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1. The curing conditions   
The specimens were de-moulded after 24 h and were cured in two types of conditions. 

Figure S1(a) and Figure S2(a) illustrate condition 1 for the curing of the samples. In condition 1, the specimens, containing the Al plates, were placed in humid Ar atmosphere. The humid atmosphere is realized by placing the specimens on a holder above the water level in a closed cell. This environment also simulates the humid and anaerobic underground environment in the real geological disposal. When the corrosion rate reaches a steady state after about 80 days, samples are transferred into saturated Ca(OH)2 solution i.e. limewater to simulate the resaturation of the cement paste after possible breaching of the outer protective barrier. In this study, the transfer was done after 80 days. Note that due to the appearance of cracks, the EIS measurements of pure OPC samples did not last for 80 days. Therefore, no transfer into Ca(OH)2 solution was done for these samples.

In condition 2, the specimens were directly immersed and cured in saturated Ca(OH)2 solution as shown in Figure S1(b) and Figure S2(b). 

The different curing conditions allow comparisons between two systems.
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Figure S1. Schematic of (a) condition 1 and (b) condition 2 for the curing of samples used for the electrochemical tests.
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Figure S2. Schematic of (a) condition 1 and (b) condition 2 for the curing of samples used for SEM and GC characterization.



2. Pore solution collection
A universal testing machine with corresponding accessories (a plunger, a hollow steel tube and a pedestal) was used to extract solution from the cement paste samples (see Figure S3).



Figure S3. Accessories (a) and the setup (b) of pore solution extraction.Plunger
Hollow tube for samples
Pedestal to collect pore solution
(a)
(b)



3. Determination of K   

In order to determine the K value, an impedance experiment was carried out in saturated Ca(OH)2 solution. The cell configuration is schematically illustrated in Figure S4(a). The entire cell was immersed in a saturated Ca(OH)2 solution. The EIS tests were carried out under open circuit potential (OCP) in a frequency range of 10 mHz to 1 MHz using a 10 mV peak‑to‑peak AC potential signal. The results as a function of time are summarised in the Nyquist plots shown in Figure S4(b). Regardless of the experimental time, these Nyquist plots all have the trend to intersect the Z’ axis at around 100 Ω in the high frequency region, which is the left part of the graph. This Z’ value can be roughly regarded as the Reff of the cell in saturated Ca(OH)2 solution because the equivalent circuit of the cell system presented in Figure S4(c) can be simplified to be Rs, which is the solution resistance, in a high frequency region. The saturated Ca(OH)2 solution conductivity was measured using a conductivity meter. The σeff of the saturated Ca(OH)2 test solution was found to be around 1.03 S/m, which results in a K value of 103 for the cell we used.

Figure S4. EIS test setup (a), Nyquist plots (b) and the equivalent circuit model (c) of the cell in saturated Ca(OH)2 solution over one month.(c)
Intersection point
(a)
(b)
Short circuit under a high frequency
The resistance of the saturated Ca(OH)2 solution















4. Equivalent circuit of the cement paste  
[image: ]At a preliminary stage of the study, the equivalent circuit reported by literature [1-3], shown in Figure S5, was employed as part of the overall circuit (see Figure S6) for the EIS fitting to describe the cement paste between the two electrodes. However, the adoption of a constant phase element (CPEcem2) would provide an ‘n’ value of CPEcem2 lower than 0.5 in some samples (see Figure S7). 

Figure S5. Equivalent circuit of the cement paste proposed in literature.
Optional


Figure S6. Equivalent circuit used in preliminary study for the EIS fitting.
OPC+Li2CO3 after 62 d in the first condition
OPC+Li2CO3 after 8 d in the second condition

Figure S7. Example of the case that ‘n’ value of CPEcem2 is lower than 0.5.
[image: ]As a rule of thumb, when n is less than 0.5, the system is more likely to be controlled by a diffusion process and a Warburg element might be more suitable than a constant phase element. The same phenomenon has been observed by Marriaga in the fitting of the mortars [4]. Thus, the CPEcem2 is replaced by the Wcem2 and the circuit shown in Figure S8 is used.
Figure S8. The modified equivalent circuit used for the EIS fitting.













5. Pore solution conductivity 
The pore solution conductivities used in the GEM for each cement paste system is gathered in Table S1.

Table S1. Pore solution conductivities used in the GEM for each cement paste system.

	
	Condition 1
	Condition 2

	
	Humid Ar
	Ca(OH)2 solution
	Ca(OH)2 solution

	0.36 OPC
	10 S/m
	
	7 S/m

	0.36 OPC+3% LiNO3
	16 S/m
	9 S/m
	12 S/m

	0.50 OPC+1.607% Li2CO3
	14 S/m
	9 S/m
	9 S/m




6. Cracks in OPC samples 
For OPC samples, cracks were formed in the cement paste in both conditions, which can be attributed to the increasing internal stress generated by the production of H2 gas and by the accumulation of the corrosion products involving volume changes compared to the pure Al phase, during the fast corrosion process of Al. In condition 1, scatter increases in the EIS as time increases. After 40 days, it becomes too difficult to get reliable fitting results because the accumulation of corrosion products and the generation of H2 lead to unanticipated cracks and holes inside the cement paste. These cracks were observed from outside in one of the three replicated 0.36 OPC samples after 133 days as shown in Figure S9(a). In condition 2, visible cracks can be observed in EC samples after 8 days (Figure S9(b)), leading to widely spread corrosion results.
(a)
Cracks
A crack
(b)

Figure S9. Tiny cracks appeared in one of the three replicated 0.36 OPC samples after 133 days in condition 1 (a) and a crack in an EC sample appeared in condition 2 generated after 8 days (b).
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