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· Fig. S1: XRD pattern of MK.
· Table S1: XRF and Rietveld refinement results of MK recalculated onto elements for determination of amounts of elements present in the amorphous content. Rietveld refinement was performed using an external standard (Al2O3). 
· Fig. S2: Embeddment of a bulk piece of PUR-0 in geopolymer. 
· Fig. S3: SEM micrographs of PUR-0, PUR-1 and PUR-2, a, b) gently polished and c) embedded in geopolymer. 
· Table S2: EDXS of light and dark parts of PUR-0, PUR1 and PUR-2. 
· Table S3: Total global warming potential (GWP) of microwave and conventional heating. 
· 



Sketches of experimental work through the timeline are presented in Fig. S0 a), while schematic of naming the mixtures is in Fig. S0 b).
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Fig. S0. a) Experimental timeline and b) schematic of abbreviations of materials.

XRD pattern of precursor MK is presented in Fig. S1, also with an enlarged y-axis (intensity of quartz peak is a high “delta-function” and squeezes amorphous halo). The mineral present in MK is quartz.
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Fig. S1. a) XRD patterns of MK with b) cut y-axis.

In Table S1 are presented chemical (XRF) and mineralogical (XRD) results, where on latter Rietveld refinement analysis was performed, and on the first LOI was taken into account (LOI at 550 °C is 1.4 mass percentage, and at 950 °C 2.0 mass percentage). The amount of each element in amorphous content is calculated as their difference (“XRF minus XRD” for each element) and was used for the calculation of mixture for geopolymer (as described in the main body of the paper, with citations leading to our previous studies, where we developed the algorithm for calculation of the recipe, and where we tested the mixture also used in the presented study).

Table S1. XRF and XRD results that were obtained for MK.
	Elements [m%]
	Si
	Al
	Na
	K
	Mg
	Ca

	XRF
	32.4
	13.5
	0.2
	0.2
	0.1
	0.4

	XRF
	16.2
	1.6
	0
	0
	0
	0

	XRF-XRD
	16.2
	11.9
	0.2
	0.2
	0.1
	0.4



A bulk piece of PUR-0 embedded in geopolymer is shown in Fig. S2. As small pieces were permanently encapsulated in the geopolymer ASN, so was the bulk piece (physical removal was not possible). Even if there are most likely no chemical bonds between PUR and the ASN of the geopolymer, the surface of the PUR is harsh and with lots of pores where ASN can penetrate and physically entrap PUR.
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Fig. S2. Photographs of an embedded bulk piece of PUR-0 in geopolymer: a) with a scale, b) enlarged.

Details of pure PURs (PUR-0, PUR-1 and PUR-2) and their embedment in the geopolymer are presented in Fig. S3. On the surface of all PURs are white small particles that are present on polished and also not polished PURs (Mušič et al., 2022). According to EDXS (Table S2), these small lighter-colour particles contain elements useful in alkali activation, but we can not confirm if they (fully) reacted. However, their number on the surface of PURs in geopolymer is not so prominent anymore. Besides, fire-retardants APP and TATA can be found incorporated into PUR (bigger lighter particles in Fig. S3 c-2) and c-3)), meaning that they helped hinder the flammability of PUR during its incineration to lead into the fire.
According to SEM micrographs performed on non-polished composites (Fig. S3 d)) there can be found places where there is a gap between PUR and geopolymer (red circles in Fig. S3). However, in the blue circle is an area, where geopolymer seems to be well attached to the surface of PUR-1. This composite is also the only one that showed a reaction (that ended in ulcers) on the surface of the ASN of the geopolymer (at 250 °C).
While PURs were gently polished for SEM (and analysed also without any polishing), composites were not for two reasons: (i) polishing of PUR has to be gentle, slow and time-wise short t to not increase the temperature and influence the bonds into the material, which is not enough for the geopolymer, (ii) if polishing would be performed with harsher “parameters” needed to polish geopolymer, besides potential destruction of PUR, a topo-relief would be formed. What happens on the boundary between PURs and geopolymer can therefore not be fully evaluated by SEM (EDXS line analysis).
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Fig. S3. SEM micrographs of PUR-0, PUR-1 and PUR-2, a, b) gently polished, c) with magnified inclusions/impurities, and d) embedded in geopolymer. SEM micrographs presented in column a) are enlarged parts from Fig. 1 b) (magnification 40). Column b) has a magnification of 200, c) 1000, and d) of 500. The surface of PUR was sensitive to the electron beam, therefore, c-1) to c-3) were performed at a pressure of 150 Pa (the rest around 60 Pa).

Details of pure PURs (PUR-0, PUR-1 and PUR-2) and their embedment in the geopolymer are presented in Fig. S3. On the surface of all PURs are white small particles that are present on polished and also not polished PURs. According to EDXS (Table S2), these small lighter-colour particles contain elements useful in alkali (if it is not crystalline).


Table S2. Point-area EDXS analysis of pure PURs dark and light areas observed under SEM (O, C are not presented, as also not elements <0.1 m%).
	Elements [m%]
	Light/Dark area
	Si
	P
	N
	F

	PUR-0
	L
	8.9
	0.1
	0.4
	0.2

	
	D
	0.4
	0.3
	0.8
	0.6

	PUR-1
	L
	7.6
	0.3
	0.7
	0.3

	
	D
	0.9
	0.5
	1.3
	0.6

	PUR-2
	L
	6.7
	0.1
	1.0
	0.3

	
	D
	0.7
	0.2
	2.0
	0.4



Global warming potential (GWP) calculated on one prism in kg of CO2, for microwave and conventional ovens of similar sizes, both starting heating from room conditions, is shown in Table S3. When using microwave irradiation at 1000 W for 1 min, geopolymer foams and hardens (Horvat et al., 2023). Hardening in a conventional oven takes much more time and energy, and does not foam not even at 80 °C (our rubber moulds do not withstand 100 °C, therefore the tests at this temperature were not performed). However, in the conventional oven, more moulds can be added without impact on the heating, while in microwaves time for irradiation has to be prolonged when mass is increased. Besides, the non-uniformity of the electromagnetic field in the heating chamber represents a drawback in the upscaling but can be mitigated by the proper design of the microwave.

Table S3. Consumed power (PC) and GWP for curing with microwave and conventional heating. In GWP are data regarding materials and energy used.  
	Microwave oven 
1 min of irradiation at the selected power (P)

	P [W]
	0
	100
	440
	600
	1000

	Pc [kWh]
	0
	0.004
	0.013
	0.017
	0.025

	GWP [kg CO2 eq./prism]
	0.054
	0.056
	0.060
	0.061
	0.065

	Conventional oven
Heating at selected temperatures (T) for 2 h

	T [°C]
	40
	
	60
	
	80

	Pc [kWh]
	0.1262
	
	0.239
	
	0.3341

	GWP [kg CO2 eq./prism]
	0.107
	
	0.154
	
	0.194



Preparation of PUR-0, PUR-1 and PUR-2 was described in detail in our previous study (Mušič et al., 2022). PUR-0 was made from two liquid components (Tekapur Polefix, TKK d.o.o., Srpenica, Slovenia): A (polyol with several hydroxyl groups and triethyl phosphate) and B (polymethylene polyphenyl polyisocyanate). When A and B components a mixed together, the mixture was poured into a mould that allowed full expansion (foaming) of the material. For PUR-1 and PUR-2, the flame retardant (APP and TATA, respectively), was added into component B, and mixed in a high-speed mixer, after component A was added.
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