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1. Characterization of MOF/wood composites

1.1 Comparison of humidity regulation performance of MOFs and other porous materials.
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Figure S1 Comparison of water adsorption capacity and desorption trigger points between as-synthesized

MOFs and representative water-adsorbing porous materials.

1.2 Synthesis and characterization of MOF.

Figure S2 SEM images of synthesized MIL-101(Cr).
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Figure S3 DVS sorption isotherms of synthesized MIL-101(Cr).
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1.3. Comparison of surface area of MOF/wood composites.

Table S1 Comparison of the loading and surface area with MOF/wood composite with literatures.

Samples MOF loading SBET (m?g?) References
ZIF-L/Wood aerogel 36 6 1
CALF-20/Delignified wood 10 33.5 2
Zn(Melm),/Delignified wood 4.1 37 3
AIBTC/Delignified wood 3.3 38 3
Ui0-66-NH2/Wood aerogel 29 46 1
ZIF-8/Wood aerogel 7.5 48.36 4
UiO-66/Delignified wood 11.1 56 °
ZIF-8/Delignified wood 12.1 131 S
Cuz(BTC)./Delignified wood 10 136 3
MIL-100(Fe)/Delignified wood 25.4 170 6
MOF-199/Delignified wood 11.3 186 °
NH2-MIL-53/Carbonizaed wood 52.2 185 !
CoNiP-C/ Carbonized wood / 238.6 8
Co@C/Cabonized wood / 280 9
ZIF-8/Basswood 4 16.896 1o
ZIF-8/Beech wood 1.8 26 1
MIL-53(Al)/Pine 13.4 92 12
ZIF-8/Balsa wood 7.9 116 13
ZIF-8/Pine 13.4 236 12

MIL-101(Cr)/wood 17.08 316 This work




1.4 Characterizations of MOF/wood composites
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Figure S4 (A-C) Elemental maps of C (blue) and Cr (red) for MOF/wood composite, showing the successful
loading and uniform dispersion of MOF in the wood scaffold. (D) Energy dispersive X-ray spectroscopy (EDX)

spectra of MOF/wood composite.

A One-time impregnation C Multi-time impregnation

1% MOF loading
B One-time AW °  15.time
impregnation i impregnation

17% loading
L

" 1% loading A
L
Figure S5 Influence of impregnation times. (A) Schematic representation and (B) SEM image of the MOF

coating state on wood cell wall after one-time coating. (C) Schematic representation and (D) SEM image of

the MOF coating state on wood cell wall after 15-time coating.



1.5. Porosity characterization
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Figure S6 N2 sorption curves of wood/MOF after one-time and 15-time coating.
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Figure S7 Pore volume distribution of native wood composite, MIL-101(Cr) and MOF/wood calculated from

N2 sorption.

Table S2 BET specific surface area of Native wood, MIL-101, and MOF/wood composite with one time

coating and 15-time coating calculated from N2 sorption.

BET specific surfaces from N2 sorption

Sample name
inm?gt:
Native wood 0.343
MIL-101 2791
MOF/wood composite (1-time) 168
MOF/wood composite (15-time) 316




1.6. Mechanical performance.

Table S3 Ultimate tensile stress of different wood samples

Samples Ultimate tensile stress (MPa)
Native wood 404 +11.6
Lasered wood 239+7.3
MOF/wood composite 23.8+ 3.6

2. Humidity regulation performance study.
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Figure S8 Water sorption isotherms of wood/MOF after one-time and 15-time coating.
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Figure S9 Images of the testing chamber with four sample windows.

3. Understanding Moisture Transport in Wood through Numerical Simulations.

The dimensions of the lasered holes and the volumetric ratio of porous wood to the lasered hole were estimated
based on the SEM images in Figure 1. To provide a comprehensive view, the 2D results on the longitudinal
section through the middle of the simulation domain are shown, with three lasered holes stitched together.
Figure 5 depicts the simulated results exclusively in the adsorption process for enhanced clarity.
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This study employs a two-phase moisture transport model for porous wood which considers both liquid water
advection and water vapor diffusion.** For this model, two transport coefficients must be determined, water
permeability for the liquid advection and water vapor diffusion coefficient. However, it is hard to measure
them separately in a porous material at a given moisture condition. Measurements generally consider the
moisture as a pure diffusion process; thus, the moisture diffusivity at different moisture contents can be
determined, which includes transport of both liquid water advection and water vapor diffusion. This study
utilizes the measured moisture diffusivity curve to determine water permeability and vapor diffusion
coefficient. The black curve in Figure S11 was fitted based on the measured moisture diffusivity for native
wood in the tangential direction summarized in literature.'> However, no moisture transport coefficients for
the MOF/wood composite were found in the literature. Therefore, we assumed the same water permeability
for MOF/wood composite as for native wood and the corresponding results are presented in Figure S11.
Notably, the diffusivity for MOF/wood composite generally exceeds that of native wood. The significant
increase in moisture degree from 0.4 to 0.6 is attributed to the abrupt change in moisture content observed in

the measured sorption isotherm (Figure 3A).
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Figure S10 Illustration of the 3D model for numerical simulation.
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Figure S11 Moisture diffusivity in the tangential direction for the native wood and MOF/wood composite.

Moisture diffusivity for native wood were measured in different studies and summarized in literature.® The



moisture diffusivity for the MOF/wood composite was calculated by using the same water permeability and

water vapor diffusion coefficient as the native wood.
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