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1. Methodology:
1.1. Synthesis:
1.1.1. [bookmark: _Hlk517645979]Hydrothermal synthesis: 
MIL-100(Fe) was produced using a hydrothermal technique described by Yoon et al.[44]  but without the use of hydrofluoric (HF) acid. Typically, the substance was synthesized by reacting trimesic acid with metallic iron, nitric acid, and H2O. The reaction mixture had a molar content of 1.0 Fe0: 0.67 1,3,5-BTC = 1,3,5-benzenetricarboxylic acid or trimesic acid: 0.6 HNO3: 277 H2O. The reactant mixture was placed into a Teflon autoclave, which was heated to reaction temperature and maintained at 160oC for 8 hours. Centrifugation was used to recover the light orange solid product, and the separated solids were purified in a two-step procedure involving equal parts water and ethanol. Purification was carried out at 80oC for 1 hour each time. After centrifugation, the solids were air-dried overnight.
Because scaling up the autoclave hydrothermal synthesis was problematic, another synthesis technique was devised. 
1.1.2. Progression of low-temperature synthesis: 
The hydrothermal synthesis technique is only viable in pressure vessels operating at high temperatures and autogenous pressure, with yield restricted by autoclave volume. As a result, the notion of low-temperature synthesis was adapted from the work of Shi et al. [45] using changes and using the same molar ratio as in the hydrothermal synthesis.
Based on the MOF water vapour capacity, the optimal reaction time and reactant concentrations were determined.  Water adsorption properties were evaluated using the previously described approach using a dynamic vapour sorption (DVS) gravimetric analyser (Advantage DVS, Surface Measurement Systems, UK) [19]. 
Fig. S1 demonstrates the influence of reaction time on water vapour adsorption. The water vapour capacity grew insignificantly as the period extended from 16 hours to 48 hours. When the duration was prolonged to 72 hours, the capacity fell considerably. This might be ascribed to the fact that the delayed reaction time resulted in the partial disintegration of the framework. [46].  A reaction period of 16 hours was determined as the reaction time based on the water vapour capacity. Trimesic acid and nitric acid molar ratios were also studied. Fig. S2 demonstrates the influence of trimesic (1,3,5-BTC (benzenetricarboxylic) acid concentration on water adsorption properties. The water vapour adsorption capability declined when the Fe0 : trimesic acid molar ratio rose or dropped above 1:0.67. This is due to a change in the stoichiometric ratio of reactants, where an excess of trimesic acid would result in the unreacted acid blocking the accessible pores and thus reducing water vapour uptake, whereas a lower amount of acid would result in an incomplete reaction and thus an excess of other reactants would block the pores. As a result, the Fe0: trimesic acid molar ratio of 1:0.67 was chosen as the optimal ratio.
	[image: ]

	Fig. S1 Effect of reaction time on MIL-100(Fe) water adsorption capacity at 25°C.


	[image: ]

	[bookmark: _Hlk506854739]Fig. S2 Effect of trimesic acid molar ratio on the water adsorption capacity of MIL-100(Fe) at 25°C.



Fig. S3 demonstrates the influence of nitric acid concentration on water adsorption properties. It can be shown that when the Fe0 : nitric acid molar ratio fell below 1:0.60, so did the water vapour capacity. This is due to the reactant ratio, where lower nitric acid concentrations may result in partial oxidation of metallic iron to Fe3+, resulting in unreacted acid and iron clogging the available pores and decreasing water vapour absorption. Higher nitric acid concentrations showed practically little impact, therefore a Fe0 : nitric acid molar ratio of 1:0.60 was chosen as the optimal ratio.
	[image: ]

	Fig. S3 Effect of nitric acid molar ratio on MIL-100(Fe) water adsorption capacity at 25°C.


[bookmark: _Hlk83319457]Finally, the material was made utilising the following reactants: trimesic acid containing metallic iron, nitric acid, and H2O. The reactant molar ratio was 1.0 Fe0: 0.67 1,3,5-BTC acid: 0.6 HNO3: 277 H2O. The reactant mixture was placed into the apparatus depicted in Fig. S4 consisting of a condenser, a round-bottomed flask and a hot plate stirrer. The flask loaded with reactants was heated to reaction temperature and held at 90-95oC for 16 hours. Centrifugation was used to recover the light orange solid product, and the separated solids were purified in two steps using an equal volume of water and ethanol. Purification was done at 80oC for 1 hour each time. After washing and centrifugation, the particles were dried overnight in a 50oC oven.. 
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	Fig. S4 MIL-100(Fe) low temperature synthesis apparatus.


2. Materials characterization:
This section discusses the methodologies utilised to characterise the MOFs under research and their composites. X-ray diffraction (XRD) and scanning electron microscopy (SEM) were used to describe all of the materials. The materials were further evaluated in terms of BET surface area using nitrogen adsorption, water adsorption characteristics, Fourier transform infrared (FTIR) spectroscopy, and thermal gravimetric analysis (TGA).
- The XRD patterns were obtained using a Siemens D5005 diffractometer with Cu Kα radiation (1.5418 Å). The spectra were recorded from 5 to 30° 2θ using a 0.02° step size.
- At 77 K, the N2 adsorption isotherm was measured and utilised to calculate the BET surface area. [47] a Quantachrome NOVA surface area analyser was used. At 393 K, each sample was evacuated, and the BET surface area was measured in the relative pressure range of 0.03 to 0.3.
At a relative pressure of 0.95, the total pore volume was estimated while the pore size distribution was calculated using the DFT method.
- Thermal gravimetric analysis (TGA) was used to examine the materials' thermal stability with Perkin Elmers Pyris 1. 
- Images of scanning electron microscopy (SEM) were captured using a CFEI Quanta 3D FEG FIB-SEM.
- FTIR measurements in the 650-4000 cm−1 wavenumber range were taken using a Perkin Elmer Spectrum 100 FTIR spectrometer.
- A NETZSCH-LFA 427 was used to test thermal conductivity [29].
- A dynamic vapour sorption (DVS) gravimetric analyser was used to assess water adsorption properties (Advantage DVS, Surface Measurement Systems, UK).
2.1. Electron microscopy:
SEM was used to analyse the morphology of MIL-100(Fe). The SEM picture of the synthesised MIL-100(Fe) crystals is shown in Fig. S5.
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	Fig. S5 MIL-100(Fe) SEM image.


[bookmark: _Hlk74179450][bookmark: _Hlk74179587]SEM was used to examine the morphology of MIL-100(Fe), MIL-101(Cr), and CPO-27(Ni), while TEM was used to examine the morphology of the produced composites. To represent the other composites, 50 percent MIL-101(Cr) and 50 percent CPO-27(Ni) composites were used. Physical and synthesized composited were compared to prove the formation of composites. Fig. S6a SEM images of parent MOF materials and TEM images of 50 percent CPO-27(Ni). The homogeneous mixing of CPO-27(Ni) and MIL-100(Fe) can be observed. The MIL-100(Fe) crystals grown on a CPO-27(Ni) agglomeration can be noticed. When MIL-100(Fe) was grown on Au nanoparticles [50] or on Fe3O4 [51], a similar pattern was found. On the other hand, Fig. S6b shows TEM images of the physical 50 percent CPO-27(Ni) composite showing distinct and independent crystals of MIL-100(Fe) and CPO-27(Ni).  The TEM images of the 50 percent MIL-101(Cr) and SEM images of MIL-100(Fe) and MIL-101(Cr) are shown in Fig. S7a. It can be noticed that once again the MIL-100(Fe) superpositioned on the crystals of MIL-101(Cr). Fig. S7b shows TEM images of the 50 percent MIL-101(Cr) physical composite where definite and separate crystals of MIL-100(Fe) and MIL-101(Cr) are noticed. Fig. S6a and S7a  prove the homogeneity in case of synthesized MIL-100(Fe) with MIL-101(Cr) composite and MIL-100(Fe) with CPO-27(Ni) composite.
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	Fig. S6 SEM images of CPO-27(Ni), MIL-100(Fe) and a. TEM images of 50 percent CPO-27(Ni)_synthesized composite and b. of 50 percent CPO-27(Ni)_physical composite.
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	Fig. S7 SEM images of MIL-100(Fe) , MIL-101(Cr) and a. TEM images of 50 percent MIL-101(Cr)_synthesized composite and b. of 50 percent MIL-101(Cr)_physical composite.



2.2. Powder XRD:
Fig. S8 depicts the powder XRD pattern of MIL-100(Fe) produced by autoclave and low-temperature (LT) synthesis, as well as its reactants: trimesic acid and iron powder. The diffraction peak coordinates of the synthesised MOF were found to be consistent with prior findings [48] showing that both approaches were effective in synthesising the substance. Furthermore, the absence of trimesic acid peaks shows that the acid residues were completely removed throughout the washing operations.
MIL-100(Fe) generated by both synthesis approaches was successful, and based on the possibility for scaling up, MIL-100(Fe) produced by the low temperature process will be studied further.
	[image: ]

		Fig. S8 Powder XRD patterns of synthesized MIL-100(Fe) (low temperature and hydrothermal /autoclave), iron powder and trimesic acid.






MIL-100(Fe) composites were created by including MIL-101(Cr) and CPO-27(Ni) in varying quantities dependent on the mass of MIL-100 (Fe). The XRD patterns of MIL-100(Fe), MIL-101(Cr), and the synthesised MIL-101(Cr)/MIL-100(Fe) composites are shown in Fig. S9a. The diffraction peaks of MIL-100(Fe) were maintained in all composites, indicating that the presence of pre-synthesized MIL-101(Cr) did not interfere with the production of MIL-100 crystals. It is also worth noting that the diffraction peaks of MIL-101(Cr) grew increasingly visible as the concentration of the compound rose. This demonstrates that both MOFs were present in the synthesised composite.
A similar pattern was seen with the CPO-27(Ni)/MIL-100(Fe) composites (Fig. S9b). MIL-100(Fe) crystals were formed despite the presence of CPO-27(Ni). Furthermore, all of the composites exhibited the typical diffraction peaks of both CPO-27(Ni) and MIL-100 (Fe).
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	Fig. S9 Powder XRD patterns of synthesized a. MIL-100(Fe), MIL-101(Cr) and MIL-101(Cr)/MIL-100(Fe) composites and b.  MIL-100(Fe), CPO-27(Ni) and CPO-27(Ni)/MIL-100(Fe) composites.



2.3. Nitrogen adsorption:
At 77 K, the surface area and pore volume of MIL-100(Fe) and its composites were determined using the nitrogen adsorption method. The adsorption isotherms of MIL-100(Fe), MIL-101(Cr), and their composites are shown in Fig. S10a, whereas those of MIL-100(Fe), CPO-27(Ni), and their composites are presented in Fig. S10b. 
Table. S1 shows the measured BET surface areas and pore volumes for the two types of composites and corresponding neat components.
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	Fig. S10 Nitrogen adsorption isotherms of a. MIL-100(Fe), MIL-101(Cr) and MIL-101(Cr)/MIL-100(Fe) composites and b.  MIL-100(Fe), CPO-27(Ni) and CPO-27(Ni)/MIL-100(Fe) composites at 77 K. 






Table. S1 Surface areas of MIL-100(Fe), MIL-101(Cr), CPO-27(Ni) and their composites
[image: ]
[bookmark: _Hlk73122086]The synthesized MIL-100(Fe) without using HF surface area of the was compared to that of MIL-100(Fe) using HF from the literature. It can be noticed that synthesized MIL-100(Fe) successfully maintained its high surface area. It only slightly decreased from 1754 m2g−1 when using HF[35] to 1481.6 m2g−1 in this study. Also, the synthesized MOF was compared to MIL-100(Fe) synthesized using the hydrothermal technique in autoclave. It can be noticed that the MIL-100(Fe) presented in this study had a slightly higher surface area as it was 1360 m2g−1 using an autoclave [49]. This shows that the atmospheric pressure-low temperature technique used in this study successfully produced the highly porous MIL-100(Fe).
In the case of the MIL-101(Cr)/MIL-100(Fe) composites (Fig. S10a and Table. S1), the MIL-101(Cr) had the largest surface area while the MIL-100(Fe) had the lowest. The surface area of the composite surpassed that of the parent MIL-100 as the amount of MIL-101(Cr) in the composite increased (Fe). This is due to the increased active mass of the high surface area MIL-101(Cr) in the composite, which increased the total surface area of the composite. This was also demonstrated in the pore size distribution curve (Fig. S11a), where it is clear that the composites adopt the pore size of both materials since they have the same crystal structure and comparable pore sizes. It is also clear that the MIL-101(Cr) had the largest pore volume, the MIL-100(Fe) had the lowest, and the composites were somewhere in the middle.
The reverse pattern was seen for the CPO-27(Ni)/MIL-100(Fe) (Fig. S10b and Table. S1), with the MIL-100(Fe) having the largest surface area and the CPO-27(Ni) having the lowest. The surface area of these composites decreased as the amount of CPO-27(Ni) increased. This is due to the lower surface area of CPO-27(Ni) compared to MIL-100(Fe). This was also visible in the pore size distribution curve (Fig. S11b), where the pore size distribution was clearly dominated by MIL-100(Fe), despite the fact that the two materials had entirely distinct crystal structures with varying pore sizes. It is also clear that the MIL-100(Fe) had the largest pore volume, the CPO-27(Ni) had the lowest, and the composites were somewhere in the middle.
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	Fig. S11 Pore size distribution of a. MIL-100(Fe), MIL-101(Cr) and MIL-101(Cr)/MIL-100(Fe) composites and b.  MIL-100(Fe), CPO-27(Ni) and CPO-27(Ni)/MIL-100(Fe) composites at 77 K.



2.4. Thermogravimetric analysis (TGA):
The thermal stability of MIL-100(Fe), MIL-101(Cr), CPO-27(Ni), and their composites was evaluated using the thermal gravimetric method, which recorded the change in mass with temperature under a nitrogen flow.
The TGA traces of MIL-100(Fe), MIL-101(Cr), and their composites are shown in Fig. S12a. All of the materials went through three rounds of weight reduction. The material was losing its guest, or free water trapped in the pores, in the first step. This equated to 20% of the original weight of MIL-100(Fe) at 73°C and 50% of the starting weight of MIL-101(Cr) at 137°C. The weight loss in the composites grew more equivalent to the neat MIL-101(Cr) as the amount of MIL-101(Cr) in the composites increased. The second stage was caused by the departure of co-ordinated water molecules, resulting in a significantly smaller weight loss in the temperature range of 73°C – 400°C. This is a wider temperature range than MIL-101(Cr) (137-337°C), although it is similar to MIL-100(Fe). This indicates that the resulting composites are more thermally stable than the parent MIL-101(Cr). The last step occurred as the temperature climbed, and the weight loss was caused by the decomposition and the breakdown of the terephthalic and trimesic acids structure.
Fig. S12b depicts the thermal analysis of MIL-100(Fe), CPO-27(Ni), and their composites. Again, there were three phases of weight reduction for all materials. The initial stage in which the material lost its guest or free water trapped in the pores, equivalent to 20-30% of its weight. It can be shown that as the amount of CPO-27(Ni) in the composite grew, so did the amount of adsorbed water and the temperature at which it can be desorbed. This is because the synthesised composites have a larger water vapour capacity than MIL-100(Fe) and a lower desorption temperature than CPO-27 (Ni). The second stage was caused by the coordinated water molecules leaving, resulting in a rather moderate weight loss in the temperature range of 123–423°C for the three composites. This is a wider temperature range than CPO-27(Ni), implying that the synthesised composites were more thermally stable than the parent CPO-27 (Ni). The last step occurred as the temperature increased, and the weight loss was attributable to the breakdown of the structure and the decomposition of both the dihydroxyterephthalic and trimesic acids.
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	Fig. S12 Thermogravametric analysis of a. MIL-100(Fe), MIL-101(Cr) and MIL-101(Cr)/MIL-100(Fe) composites and b.  MIL-100(Fe), CPO-27(Ni) and CPO-27(Ni)/MIL-100(Fe) composites.



2.5. Fourier Transform Infrared Spectroscopy (FTIR): 
The FTIR method was used to investigate the presence of functional groups in MIL-100(Fe), CPO-27(Ni), and their composites (Fig. S13a). Significant bands are ascribed to –OH, C=O, C=C, and Fe–O vibrations. This is consistent with the reported MIL-100(Fe) spectrum [49, 52].
It is worth noting that all of the composites retained the MIL-100(Fe) and CPO-27(Ni) characteristic bands. The vibration at 1628 cm–1 in MIL-100(Fe) is related to the interaction between the craboxylate and the Fe3+ ion in the structure, whereas the band at 1385 cm–1 is attributed to carboxylate group stretching. All of the composites have the CPO-27(Ni) characteristic bands at 1560 and 1244 cm–1. The presence of such bands in the composites' spectra demonstrates the coexistence of the two structures. The similar finding was made for MIL-100(Fe)/MIL-101(Cr) composites (Fig. S13b). It can be seen that all of the composites retained the bands of both MIL-101(Cr) and MIL-100(Fe), indicating that MIL-100(Fe) was effectively formed on MIL-10(Cr) crystals.
	(a)


	(b)


	Fig. S13 FTIR spectra of a. MIL-100(Fe), CPO-27(Ni) and CPO-27(Ni)/MIL-100(Fe) composites and b.  MIL-100(Fe), MIL-101(Cr) and MIL-101(Cr)/MIL-100(Fe) composites.


2.6. [bookmark: _Hlk136197731]True density:
MIL-100(Fe), MIL-101(Cr), CPO-27(Ni), and their 50 percent composites have their true and bulk densities determined. The values of the true, bulk densities, and porosities of the 50 percent MOF composites are shown in Table. S2.



[image: ]Table. S2 Porosity, bulk and true densities of MIL-100(Fe) composites:

2.7. [bookmark: _Hlk136197795]Thermal conductivity:
Thermal conductivity is an essential characteristic of adsorbent materials because it regulates the rate of heat transfer and hence the overall effectiveness of the adsorption system. Fig.S14 depicts the thermal conductivities of MIL-100(Fe), MIL-101(Cr), CPO-27(Ni), and their 50 percent composites. CPO-27(Ni) exhibited the greatest thermal conductivity among the parent materials, followed by MIL-100(Fe), while MIL-101(Cr) had the lowest value. This is due to the large free volume of MIL-101(Cr), as previously mentioned. Measurements of specific heat capacity showed that MIL-100(Fe) had a specific heat capacity of 0.99 kJ (kg K) –1, whereas the 50 percent MIL-101(Cr)/MIL-100(Fe) composite had a specific heat capacity of 1.05 kJ (kg K) –1, and the 50 percent CPO-27(Ni)/MIL-100(Fe) composite had a specific heat capacity of 1.03 kJ (kg K) –1. 
	[image: ]

	Fig. S14 Thermal conductivity of  MIL-100(Fe), CPO-27(Ni), MIL-101(Cr) and their composites.
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