0.42 

B3-MK-C 20 40 40  5% --- 0.42 

B3-MK-S 20 40 40 --- ---- 5% 0.42 

B3-BT-H 20 40 -- 40   0.30 

B3-BT-C 20 40  40 5% --- 0.30 

B3-BT-S 20 40 -- 40 ---- 5% 0.30 

 
With these hybrid cements pastes were prepared by hydrating with water in order to fill the moulds for 
the compressive strength test. The W/C ratios used were the same as for the heat flow determination 
(0.42 and 0.30 cements B3-MK and B3-BT respectively, to have similar standard consistency). The 
results obtained are shown in Figure 3. Performance was good in both (upward of 15 MPa) but higher 
in B3-BT-S, for which a value of 32 MPa was recorded at the testing age (2 days). The lower strength 
in B3-MK could be due to the W/C ratio used, which would affect the system porosity. However, the 
impact of the type and proportion of cementitious gels on strength development could not be ruled out. 
 
In the Figure 3 curves of heat flow (J/gh) and total heat (J/g) released are shown for both hybrid 
system. Both diagrams were similar for the two hybrid systems, with practically the same induction 
period preceding the precipitation peak (normally associated with the mass precipitation of reaction 
products (Figure 3). Signal intensity, however, was much greater in the bentonite (B3-BT) than in the 
metakaolin (B3-MK) system. The total heat curves were nearly identical for the two materials, although 
slightly more heat was released by B3-BT (Figure 3). The apparent delay in the precipitation peak for 
the metakaolin system may be explained by the higher W/C ratio used, for higher water content may 
retard hydration/activation. 
 

Figure 3. (Left) Compressive strength (paste) of hybrid cements B3-MK y B3-BT at 2 days; (Right) 
Heat Flow and total heat.  (Legend: H=H2O; C=Na2CO3; S= Na2SO4) 

5. DISCUSION 

The authors of this research keep as main starting hypothesis that all "Portland - Alkaline" hybrid 
cements lead to hardened matrices very similar to each other; i.e., very similar in its mineral 
composition, in its technological properties, and of course in its nanostructure development, and all 
this regardless of the specific effects on these variables that may be attributable to each alkaline 
activator, like: sulphates, carbonates, etc.- and / or to each additional material used (GGBFS, Fly-Ash, 
dehydroxylated clay). 
 
To validate this hypothesis, the reaction products of all the cements described in this work were 
characterized by NMR. Representative samples of the different systems described in sections 2, 3 and 
4 were selected and the reaction products generated were analyzed. Figure 4 shows the NMR spectra 
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of 27Al and 29Si of the cements B2-FA-S and B2-FA-H hydrated up to 28 days. Figure 5 shows the 
NMR spectra of 27Al and 29Si of the B3-FA-H and B3-FA-S cements hydrated up to 28 days and in 
Figure 6 the NMR spectra of 27Al and 29Si of the B3 cements are represented: MK -H, MK-S, BT-H and 
BT-S hydrated until 2 days. 
 
5.1- CLINKER + FLY-ASH 
 
Figure 4 (a) and (b) reproduce the 27Al MAS-NMR and 29Si MAS-NMR spectrum at 28 days for three 
versions of the B2-FA system: anhydrous, hydrated in the absence of activator, hydrated in the 
presence of sodium sulfate. The spectrum of 27Al corresponding to the B2-FA system shows a broad 
signal at +52.7 ppm attributed to Al tetrahedral (AlT), which is essentially found in Fly-Ash (Palomo et 
al., 2004, Fernández-Jiménez et al., 2006; Duxon et al., 2007). Due to the dilution made on the Clinker 
(the hybrid cement contains 20% Clinker, whose Al2O3 content was only 4.85%: see Table 1), the 
contribution of the Portland Clinker to this signal was very small. When the hybrid cement was 
hydrated (in the presence or absence of activator), the AlT signal shifted slightly to +58 ppm and a 
signal associated with octahedral aluminum (AlO) appeared between +5 and +10 ppm. That signal 
centered around +10 ppm could be associated with the formation of calcium aluminate hydrates 
resulting from the hydration of C3A present in Clinker. However, in the B2-FA-S spectrum, that signal 
changed to +13.9 ppm (position associated with aluminum in ettringite, phase detected by XRD) 
(Skibsted, et al 1992, Faucon et al 1998, Andersen et al 2006). 
 

 
The interpretation of 29Si MAS-NMR in the spectrum of the B2-FA system is more complex. The 
intensity of the signal at -71.7 ppm (associated with the Q0 units in the "alite + belite" present in the 
clinker) decreases in all the hydrated materials, which confirms that the calcium silicates in the clinker 
are reacting. The Fly-Ash spectrum exhibits a wide signal centered around -100 ppm. This signal 
contained a series of peaks around -88, -100, -103 and -107 ppm, associated with the various forms in 
which silica appears in the Fly-Ash (mullite, vitreous phase, quartz ...) (Palomo et al., 2004; 
Fernández-Jiménez et al., 2006; Duxon et al., 2007). The intensity of the signals associated with the 
anhydrous phases decreased in the spectrum of the hydrated materials, while the new (and intense) 
signals were found in the range of -80 to -100 ppm. More specifically, the spectrum of all samples 
contained a strong signal around -85 ppm that could be associated with Q2 units (Faucon et al 1999, 
Myers et al 2013, 2015). 
 
The component associated with the presence of unreacted Fly-Ash generated an intense signal (see 
peak at -108 ppm) in the hydrated cement spectrum in the absence of an alkaline activator (B2-FA-H), 
which is an indication that in these conditions the Fly-Ash has poorly reacted. That explains the low 
mechanical strength observed in this material. When the alkaline activator (cement B2-FA-S) was 
added, clearer signals were observed at -85 ppm, along with others at -92 ppm and -98.5 ppm. This 
spectrum proves to be very similar to that obtained for similar materials but activated with alkaline 
solutions (Palomo et al., 2004; Fernández-Jiménez et al., 2006; Duxon et al., 2007). The increase in 
the signal at -85 ppm, together with the appearance of the new signals, denotes the formation of a 

100 80 60 40 20 0 -20

B2-FA-S

B2-FA-H

 

ppm

27Al

10

13.9

58.5

58

55.7

B2-FA

-40 -60 -80 -100 -120 -140

 

B2-FA-S

B2-FA-H

ppm

29Si

-71.7

-85.4

-85.8
-92

-98.5

-108

B2-FA

Figure 4. 27Al 29Si NMR-MAS of samples B2-FA,  



15th International Congress on the Chemistry of Cement
Prague, Czech Republic, September 16–20, 2019

15th International Congress on the Chemistry of Cement
Prague, Czech Republic, September 16–20, 2019

polymerized gel, consisting of units Q3 (mAl) or Q4 (mAl). The presence of Al in positions around +58 
ppm suggests the presence of units Q4 (4Al,), Q4 (3Al) and Q4 (2Al). However, the possibility of 
superposition of signals Q3 (mAl) and Q4 (mAl) cannot be ruled out. These data indicate the formation 
in hybrid cements of a mixture of gels: a C-S-H gel from the hydration of the Clinker fraction, which 
incorporates aluminum from the Fly-Ash, and ultimately generating a type C-A-S-H gel; and a gel 
more polymerized than the previous one [with units Q3 (mAl) and/or Q4 (mAl)] coming from the 
reaction of the Fly-Ash with the sodium coming from the activator and with the calcium presumably 
coming from the Portlandite; i.e., a gel type (N,C)-A-S-H. The presence of a mixture of gels in hybrid 
cements has been confirmed by different authors through electron microscopy (Garcia-Lodeiro et al. 
2016). 

5.2.- CLINKER + FLY-ASH + SLAG (GGBFS) 

Figure 5 (a) and (b) reproduces the 27Al MAS-NMR and 29Si MAS-NMR spectrums at 28 days for the 
three versions studied of the B3-FA system: anhydrous material (B3-FA), hydrated material without 
activator (B3-FA-H), and hydrated material containing sodium sulfate (B3-FA-S). 
 
The aluminum spectrum of the anhydrous B3-FA mix exhibits a unique signal at +57 ppm, indicative of 
the presence of tetrahedral aluminum, aluminum found in the Fly-Ash and GGBFS. The contribution of 
the Clinker to that signal is practically nil due to the dilution effect. After the sample was hydrated (in 
the presence and absence of the activator), the signal was slightly sharpened and shifted to +58 ppm. 
The AlT signal that changed with respect to the signal observed in the spectrum corresponding to the 
anhydrous material was associated with the existing Al in a mixture of gels C-A-S-H and (N,C)-A-S-H 
(Skibsted, et al 1992, Faucon et al 1998, Andersen et al 2006). The signal detected around +10 ppm 
was attributed to octahedral aluminum (AlO) associated with the formation of a carboaluminate. When 
an alkaline activator was used in the preparation of the cement and later it was hydrated, the signal 
appeared around +13.2 ppm, that is, the position of the aluminum signal in the ettringite (phase whose 
presence had been confirmed through XRD) 
 

 
The interpretation of the 29Si spectrum is again complex, essentially because in these spectrum the 
signals generated by the anhydrous (unreacted) components and the hydration products overlap. The 
29Si spectrum of the anhydrous hybrid cement B3-FA exhibits an intense peak at -71.7 ppm, attributed 
to the Q0 units in the clinker. A series of signals observed in the range of -91 ppm to -110 ppm were 
undoubtedly generated by the components present in the Fly-Ash (vitreous phase, quartz, mullite ...). 
The signal around -74 ppm (typical of the anhydrous slag and generated by the Q1 units), was 
superimposed with the signal associated with the Clinker, located around -72 ppm (Colombet, and 
Grimmer, 1994; Scrivener et al. 2016).   
 
The spectrum of the hydrated materials differs significantly from the spectrum corresponding to the 
anhydrous mixture. The hydrated sample (without activator) showed signals at -79 and -85 ppm, 
characteristics of a C-S-H gel and associated respectively with the Q1 and Q2 units (Andersen et al., 
2003). A signal detected at -75 ppm was attributed to the Q1 units in the unreacted slag and a group of 

Figure 5. 27Al 29Si NMR-MAS of samples B3-FA,  
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signals in the range of -91 to -109 ppm to unreacted Fly-Ash. A signal detected at -72 ppm was 
attributed to the Clinker, (an indication that its calcium silicates -alite and belite- had not been 
completely hydrated). 
 
Hydration in the presence of activator directly modified the spectrum of 29Si. The intensity of the clinker 
signal (-72 ppm) clearly decreased, while the other signals, at -85 ppm and those in the range of -90 
ppm to -110-ppm, increased. These results once again showed the formation of polymerized gels, i.e., 
gels containing Q3 (mAl) or Q4 (mAl), in accordance with the shift in the AlT signal in the hydrated 
phases. These results are quite similar to those obtained in the previous case (B2-FA), i.e., signals are 
obtained in the NMR spectrum in relatively similar positions; signs that are associated with the 
formation of a mixture of cementitious gels type C-A-S-H and (N,C)-A-S-H. Although, some 
differences in the intensity of these signals are observed. These differences in intensity are largely 
associated with the composition of the precursor (starting cement mixture), which is richer in calcium 
in cement B3-FA, and richer in Aluminum in B2-FA. The type of activator used seems to have a 
special influence on the reaction kinetics and on the type of secondary products that precipitate, but its 
influence is not very important on the type(s) of gel(s) cementing that is formed. 

5.3.- CLINKER + GROUND GRANULATED BLAST FURNACE SLAG (GGBFS) + 
DEHYDROXYLED CLAYS 

Finally, Figure 6 shows the spectrum of 29Si MAS-NMR and 27Al MAS-NMR at 2 day for the different 
versions of the B3-MK and B3-BT system: anhydrous (B3-MK and B-BT) and hydrated with activator 
(B3-MK-S and B3-BT-S). In the last case, it is confirmed that the chemical composition of the initiation 
system affects its precipitation, especially at early ages, a greater or lesser proportion of one gel or 
another. The higher calcium and silica contents and lower Al in B3-BT stimulate the quick precipitation 
of the C-S-H / C-A-S-H gels. Instead of reacting with the silica and the alkalis to form gels like the N-A-
S-H gel, the reactive aluminum was more easily absorbed in the structure of the C-A-S-H gel. In 
cement that contains MK, where the content of reactive aluminum is higher, gels (N,C)-A-S-H in 
addition to C-S-H (mainly from the hydration of the clinker) and C-A-S-H (from the hydration of the 
GGBFS). Despite of working with different ratios W/C, the experience of the authors suggests that the 
best strength observed in B3-BT (compared to B3-MK) could be explained by the more compact and 
less porous matrix generated by the B3-BT cement. However, in the mechanical strength at early ages 
cannot rule out a direct effect of the amount and type of gels that precipitate. 
 
Regarding to these cements, a differentiated behavior is observed depending on the type of activator; 
the hydration reaction is very fast with activator S and slower with activator C. This process is 
associated with the formation of secondary reaction compounds: AFm phases, and hydrated calcium 
carboaluminates. 
 

Figure 6. 27Al 29Si NMR-MAS of samples B3-MK and B3-MK un- reacted and hydrated. 

CONCLUSIONS 

The formulation of hybrid cements has proved to be very versatile allowing to use a wide range of raw 
materials (precursors) and alkali activators. At the all studies cases of hybrid cements, the Portland 
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Clinker content is much lower than any “blended” commercially available cement specified at the most 
part of the nationals’ cement standards. The very low Portland Clinker content is not a limitation to 
hybrid cements to develop excellent technological properties even better than current commercially 
available cements. The main factor to justify the excellent behavior of the hybrid cements is that during 
the hydration process always a cementing gel is formed from the first stage to long-term ages (C-S-
H/C-A-S-H / N,C-A-S-H / etc.). 

The different precursors and alkali activators (always solid products) that are part of the hybrid cement 
formulation are the key factors to its hydration kinetic and the formation of secondary reaction 
products. 
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