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Text S1: 3D-printer used in the present work
The general specifications for 3D printing are listed in Table S1. This printer is suitable for printing various materials, including ceramic mixtures, clay, porcelain, and green ceramics, provided that the flow characteristics of these materials are within a specific range. At a maximum printing speed of 150 mm s−1, the minimum possible layer height is 0.5 mm. Significantly lower printing speeds were used in our experiments because printing speed depends on the properties of the materials used. 
[bookmark: _Ref110347863]Table S1: General specification and printing parameters of the 3D printer.
	Weight
	40 kg

	Power supply
	220/240 V; 50/60 Hz

	Rated power
	180 W

	Frame
	Sheet metal (reduces printer vibration, consequently improving the print quality), aluminium, painted iron

	Diameter syringe
	22.5 mm

	Nozzle size
	2 mm

	Pressure
	4.5–6.5 bar

	Print speed
	3–10 mm s−1

	Layer height
	1.8 mm

	Layer width
	2 mm

	Build plate temperature
	60 °C

	Temperature of the air chamber
	25–40 °C (heater at the base heats the printing chamber)

	Screw speed
	0.9–1.8 rpm

	Time gap between layers
	No time delay was implemented


Adjustable parameters for 3D printing: Horizontal nozzle speed (3–40 mm s−1), nozzle diameter (1.2, 2, 4 and 6 mm), the pressure while printing AAMs (linked to the setting time of material; 0.5–4 bar), and the temperature of the 3D printing chamber (from room temperature to 40 °C) were changed to solidify the printed material and enable continuous printing in layers. 3D printing was performed using nozzle diameters of 1.2 mm (providing good workability to the mortar), 2 mm (deemed the most suitable size), 4 mm, and 6 mm. The diameters of 4 mm and 6 mm were too large because of layer settling. 
Printer modification: Certain modifications of the setup were necessary during the development of the 3D printing methodology to improve the printability and buildability of the selected mixture: a) the printer was closed to enable internal air circulation within the printing chamber, b) A thermostatic unit was added to control the temperature of the printing bed, c) The printhead is cooled using a closed-loop water-cooling system, which protects the unprinted material from thermal dissipation, d) Adjustment of printhead and printing methods.

Printing options:
1. Extrusion of tight mixtures through a dosing tube (plexiglass tube holder).
2. Printing with a printhead for extrusion with a heated printhead (milling holder with a spacer to protect against mass overheating).
3. Printing with a printhead for extrusion using a screw and heated printhead.
4. Printing with a printhead for extrusion using a screw while cooling the printhead.

3D-print software: The Delta wasp 4020 3D-printer uses open-source firmware that enables the use of a wide range of printing and slicing software packages (Cura, Slic3R, and Simplify3D). Similar to polymer printers, the STL file was imported into the slicer, and it generated the G-code used for printer movements and other functions. Simplify3D software was used in this study.

Text S2: Development and selection of mix design
[bookmark: _GoBack]Several different mixtures were prepared before the final mix design was selected for 3D printing (see Supplementary Table S2). Different starting materials were tested to obtain suitable combinations. However, the goal was to use the maximum amount of mineral wool to prepare the AAMs. If only SW or GW were used, the obtained mixture would not be suitable because both mineral wools harden slowly, especially GW. However, both hardened considerably slower than alkali-activated GGBFS. When selecting a suitable mixture, it is very important to produce a viscous mixture that can be processed sufficiently well to be extruded and retain its shape after extrusion (good buildability). This was a major challenge because most mixtures were difficult to mix initially, and their buildability after printing (extrusion) was not stable (mineral wool mixtures exhibited thixotropic behaviour). The main requirements for the design of the mixture were that it should not harden too quickly and, simultaneously, the 3D-printed structure should retain its shape. Our previous research [1] showed that a mixture with SW initially hardens faster, whereas a mixture with GW achieves a higher ultimate compressive strength. According to the published results, the optimal mixture for 3D printing is a mixture of both mineral types of wool (50:50 in mass fraction), and it proved to be the right choice (the printed material hardened as fast as a mixture that consisted only of SW and had better workability compared to that using only SW). However, the optimal mineral wool mixture did not yield a material suitable for 3D printing, and therefore, various co-binders were added to the SW and GW. When measuring viscosity, mixtures that did not show To* (torque overload, too viscous to be measured) were not suitable for further experimentation because of their poor buildability after extrusion. For lime, excessively fast hardening was observed (even when only small amounts were used), and therefore, it was excluded from further experiments (some mixtures did show To*, but this was only because the excessively fast hardening resulted in an unpleasant cleaning of the viscometer parts that came into contact with the slurry); in the worst case, curing was performed in the 3D printing machine to avoid problems during extrusion and cleaning of the feeding system. When using FA, metakaolin, gypsum, and GGBFS, a suitable combination was not found; it was either too difficult to mix or too sticky (the adhesion forces were stronger than the cohesion forces of material–material), or the printed slurry collapsed because of the thixotropic behaviour after extrusion. Different types of cements were added to accelerate the curing process, with CAC being the most successful. However, the mixture of SW, GW, and CAC was too fluid after extrusion. Therefore, BA was added, and it significantly deteriorated the workability of the mixture. The obtained mixture was difficult to process when a small amount of Mic was added to the mixture; however, it exhibited good buildability (retained its shape after extrusion). The mixture was optimised using SW, GW, CAC, Mic, and BA, and the mixture with serial number 36 in Table S2 was selected.

Table S2: Prepared mix designs and selected mix design (mix design 36, bolded) for further 3D-printing and characterization of prepared AAMs. Different precursors were tested (SW, GW, cement 42.5 N, cement CEM I 52.5 R, CAC, metakaolin, gypsum, Mic, BA, FA, lime and GGBFS). For each prepared mixture workability, buildability of printed samples, suitability for printing and viscosity (and time at maximal viscosity) of prepared AAMs are presented.
	Mixture
	SW (wt%)
	GW (wt%)
	Cement 42.5 N (wt%)
	Cement CEM I 52.5 R (wt%)
	CAC (wt%)
	Metakaolin (wt%)
	Gypsum (wt%)
	Mic (wt%)
	BA (wt%)
	FA (wt%)
	Lime (wt%)
	GGBFS slag (wt%)
	Alkali activators-sodium silicate (wt%)
	Workability
	Buildability 
	Suitable for 3D-printing (observations during or after printing)
	Maximal viscosity (Pa·s)**
	Time at maximal viscosity (s)

	1
	60
	
	
	
	
	
	
	
	
	
	
	
	40
	Difficult to mix
	Not ok
	After extrusion too liquid
	3.01
	39.9

	2
	40
	
	
	20
	
	
	
	
	
	
	
	
	40
	Difficult to mix
	Not ok
	After extrusion too liquid, hardening faster than mixture 1
	127
	9.6

	3
	40
	
	20
	
	
	
	
	
	
	
	
	
	40
	Difficult to mix
	Not ok
	After extrusion too liquid, hardening faster than mixture 1
	1.70
	68.2

	4
	
	60
	
	
	
	
	
	
	
	
	
	
	40
	Very difficult to mix
	Not ok
	Slow hardening
	2.50
	65.6

	5
	
	40
	
	20
	
	
	
	
	
	
	
	
	40
	Very difficult to mix
	Not ok
	Slow hardening
	To
	/

	6
	
	40
	20
	
	
	
	
	
	
	
	
	
	40
	Very difficult to mix
	Not ok
	Slow hardening
	94.9
	2.20

	7
	30
	30
	
	
	
	
	
	
	
	
	
	
	40
	Difficult to mix
	Not ok
	Slow hardening
	To*
	/

	8
	20
	20
	
	20
	
	
	
	
	
	
	
	
	40
	Very difficult to mix
	Not ok 
	After extrusion too liquid (thixotropic)
	11.1
	12.1

	9
	20
	20
	20
	
	
	
	
	
	
	
	
	
	40
	Difficult to mix
	Not ok
	After extrusion too liquid (thixotropic)
	82.8
	2.20

	10
	20
	20
	
	
	
	
	20
	
	
	
	
	
	40
	Difficult to mix
	Ok 
	Efflorescence after 3 days
	194
	2.30

	11 
	20
	20
	
	
	
	
	
	20
	
	
	
	
	
	Ok for mixing
	Not ok
	Very liquid, sticky

	41.8
	2.42

	12 
	20
	20
	
	
	
	20
	
	
	
	
	
	
	40
	Very difficult to mix
	Not ok
	To dense, more liquid needed
	To*
	/

	13
	20
	20
	
	
	
	
	
	
	20
	
	
	
	40
	Very difficult to mix
	Not ok
	To dense
	To*
	/

	14
	20
	20
	
	
	
	
	
	
	
	20
	
	
	40
	Difficult to mix
	Not ok 
	After extrusion too liquid (thixotropic)
	4.13
	32.1

	15
	20
	20
	
	
	20
	
	
	
	
	
	
	
	40
	Ok for mixing
	Not ok
	Sticky, after extrusion too liquid (thixotropic)
	14.3
	12.1

	16
	20
	20
	
	
	
	
	
	
	
	
	20
	
	40
	Very difficult to mix
	Ok 
	Too fast hardening
	To*
	/

	17
	20
	20
	
	
	
	
	
	
	
	
	
	20
	40
	Difficult to mix
	Ok 
	Layers not stacked enough
	To*
	/

	18
	20
	20
	
	
	
	
	
	
	10
	
	
	10
	40
	Difficult to mix
	Not ok
	Destroyed layers (cracking of layers)
	To*
	/

	19
	20
	20
	
	
	
	10
	
	
	
	
	10
	
	40
	Very difficult to mix
	Not ok
	Too fast hardening
	To*
	

	20
	20
	20
	
	
	
	10
	10
	
	
	
	
	
	40
	Difficult to mix
	Not ok
	Not sticky
	267
	2.19

	21
	20
	20
	
	
	
	
	10
	
	
	
	10
	
	40
	Difficult to mix
	Ok
	Too fast hardening
	164
	2.23

	22
	20
	20
	
	
	
	
	
	
	10
	10
	
	
	40
	Very difficult to mix
	Ok
	Not sticky, cracking of layers (more liquid needed)
	To*
	

	23
	20
	20
	
	
	
	
	
	
	
	10
	10
	
	40
	Very difficult to mix
	Not ok
	Sticky, after extrusion too liquid (thixotropic) 
	44.2
	2.23

	24
	20
	20
	
	
	
	
	10
	
	
	10
	
	
	40
	Ok for mixing
	Not ok
	Sticky 
	6.59
	28.4

	25
	20
	20
	
	
	
	10
	
	
	
	10
	
	
	40
	Ok for mixing
	Not ok
	Not sticky, after extrusion too liquid (thixotropic)
	56.0
	3.28

	26
	20
	20
	
	
	
	
	
	
	10
	
	10
	
	40
	Very difficult to mix
	Ok
	Not sticky, too fast hardening
	To*
	

	27
	20
	20
	
	
	
	
	10
	
	10
	
	
	
	40
	Very difficult to mix
	Ok 
	Very dense, cracking of layers (more liquid needed)
	To*
	

	28
	20
	20
	
	
	
	10
	
	
	10
	
	
	
	40
	Very difficult to mix
	Ok
	Very dense, cracking of layers (more liquid needed)
	To*
	

	29
	20
	20
	
	
	
	5
	
	
	10
	
	5
	
	40
	Very difficult to mix
	Ok
	Dense, cracking of layers (more liquid needed), too fast hardening
	To*
	

	30
	20
	20
	
	
	
	
	5
	
	10
	
	5
	
	40
	Difficult to mix
	Ok
	Dense, cracking of layers (more liquid needed), too fast hardening

	To*
	

	31
	20
	20
	
	
	
	
	
	10
	10
	
	
	
	
	Ok for mixing
	Not ok
	Too liquid, sticky
	331
	2.22

	32
	20
	20
	
	
	10
	
	
	10
	
	
	
	
	
	Ok for mixing
	Not ok
	Too liquid, sticky
	48.1
	156

	33
	20
	20
	
	
	10
	
	
	4
	6
	
	
	
	40
	Difficult to mix
	Not ok
	Sticky, after extrusion too liquid (thixotropic)
	20.6
	13.3

	34
	20
	20
	
	
	11
	
	
	3
	6
	
	
	
	40
	Very difficult to mix
	Not ok 
	Very sticky
	20.2
	11.0

	35
	20
	20
	
	
	12
	
	
	1.8
	6.2
	
	
	
	40
	Very difficult to mix
	Ok
	Not sticky 
	To*
	/

	36
	20.8
	20.8
	
	
	12.5
	
	
	2
	6.5
	
	
	
	37.4
	Very difficult to mix
	Ok
	The most suitable
	To*
	/


* Torque overload (too viscous to be measured)
** Viscosity of slurry was measured with viscometer HAAKE, measuring device Viscotester VT 500, sensor PK2 1°, with 0.3 mm gap, at 23 °C. Measurement was performed 1 min after mixing all ingredients with 60 s of upwards ramp (shear rate from 0.13 s-1 to 400 s-1), 30 s of hold time (shear rate 400 s-1), and 60 s of downwards ramp (shear rate from 400 s-1 to 0.13 s-1)

[image: C:\Users\pavlin\Desktop\3d XRD 0 800C_printed.jpg]
Figure S1: X-ray diffraction patterns of the 3D-printed samples exposed to elevated temperatures and the samples cured at room temperature (T0) as a reference.



Text S3: SED-EDXS point analysis of thermally treated samples
SEM-EDXS point analysis was performed to calculate the Si/Na, Si/Al, Na/Al, and Ca/Si ratios in the moulded AAMs (results presented in Table S1). Duxson et al. suggested that the optimal Si/Al and Na/Al ratios are 1.9 and 1, respectively, because of the charge-balancing nature of the negatively charged tetrahedral Al centres [2]. However, other authors suggested different optimal Si/Al ratios (3.3  [3] or 4 [4]). In Table S1, the first column represents the elemental ratios in the AAMs, calculated using XRF and XRD measurements of the precursors before alkali activation and addition of sodium silicate (according to the study by Horvat et al. [5]). The other columns represent the ratios of the AAMs exposed to the room (T0) and elevated temperatures (200, 300, 400, 500, 600, 700 and 800 °C) for two different matrixes observed in the AAMs (rich in Si and rich in Al). 
For the Si-rich matrix, Si/Al ratios calculated based on the XRF and XRD data were lower than those of the AAM cured at room temperature (Table S3a). The calculated ratio represents the ideal ratio when all materials are dissolved during alkali activation. However, because of the extra Si introduced into the system, the partial dissolution of Si and the poor dissolution of Al from the precursor led to a higher Si/Al ratio. At 200 °C, this ratio decreased slightly, whereas it increased significantly between 300 °C and 600 °C before decreasing to a similar ratio of the one calculated at 800 °C. This can be attributed to the melting of GW, which can induce the dissolution of some crystalline phases in the matrix [6], and the dissolution of Si and Al from GW and other precursors. The opposite was true for the Si/Na ratio, wherein the calculated ratio was higher (2.58) than that at room temperature (1.54). This implied that less Si was dissolved from the precursor, as indicated by the SEM analyses; this indicated the presence of many unreacted fibres and particles (Figure 15), as proven in our previous studies [1,7]. This ratio increases slightly (in the range of 1.66-1.95) at all temperatures of exposure. Efflorescence was expected because of the high Na/Al ratio in all samples (more than 1.65 [8]), and it was observed after curing at room temperature. Further, this was predicted by calculations (the Na/Al ratio based on the XRD and XRF data was 1.42) with the sample cured at room temperature that showed a ratio of 2.05, which is considerably higher than 1. This ratio decreased slightly at 200 °C (Na/Al = 1.43) because of the dissolution of Al at elevated temperatures; however, it significantly increased at temperatures between 300 °C and 500 °C, above which GW is expected to melt. At 600 °C, this ratio decreased slightly, more at 700 °C, and then at 800 °C, it reached a value of 1.18 because of the completely different matrix and formation of many new crystalline phases, as observed by the XRD graph (Figure 12). With respect to the Ca/Si ratio, the dissolution of Ca was higher than the calculated value for all alkali-activated samples. The dissolution of Ca was favoured in all samples because of using sodium silicate as an alkali activator rather than NaOH, which hinders its dissolution (owing to its high pH) [9,10]. There were a few points where an Al-rich matrix was observed (Table S3b); this occurrence was more common because the exposure temperature increased, indicating that the phase began to change when the GW began to melt because of the migration of elements.
[bookmark: _Ref108816681]Table S3: Si/Na, Si/Al, Na/Al and Ca/Si ratios in the samples cured at room temperature then exposed to elevated temperatures (200, 300, 400, 500, 600, 700 and 800 °C). Two different ratios were obtained by point analyses on the aluminosilicate matrix (SEM-EDXS), a) for the matrix rich in Si and b) for the matrix rich in Al. Data for the precursors and added sodium silicate were calculated from the XRF and XRD data.
	a) 
	Si-Rich Matrix

	
	XRD+XRF data
	T0
	200 °C
	300 °C
	400 °C
	500 °C
	600 °C
	700 °C
	800 °C

	Si/Al
	1.81
	3.16
	2.78
	6.43
	5.76
	6.94
	5.06
	3.36
	2.03

	Si/Na
	2.58
	1.54
	1.95
	1.82
	1.66
	1.77
	1.87
	2.51
	1.72

	Ca/Si
	0.10
	0.19
	0.20
	0.22
	0.15
	0.14
	0.16
	0.22
	0.27

	Na/Al
	1.42
	2.05
	1.43
	3.53
	3.47
	3.92
	2.71
	1.34
	1.18

	b) 
	Al-Rich Matrix

	
	XRD+XRF data
	T0
	200 °C
	300 °C
	400 °C
	500 °C
	600 °C
	700 °C
	800 °C

	Si/Al
	1.81
	1.16
	0.29
	0.36
	0.30
	0.20
	0.25
	0.26
	0.11

	Si/Na
	2.58
	1.33
	1.39
	1.35
	1.35
	1.50
	1.39
	2.11
	0.95

	Ca/Si
	0.10
	0.18
	0.72
	0.17
	0.18
	0.21
	0.48
	0.76
	2.38

	Na/Al
	1.42
	0.87
	0.21
	0.27
	0.23
	0.13
	0.18
	0.12
	0.12





Figure S2: FTIR spectra of the 3d-printed samples at T0 and at elevated temperatures (200, 300, 400, 500, 600, 700 and 800 °C).
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