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Figure S1: Intrusion and extrusion curves of monoliths A) monolith FZC‒1, B) monolith FZC‒2, C) monolith FZC‒3, D) monolith FZC‒4, E) monolith FZC‒5, F) monolith FZC‒6, G) monolith FZC‒7, H) F monolith ZC‒8, I) monolith FZC‒9, J) pure MA powder.
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Supplementary Discussion 1: Influence of freezing rate on the evolution of porosity
The freezing rate had no relevant influence on the total porosity of HMMA monoliths. However, it had a considerable influence on pore size distribution (Fig. S2). In both cases a slower rate (1 °C/min) resulted in bigger pores sizes and narrower, monomodal pore size distribution with modal pore diameter of 40.5 and 29.7 μm for monoliths FZC‒5 and FZC‒7, respectively. When a faster freezing regime was used (6 °C/min) a broad, bimodal pore size distribution evolved. At fast cooling speeds smaller ice crystals are formed [1], since the crystallization process is controlled by nucleation and not by crystal growth. The size of ice-crystals determines macroporosity of final material, so the faster freezing rates result in finer pore sizes.  
[image: ]
Figure S2: A) Influence of freezing rate on pore size distribution. B) SEM of monolith FZC‒5. Arrows indicate pores bigger than 115 μm. C) SEM of monolith FZC‒6.
The majority of macropores in monoliths FZC‒6 and FZC‒8 had a diameter of only few micrometres (between 3 and 11 μm), but some bigger pores with modal diameter at 48.4 μm (FZC‒8) and 62.9 μm (FZC‒6) were also formed. Prevailing finer pore structure of monoliths frozen at faster rates was additionally confirmed by SEM (Fig. S2B and S2C). Apparently the chosen freezing rate (6 °C/min) was not fast enough to completely prevent extensive ice-crystal growth, thus the evolved pore size distribution was bimodal.
While a freezing rate of 6 °C/min was apparently too fast to promote the growth of ice-columns with diameters exceeding 100 μm, which were present in FZC‒5, it was not fast enough to entirely prevent the formation of pores with diameter above 10 microns. The freezing rate also had an impact on the thickness of pore walls [2]. As can be seen from the magnified SEM images (Fig. S2B and S2C), the pore sizes were not only smaller at faster rates, but also thinner walls were formed. 
Additionally, pore size distributions of both fast-frozen monoliths (FZC‒6 and FZC‒8) were very similar, with the only difference in the total volume of bigger pores (with diameters above 20 μm), i.e. the monolith FZC‒6 possessed higher volume of these pores. The latter was to be expected, since the same trend of decreasing number of bigger pores with increasing MA volume fraction was also observed at slow freezing rate (Fig. 4 in the manuscript). 
Supplementary Discussion 2: Estimation of permeability
Permeability characteristics of monoliths FZC‒5 and FZC‒7 were determined by gas permeation experiments. Forchheimer’s equation (Eq. 1) for compressible fluids [3] was used to determine Darcian (k1) and non-Darcian permeabilities (k2):
               (Eq.1)
Here, pi and po are the absolute pressures on upstream and downstream side, respectively. Q is the volumetric air flow rate at the sample exit, A is the cross-sectional area normal to the flow and L is the sample thickness. An air viscosity of η = 1.84×10-5 Pa·s and an air density of ρ = 1.16 kg·m-3 were assumed (po = 1004 mbar and T = 22 °C). In order to determine k1 and k2, a quadratic function was fitted to (pi2-po2/2poL) versus Q/A (Fig. S3), using the least-squares method.
The relationship between pressure drop and gas velocity Q/A was found to be indeed based on a quadratic relationship, indicating there are significant Non-Darcian contributions to the overall permeability characteristics. 
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Figure S3: Specific air flow through specimens versus pressure differential, shown for monoliths FZC‒5 and FZC‒7 (n = 3 per batch). 
Supplementary Discussion 3: Influence of freezing rate on compressive properties
The freezing rate had a considerable effect on compressive properties in axial direction (Fig. S4 and Table 4 in the manuscript). At lower MA volume fractions (φA < 0.054), higher yield points were measured for monoliths consolidated at slow freezing rate (1 °C/min). With increasing volume fraction (from 0.013 to 0.054), differences between yield points of slow and fast frozen monoliths decreased, reaching almost the same value at φA ≥ 0.054 (Fig. S4C). Better compressive properties of slowly frozen monoliths FZC‒2 and FZC‒5 can be readily explained by thickness of monolith pore walls. As already stated, at slower freezing rates, thicker walls were formed (Fig. S2B) that can withstand higher loads. At higher solid volume fractions, the compressive strengths, obtained in both directions, became similar. Since a well-defined columnar porosity could not evolve at as high volume fractions, pore structure was more random (Fig. 4D and 4E in the manuscript). As a consequence, differences in compressive properties in radial and axial direction disappeared. [image: ] 
Figure S4: Influence of cooling speed on compressive stress of monoliths prepared from suspensions with different content of MA powder and CNF.
Supplementary Discussion 4: Determination of thermal properties
Cylindrical monoliths were used to determine thermal conductivity in axial direction (parallel to ice growth front), while cubes were used to measure thermal conductivity in radial direction (perpendicular to ice growth front), as illustrated on Fig. S5. Cylinders had a diameter of 25 mm and minimum height of 20 mm (12 mm in the case of monolith MA‒CIP200), while the cubes used had a side dimension of 20 mm. 
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Figure S5: Illustration of measurement setup for the determination of thermal conductivity in axial (A) and radial (B) direction. The arrows indicate the in-plane (xy) and out-of-plane measuring direction (xz).

For the determination of specific heat capacity, a reference measurement was performed prior to an actual measurement. An empty cylinder, thermally insulated with polystyrene, was carefully heated with an applied power of 90 mW for 80 seconds. Under the conditions applied, the temperature inside the empty cylinder increased from 22.2 °C to 30.1 °C. Then the cylinder was left to cool down and a sample of known mass was placed inside it. The cylinder containing the sample was then again thermally insulated with polystyrene and heated. Electrical heating power was adjusted, so that the temperature increase was the same as in the reference measurement. Five independent measurements were performed, with a 2-hour conditioning time between measurements. 
Hot disk enables simultaneous determination of thermal conductivity (λ) in-plane (axial) and through the plane (radial) of the sample.  However, the as-determined radial λ is only valid if the sample has a homogeneous structure, i.e. evenly distributed and shaped pores along x- and z-axis as marked on Fig. S5A. As can be seen from SEM images (Fig. 4, A‒E in the manuscript) that is not the case for our monoliths, so the radial λ was determined in a separate measurement. The exception was the monolith MA‒CIP200 where due to its homogeneous pore shape axial and radial thermal conductivity could be determined with adequate certainty in a singular, anisotropic measurement.
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