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Isothermal Calorimetry of Alkali-activated Slag

According to the literature, the heat evolution in an AAS is directly dependent on the type of the
activator used.!? For the case of a sodium silicate-based activator, similar to what is used here, a
standard reaction pathway of pre-induction period, induction period, acceleration, and deceleration
has been reported.? The induction period refers to a period of little to no activity and is very similar

to the one commonly observed in the hydration of OPC-based binders.*
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Peak Assignments for X-ray PDF of Alkali-activated Slag

The peak in the vicinity of 1.64 A is assigned to the T-O bond length, based upon the reported
Si-O bond distance of ~1.60 A and the Al-O bond distance of ~1.75 A when Si/Al are present as
tetrahedral units in disordered calcium aluminosilicates.> It should be noted that aluminum is
primarily present as a tetrahedral unit in slag as confirmed by PDF,” nuclear magnetic resonance,®
and molecular dynamics simulations.® The peak at ~2.31 A is assigned to the Ca-O nearest-
neighbor correlation based on previous studies on glasses,®!? while the peak at ~3.10 A is assigned
to T-T correlations as all Si-Al, Al-Al, and Si-Si correlations have been reported to coincide around
this region.!! Finally, the peak at ~3.60 A is assigned to Ca-T correlations based on a C-S-H model

proposed in the literature.!?

Isothermal Calorimetry of Alkali-activated Metakaolin

The differences between the reaction kinetics of AAS and AAM pastes are expected because of
the vastly different precursor chemistries together with differences in the concentration of the
activators. The precursor in AAS paste is slag which is an amorphous calcium aluminosilicate
(with some magnesium),” whereas the precursor in AAM paste is dehydroxylated kaolinite, or
metakaolin, which is an amorphous aluminosilicate. The activator in AAS has a Na,O/slag wt.
ratio of 0.04, whereas the activator in AAM is much more concentrated with a 0.28 wt. ratio for
Na,O/metakaolin. The higher sodium concentration for the metakaolin pastes is required to invoke
a significant amount of dissolution during the initial stages of reaction and to ensure proper charge-
balancing of the negative tetrahedral alumina sites in the resulting N-A-S-(H) gel. Due to the

weakly cementitious properties of slag together with the abundance of calcium in the precursor
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(and lower concentration of aluminum compared with metakaolin), a much lower sodium
concentration can be used in the activator. Thus, it is not surprising that the heat evolution kinetics

of these pastes are vastly different.

The heat evolution curves shown in Figure 4 in the Article are in general agreement with what has
been reported in the literature for metakaolin activated with sodium hydroxide'? and sodium
silicate.!* In these studies, three peaks were identified, including a sharp first peak which
corresponds to the dissolution of the aluminosilicate, a second broad peak which signifies the
major reaction and formation of the N-A-S-(H) gel, and a third small peak at a later stage which is
seen when/if the N-A-S-(H) gel becomes more ordered (which is more common for the hydroxide-
activated metakaolin pastes). In the data reported here, the early sharp peak associated with
dissolution was probably located within the first hour of data (not included in Figure 4 in the
Article), but remnants of it can be seen in Figure 4 in the Article at the 1 hr reaction time mark.
The second broad peak, corresponding to the formation of the main reaction product, is clearly
visible between ~ 1 and 30 hrs. Finally, the third peak is not present in the data, suggesting that

the gel remains predominantly amorphous throughout the reaction period.

Peak Assignments for X-ray PDF of Alkali-activated Metakaolin

The peak assignments of the nearest-neighbor T-O and T-T correlations have been carried out in
a similar fashion to what was described earlier for AAS. Apart from these correlations, there are
three additional major atom-atom correlations in Figure 5 in the Article, i.e., Na-O at ~2.30 A,

0-0 at ~2.60 A, and T-Na at ~3.15 A. These assignments are based on the simulated PDFs of
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hydrosodalite (Nag(AlISiO4)s(H,0)g),'> which possesses a stoichiometry and network structure

similar to the AAM system studied here.!!

Evolution of the CZ Phase
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Figure S1: The intensity at 4.05 A in the difference curves plotted in Figure 8 in the Article as a

function of the alkali-activation reaction for the AAS paste samples. Also, the arrows for selected

pastes are plotted to guide the eye.
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Evolution of the Diffraction Patterns of Alkali-activated Slag with and without Nano-ZnO
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Figure S2: Stacked plots of the X-ray diffraction patterns of AAS paste with and without nano-
ZnO at the given reaction times. The peaks from the C-(N)-A-S-H gel phase, hydrotalcite, quartz,
and zinc oxide (hexagonal crystal structure) are identified. The patterns at 131 day have been

scaled by a factor of 0.1 owing to their high intensity.
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Peak assignments in Figure S2 were carried out as follows: C-(N)-A-S-H gel (disordered C-S-H
(), PDF #00-034-0002), hydrotalcite (MgsAl,CO3;(OH)6:4(H,0), PDF #00-034-0002), quartz
(Si0,, PDF #00-005-0490), and zinc oxide (ZnO, PDF #00-036-1451). Since the peak at ~4.09 A-!
is present in all samples throughout the reaction, it is likely to be a crystalline impurity in the

precursor slag (i.e., quartz).!®
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