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Section 1: X-ray tomography analysis of WTi-Pt2.5 

X-ray tomography was performed with the Easy Tomo XL setup produced by RX Solutions 

(https://www.rxsolutions.fr/) and installed at Empa’s Center for X-ray Analytics 

(https://www.empa.ch/web/s499/nano-ct). Such setup employs a micro-focus, direct transmission X-ray source and 

a flat panel X-ray detector. The X-ray source is a Hamamatsu L10711-02, with a LaB6 filament and a W target 

deposited on a 1 𝜇m-thick diamond substrate. Such target, along with the electro-optics for focusing the accelerated 

electron beam, allows achieving an X-ray source focal spot size at the sub-𝜇m length scale. 

The X-ray detector, produced by Varian, is a 2D array of 1920 × 1536 pixels, each with physical size 𝑝 = 127 𝜇m. 

The X-ray photon detection mechanism consists first of their conversion into visible light photons by a thin layer 

of CsI deposited as a scintillator screen on top of each pixel. The produced visible light photons are then converted 

into electrical charges inside the pixel themselves, which are made of amorphous Si. 

The X-ray tomography measurement was performed by setting an electron beam current of 121 𝜇A and an 

acceleration voltage of 40 kV. The produced X-ray beam thus contained photons with maximum energy of 40 keV. 

Given the small size of the focal spot of the electron beam on the source’s target (corresponding to the size of the 

actual X-ray source), the X-ray beam is contained within a conic region with maximum angle of 140°, providing an 

intrinsic geometrical magnification with factor 𝑀 for the line projection (2D) images of the measured object (also 

called radiographs). The effective pixel size of a radiograph is thus �̃� =
𝑝

𝑀
. 𝑀 depends upon the source-to-detector 

distance, 𝑑𝑆𝐷, and upon the source-to-object distance, 𝑑𝑆𝑂, according to the relationship 

𝑀 =  
𝑑𝑆𝐷

𝑑𝑆𝑂
. In our case, 𝑑𝑆𝐷= 1156.05 mm and 𝑑𝑆𝑂= 4.13 mm, leading to 𝑀 ≅ 279.9, thus �̃� ≅ 450 nm. 

The tomographic measurement consisted in acquiring 2400 radiographs of the specimen (object) at respective, 

distinct orientation angles around a vertical axis (parallel to the gravitation field and passing approximately through 

the center of mass of the specimen) distributed evenly within 360°. Each radiograph stored by the acquisition 

software of the setup is not just the raw 2D line projection image of the specimen at a given orientation angle, rather 

the result of a processing consisting in normalizing it, pixel-wise, by the average of 50 radiographs acquired in the 

absence of the specimen (so called “flat field” radiographs), after having subtracted, pixel-wise, from both the 

specimen radiograph and from the average flat field one the so called “dark current” radiograph. The latter 

radiograph is the average of 50 of them acquired in the absence of the X-ray beam in order to obtain a pixel-wise 

spatial distribution on the detector plane of the random noise of the pixelated detector. 

From the set of 2400 radiographs, the actual 3D image, called tomogram, was produced by using a standard cone 

beam tomographic reconstruction algorithm based upon the conventional filtered back-projection approach,1 

implemented for GPU computing in the XAct tomographic reconstruction software by RX Solutions. Such 

https://www.rxsolutions.fr/
https://www.empa.ch/web/s499/nano-ct


 3 

tomogram provides the spatial distribution, on a structured and regular cubic lattice with 1872 × 1872 × 1409 nodes, 

of a variable which is a proxy of the X-ray attenuation coefficient, 𝜇, with physical dimension of the inverse of a 

length. Each node is separated from its nearest neighbors by �̃� in each of the 3 directions of the Cartesian frame of 

reference. Figure S1 shows a 2D cross-section from the X-ray tomogram on a plane orthogonal to the longitudinal 

direction of the wood cell structure. 𝜇  is proportional to the volumetric mass density, 𝜌, and to a power of the 

effective atomic number of the wood cell tissue, 𝑍𝑒𝑓𝑓. In Figure S1, brighter grey tones correspond to higher 𝜇 

values, darker grey tones to lower 𝜇 values. We would like to remind that despite the geometrical sampling of the 

𝜇 values in the X-ray tomogram happens on a regular lattice with step size equal to �̃� = 450 nm (which is also the 

voxel size of the tomogram), the actual spatial resolution of the tomogram is approximately 2 × �̃�, because of 

intrinsic geometric point spread function-related limitations and different types of artifacts in the image formation 

and reconstruction processes, additional to the effects of noise. 

 

Figure S1. Example of a 2D cross-section from the X-ray tomogram of the specimen on a plane orthogonal to 

the longitudinal direction of the wood cell structure. Brighter pixel values correspond to higher X-ray attenuation 

coefficient values, while darker tones to lower ones. The Cartesian frame of reference sketched on the bottom-

left corner of the image show the tangential (T) and radial (R) directions, respectively, of the wood cell structure. 

The longitudinal direction is approximately the out-of-plane one of the image. 

The X-ray tomogram was used primarily for a qualitative characterization of the wood cellular structure of specimen 

WTi-Pt2.5, with the aim of determining any influence on it of the delignification, the subsequent impregnation in 

the solution with the Pt precursor + TiO2/Ce and the final heating at 250%. However, we also performed a semi-

quantitative characterization of pore size distribution at a length scale above the tomogram's spatial resolution, i.e., 

above about 1 𝜇 m. In addition, the X-ray tomogram also provided the starting point for generating a 3D 
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computational domain for the gas transport simulations by the lattice Boltzmann method. See Section 4 below for 

details about such numerical simulations. 

The computational domain consisted of a structured, cubic lattice of voxels with the same size and position as the 

voxels of the tomogram but with either of two possible classifying labels associated with them, to identify two 

possible material phase: the empty pore space of the wood cell structure and the wood cell wall. 

We implemented in the commercial 3D image processing and analysis software Avizo 3D (Ver. 9.6) by 

ThermoFisher Scientific one image processing workflow for performing such voxel binary classification (also 

called segmentation) and for the successive pore size distribution analysis. 

The workflow consisted of the following steps. 

(1) The signal-to-noise ratio of the voxel values in the raw X-ray tomogram was increased by applying to it a 

type of edge-preserving smoothing filter. The image filter which we adopted is the non-local means filter 

originally proposed by Buades et al.,2 implemented in Avizo 3D for GPU (Graphical Processing Unit) 

computing under the module called “Non-Local Means Filter”. We ran the corresponding algorithm by 

setting the “Search window” size parameter equal to 21 voxels, the “Neighbourhood” size parameter equal 

to 5 voxels and the “Similarity” parameter equal to 0.5. 

(2) In order to segment the voxels of the cell wall structure, we applied to the filtered tomogram Canny’s 

hysteresis thresholding algorithm,3 which allows (a) assigning the voxels with value above an upper 

threshold value to one class (the wood cell wall), (b) assigning the voxels with value below a lower 

threshold to the complementary class (the wood pore space) and (c) assigning the voxels with values in 

between those two thresholds to the wood cell wall if and only if they were connected with voxels already 

assigned to the same class. The lower and upper thresholds values were manually chosen based upon 

repeated runs of the algorithm by qualitatively evaluating the errors produced in the classification task. 

(3) A new tomogram was produced from the classification results of step (2): the voxels classified as wood cell 

wall ones were assigned a value of 255 while all the others a value of 0. The format of such “binary” 

tomogram was a stack of 2D, unsigned integer 8-bit TIFF images, each one being a 2D cross-section 

(“tomographic slice”, in tomography jargon) from the 3D volume, separated from each other along the 

vertical axis of the specimen by a gap of one voxel. 

(4) We applied two processing steps in a row to the binary tomogram produced in step (3) in order to improve 

the cell wall segmentation results. The first step consisted of “removing” all the “clusters” of connected 

voxels classified as belonging to the cell wall when the cluster had a total number of such voxels smaller 

than 2000. The removal simply consisted in reassigning to the voxels of such clusters a value of 0, instead 

of 255. The operation was performed with Avizo 3D’s module “Remove small spots”. This operation 

allowed to eliminate the majority of wrongly classified parts which, just because of noise in the original 
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tomogram, had voxel value higher than the average value for the pore space voxels. The second step 

consisted then in applying to the small spots-removed binary tomogram an algorithm for “closing holes” 

appearing in the bulk of the cell wall. We used for such purpose Avizo 3D’s “Fill holes” module, which 

takes implements a sequence of binary image processing operations, the most important of which is the 

application of a geodesic dilation operator (a type of mathematical morphology function).4 Such holes were 

also residual artefacts of the noise originally present in the raw tomogram and not completely removed by 

the non-local means filtering. 

Figure S2 below shows the same 2D-cross section from the raw tomogram, as in Fig. S1, except for overlaying 

on top of it a semi-transparent red “mask” highlighting which voxels were classified, at the end of the workflow, 

as belonging to the cell wall. It is possible to appreciate in fig. S2, as an example, the level of accuracy in such 

classification. 

 

Figure S2. Same image as in Fig. S1 except that the voxels identified as containing the wood cell wall via the 

3D image segmentation workflow have now a semi-transparent red overlay for showing the results of the cell 

wall segmentation. 

(5) We applied a Boolean logics NOT operator to the improved binary tomogram of the cell wall of setp (4), 

in order to produce a binary tomogram for the pore space above the spatial resolution of the tomogram. 

(6) Partly due to noise in the starting tomogram partly due to small X-ray attenuation contrast by the wood 

tissue, partly due to the spatial resolution achieved, parts of thin wood cell wall are not always completely 

resolved. As a consequence, the pore space binary tomogram consists of pore space regions highly 

interconnected with each other. Some of those regions were physically interconnected, because of a broken 

cell wall. However, others were spuriously identified as connected simply because the segmentation 

workflow up to step (4) could not resolve the cell wall. In order to correct for such artifacts, we applied to 
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the pore space binary tomogram a sequence of mathematical morphology operators and watershed 

transform all implemented in Avizo 3D in a single module called "Separate Objects", which is designed for 

separating at watershed transform surfaces distinct regions of a unique object. We set for such module the 

following parameters: we use a 26 neighborhood topology and a marker extent equal to 10 voxels. The 

output of such module was a new pore space binary tomogram differing from the previous one for "cuts" 

at thin regions interconnecting larger parts. Such separation allowed achieving a more realistic pore space 

binary tomogram with separation between distinct cell which appears almost interconnected in the original 

tomogram because of the three reasons mentioned above. 

(7) We performed a label analysis of the separated pore space binary tomogram, consisting in identifiying 

distinct groups of continuously interconnected voxels classified as pore space voxels in the previou steps. 

Each single group (called for simplicity here as "wood cell") was digitally labelled and some feature 

variables were computed, among which the cell's center of mass, �⃗�𝑐 = (𝑥1,𝑐 , 𝑥2,𝑐, 𝑥3,𝑐), and its shape tensor, 

𝑮 = {𝐺𝑖𝑗}
𝑖,𝑗=1,2,3

, where 

 

𝐺𝑖𝑗 ≡ ∫ (𝑥𝑖 − 𝑥𝑖,𝑐)(𝑥𝑗 − 𝑥𝑗,𝑐)𝑑�⃗�
𝑅

, ∀ 𝑖, 𝑗 = 1,2,3 (ES1) 

 

where 𝑅 indicates the volume of the cell, �⃗� = (𝑥1, 𝑥2, 𝑥3) is the position of a generic point inside 𝑅. The 

set of distinct, separated and labelled wood cells constituted a statistical ensemble for the size distribution 

analysis described in the following point. The total number of separated wood cells was 421. 

(8) The wood cells of our wood specimens have a large variety of shapes. The majority of them are rather 

regular lumens, i.e., 3D objects significantly elongated along the wood cell longitudinal (L) direction. Other 

wood cells are parts of lumens connected by broken or absent cell walls to rays. Others are parts of lumens 

located at the boundaries of the specimen, cut by the specimen preparation. The latter two types of wood 

cells have more complicated shape than regular lumens, with "protuberances" extending in different 

directions. Figure S3 below shows an example of a still rather regular, segmented and separated lumen 

which spans the full size of the specimen along the L direction but which is connected with some parts of 

rays at distinct locations along such direction. Such connections of the main lumen with other parts of the 

pore space entails such 3D object a less regular shape as that of a cylindrical-like object with rectangular 

cross-section. 

Given such shape features of the segmented wood cells, they are 3D objects without a unique size: their 

size depends upon the direction along which it is measured. Since the wood cell structure is anisotropic and 

characterized by 3 approximate directions, orthogonal to each other (the L direction, the tangential or T 

direction and the radial or R direction), and considering that lumens can be considered as approximately 
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mainly eleongated along the L direction, we chose to compute two wood cell structure-related definitions 

of cell size: the size along the L direction and the maximum size on the plane orthogonal to the L direction, 

called the T-R plane in Fig. 2c of the article. These two size variable have unique definitions and refers to 

directions which are strongly correlated with the shape and poromechanical anisotropic properties of the 

wood cell structure. 

The L size and the T-R plane size of a segmented wood cell are defined as the first two lateral sizes of the 

rectangular box circumscribing the cell and oriented along its first two principal axes. The principal axes 

directions of a wood cell (or generically of a 3D object) are those of the eigenvectors �̂�1, �̂�2, �̂�3 of the shape 

tensor 𝑮 of the cell itself, associated with 𝑮's eigenvalues 𝜆1 ≥ 𝜆2 ≥ 𝜆3.5-7 Since 𝑮 is a symmetric matrix, 

it can be always diagonalized, thus its eigenvalues and eigenvectors can be always computed. The 

eigenvalues are also sorted in decreasing order and are semipositive. The directions of the respective 

eigenvectors, �̂�1, �̂�2, �̂�3, indicate the directions along which the cell is mostly elongated, successively. By 

having set the Cartesian frame of reference of the X-ray tomogram approximately along the L-T-R 

directions of the wood cell structure, the direction of �̂�1 is approximately along the L direction, while, 

consequently, the plane spanned by �̂�2 and �̂�3 is approximately parallel to the T-R plane. 

For each of the 421 segmented and separated wood cells, we computed the eigenvalues and eigenvectors 

of its shape tensor  , then we computed the rectangular bounding box of the cell being oriented along such 

eigenvectors. The first two largest lateral sizes of such rectangular box were defined as the L and T-R plane 

sizes of the cell. See the annotations in Fig. S3b for an example of wood cell with its bounding box oriented 

along its principal axes (highlighted in blue) and for the definition of the cell's L and T-R plane size. 

The example in Fig. S3 of shape tensor analysis of the wood cell highlights an important feature: any 

irregularity in the cell's shape, e.g., in Fig. S3, due to the connection between part of a lumen with parts of 

rays, leads to overestimation of the L and T-R plane size. Indeed, in Fig. S3, it is possible to see that the 

parts of the rays connected to the lumen and belonging to the same "wood cell" leads to a bounding box 

which has extent on a plane approximately parallel to the T-R one larger than that of the lumen itself. Thus, 

we remark that the L and T-R plane size distributions shown in Figs. 2b and 2c of the article are likely 

affected by a systematic overestimation bias because the segmented and separated wood cells do not always 

have a regular shape equal to that of lumens only. 

(9) For both the L and the T-R plane size variables, we reconstructed their approximated probability density 

function (PDF) from their 421 sampled values obtained from the shape tensor analysis described at step (8) 

above. We used a non-parametric, kernel density method based upon the Parzen-Rosenblatt approach, 

choosing as kernel a Gaussian function.8 For the actual computation we used the built-in Matlab (version 

R2019b) function fitdist with fitting function model option 'Kernel' and the value 'normal' for its input 

argument called 'kernel'.  
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Since a size is a non-negative, real-valued variable, we set the input argument 'Support' of the function 

fitdist as 'positive'. An example of call of such Matlab function as used by us for computing the kernel 

density estimate of the PDF of a n-dimensional vector of samples of a random variable is the following, 

 

kernelDensEstimate = fitdist(Samples,'Kernel','kernel','normal','Support','positive') 

 

where the variable Samples is the n-dimensional array of values of the analyzed variable, in our case 

either the L size or the T-R plane one. The choice of restricting the domain of kernel density estimation 

led to a systematic and spurious increase of values of the estimated PDF towards the 0 of the size axis, 

due to the constraint that the area below the estimated PDF must be equal to 1 as the definition of a PDF 

prescribes. 

 

 
 

Figure S3. Example of a single segmented "wood cell" and of the bounding box oriented along its principal axes. 

(a) 3D computer graphics rendering of the X-ray tomogram of the WTi-Pt2.5 specimen (in gray tones), similalrly 

as shown in Figure 2a of the main article but by making the rendered tomogram partly transparent and by cutting 

out from the rendered volume a distinct region. The region cut-out contains partly the 3D rendering of a single 

"wood cell" (in solid blue color) isolated from the pore space binary tomogram obtained at step (6) of the 3D 



 9 

image analysis workflow. (b) The same segmented and separated "wood cell" is rendered along with its bounding 

box (in blue) oriented along the principal axis of the cell itself, calculated by the shape tensor analysis described 

at step (8) of the analysis workflow. The chosen "wood cell" shown here actually includes a very long lumen 

connected with parts of wood rays, which force the bounding box to have size along the wood cell's principaly 

axes larger than the actually similar sizes of the lumen alone. The orange rectangular boxes in both (a) and (b) 

indicate the full extent of the tomogram's volume. Notice that both the scaling and the orientation of the 3D 

rendered scene is not exactly the same in (a) and (b). 
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Section 2: Figures S4 to S11 

  

Figure S4. STEM image of the free-standing TiO2/Ce xerogel. The TEM sample was prepared by calcination of 

the WTi at 600 oC in a muffle furnace for one hour. The resulting powder was dispersed in ethanol using a sonication 

bath. The suspension was then dropped onto the TEM grid. 

Figure S5. (a) TGA and DTA curves of the wood cellulose scaffold; (b) TGA and DTA curves of WTi. 
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Figure S6. XRD patterns of WTi after heat treatment at 250 oC for 2 hours (WTi); WTi after soaking into the platinum 

precursor solution (WTi-Pt(NH3)4(NO3)2) named as WTi-TAPN, as well as WTi-Pt2.5. respectively. Please refer to 

the Materials and methods section for details on the sample preparation. The two diffraction peaks locating at 15º, 

16.5º and 22.5º can be assigned to the (1-10), (110) and (200) planes of Cellulose I according to previous 

publications.9, 10 
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Figure S7.  N2 adsorption-desorption isotherms (a) and their pore size distribution curves (b) of native spruce 

wood (red), WTi (blue) and WTi_Pt2.5 (black). 
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Figure S8. EDX spectrum extracted from the EDX-mapping as shown in Figure 2f.  

 

 

Figure S9. XPS depth profiles of WTi-Pt2.5. We used XPS depth profiling to characterize the distribution of Pt 

element. In a first depth profile the relative concentrations were measured using 4kV Ar-Ions perpendicular to the 

longitudinal direction of the wood cells with total sputter times of 0 min, 1min, 2.5 min and 5 min. This corresponds 

to nominal depths on Ta2O5 of 0 nm, 20 nm, 50 nm, and 100 nm, respectively. As shown in the depth profiles, the 
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surface atomic ratios of Pt in WTi-Pt2.5 dropped down significantly after 5 min of Ar-Ions sputtering. However, as 

the wood surface has an anisotropic microscaled roughness, which is structured by concave lumen channels along 

the longitudinal direction and ridges originating from double cell walls. Therefore, for the second, following depth 

profile at the same location the sample was rotated by almost 90°, with the result that the Ar-Ions hit the surface 

parallel to the longitudinal direction of the wood cells. By that the Pt concentration was further reduced during the 

following 10 min of sputtering. After this sputtering,  the sample was rotated back to the initial position and the Pt 

concentration measured again. Pt concentration was in total reduced from 8.7 at% to 0.6 at% by the Ar-ion 

sputtering (Table R1). In summary, the results strongly indicate that the Pt atoms mainly located on the cell wall 

surfaces. 

 

 

 

Table S1. The atomic concentration of the surface of WTi-Pt2.5 before and after Ar sputtering. 

 

 

 

 

 

 

 

 

Figure S10. k-weighted EXAFS spectra at the Pt L3-edge for the (from the top) Pt-foil, PtO2, WTi-Pt2.5, and 

Tetraammineplatinum(II) nitrate (TAPN). 

Specimen C1s O1s Ti2p Pt4f 

Initial 56.5 30.0 4.8 8.7 

After 

sputtering 
49.3 32.8 17.3 0.6 
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Figure S11. The k2-weighted EXAFS Fourier transform for the WTi-Pt2.5 specimen shown as a function of the 

radial distance R. The experimental data and the fit is shown in black and red, respectively. An R-range of 1.3-3.1 

Å (indicated by the green line) and k-range of 3-10 Å-1 were used. 

 

 

 

 

 

 

Table S2. Comparison of the ethylene conversion activities. Please refer to the experimental section for the reaction 

conditions. 

Catalyst Mass acativity / h-1 

               WTi-Pt2.5 8.575 

               WTi-Pt10 3.740 

               WTi-Pt1.0 8.128 
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Table S3. Comparison of the ethylene conversion activities. 

Catalyst 
T 

(ᵒC) 

Catalyst mass 

 (g) 

Flow rate 

(mL· min-1) 

C2H4 Conversion 

( %) 

Mass acativity 

( h-1) 

Co3O4 0 0.25 60 30 0.00231 

1%Au/Co3O4 0 0.25 60 50 0.31661 

2.5%Au/Co3O4 0 0.25 60 76 0.19251 

1.8%Pt/SBA-15 0 0.4 10 100 0.03632 

1%Pt/SBA-15 25 0.2 15 38.6 4.83883 

5%Pt/SBA-15 25 0.2 15 52 1.30373 

1%Pt/MCM-41 0 0.4 10 100 0.06534 

0.5%Pt/ZSM-5 25 0.2 25 100 1.30585 

WTi-Pt2.5 0 0.8 10 100 79.3802this work 

 

1. Ma, C. Y.; Mu, Z.; Li, J. J.; Jin, Y. G.; Cheng, J.; Lu, G. Q.; Hao, Z. P.; Qiao, S. Z., Mesoporous Co3O4 and Au/Co3O4 

Catalysts for Low-Temperature Oxidation of Trace Ethylene. J. Am. Chem. Soc. 2010, 132, 2608-2613. 

2. Satter, S. S.; Yokoya, T.; Hirayama, J.; Nakajima, K.; Fukuoka, A. Oxidation of Trace Ethylene at 0 °C over Platinum 

Nanoparticles Supported on Silica. ACS Sustain. Chem. Eng. 2018, 6, 11480-11486. 

3. Kou, Y.; Sun, L. B. Size Regulation of Platinum Nanoparticles by Using Confined Spaces for the Low-Temperature Oxidation 

of Ethylene. Inorg. Chem. 2018, 57, 1645-1650. 

4. Jiang, C.; Hara, K.; Fukuoka, A. Low-Temperature Oxidation of Ethylene over Platinum Nanoparticles Supported on 

Mesoporous Silica. Angew. Chem. Int. Edit. 2013, 52, 6265-6268. 

5. Yang, H.; Ma, C.; Wang, G.; Sun, Y.; Cheng, J.; Zhang, Z.; Zhang, X.; Hao, Z. Fluorine-Enhanced Pt/ZSM-5 Catalysts for 

Low-Temperature Oxidation of Ethylene. Catal. Sci. Technol. 2018, 8, 1988-1996. 

 

The mass activity, which indicates the ethylene turn over number per mole of active specie in the 

catalyst per hour, was calculated according to the formula below. 

𝑀𝑎𝑠𝑠 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝐶𝑜𝑛.× 𝐶𝐶2𝐻4 × 𝑟 × 60

(𝑘 ×  1000000 × 1000) × (𝑚𝑐 × 𝑤𝑡.÷ 𝑀𝑐)
 

Con.: conversion rate; CC2H4: ethylene concentration; r: flow rate; k: mole volume at the standard condition which 

is 22.4 L/mol; mc: the mass of catalyst; wt: concentration of active species; Mc: mole mass of active species 
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Section 3 

Movie S1: 3D, animated rendering of the X-ray tomogram of the WTi-Pt2.5 specimen. The movie was created 

using Imaris Software. The movie shows a 3D, computer graphics rendering of the X-ray tomogram with some 

“clipping” plane moved into the 3D rendering scene. The portion of the tomogram above the introduced is made 

completely transparent, while such plane is moved around. The dynamic scale bar in the movie is 200 µm. 
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Section 4: Modeling of the gas transport process 

Ethylene transport: In our model, we assumed that the only mechanism of ethylene transport was via 

diffusion. Therefore, the simulation of ethylene transport inside the sample was done using the lattice 

Boltzmann method. The mass transport was characterized by the diffusivity of ethylene molecules in the 

surrounding atmosphere, which we assumed to be only air. In our simulations, ethylene molecules could 

only be transported across voxels that contained air. The evolution of the ethylene density of each voxel 

was then determined by the lattice Boltzmann equation. 

The dimension of the original sample was 1236 × 783 × 1409 voxels where each voxel had a linear 

dimension of 450 𝑛𝑚, predetermined by the voxel size of the X-ray tomogram. In order to keep the 

memory requirements and computation time of the simulation at a reasonable level, we coarse-grained the 

sample and reduced its resolution by approximately a third. Therefore, the sample used in the simulation 

in fact had 370 × 234 × 470 voxels. 

Lattice Boltzmann Method: To model the propagation of ethylene throughout the structure, we solved 

the mass transport equation, 

𝜕𝜌

𝜕𝑡
= 𝐷∇2𝜌 

where 𝜌 is the temperature, and 𝐷 the diffusivity. This equation can be solved numerically using the lattice 

Boltzmann method.11, 12 The standard version of this technique consists in dividing the space in a regular 

grid of square cells with size ∆𝑥, and assigning at each node position , a set of distribution functions  fi 

and velocity vectors . The distribution functions fi evolve according to the lattice Boltzmann equation, 

   

where 𝑓𝑖
𝑒𝑞

 is the equilibrium distribution function, t  the single relaxation time, and ∆𝑡 the time step of 

the simulation. For the case of the mass transport equation, the equilibrium distribution function has the 

form: 

𝑓𝑖
𝑒𝑞 = 𝜔𝑖𝜌, 
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where 
 
w

i
 are weights that depend on the set of velocity vectors chosen. In our case, we used the lattice 

D3Q19 (19 velocity vectors in 3 dimensions), which is illustrated in Figure S7. 

 

Figure S12. Set of velocity vectors  for the lattice configuration D3Q19. 

 

For the lattice configuration D3Q19, the weights are defined as follows: for  we have 
 
w

0
=1/ 3; 

for  we have 
 
w

1,..,6
=1/18 ; and finally, for 

  we have 
 
w

7,..,18
=1/ 36. 

 

One can prove that the lattice Boltzmann equation recovers the mass transport equation by performing a 

Chapman-Enskog expansion [10], where the diffusivity is calculated by, 

 

 
𝐷 =

1

3
(𝜏 −

∆𝑡

2
)

∆𝑥2

∆𝑡2
. (1) 

 

Since the complete model is based on local quantities, one can compute at each time step and at each 

position the single relaxation time t  depending on the values of the local diffusivity that depends on the 

type of material that is located at the respective position . 
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Unit conversion: As we mentioned above, the voxel size had to be increased. Therefore, the dimensions 

used were 1503 x 1506 x 1350 𝑛𝑚3. We assumed that the diffusion coefficient of ethylene in air was 0.17 

𝑐𝑚2/𝑠. Together with this value, the voxel dimension and 𝜏 = 1, we could determine the time unit 

conversion from equation 1. The result was that one simulation step corresponded to 18 𝑛𝑠. In order to 

avoid large error accumulations in the simulation and maintain convergence, the choice of 𝜏 is restricted 

to values between 0.5 and 1 [11]. 

Boundary conditions: We assumed that the sample was placed in a sealed impermeable container as 

shown in Figure S7. Initially, the ethylene gas was distributed only in the space between the sample and 

the container walls with a uniform concentration renormalized to one. The gas was restricted to diffuse 

only between voxels that were not occupied by the cell walls or the walls of the container. Every time the 

ethylene molecules tried to access one of the forbidden voxels, they were reflected backwards. 

 

 

Figure S13. A 3D rendering of the sample used in the simulation, showing the three sections used to display the 

results. 
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Figure S14. Three sections of the sample under study, showing the initial condition of the simulation. The WTi 

composite is shown in red, the air inside the pores of the cellulose structure in white and the platinum-enriched 

voxels in cyan. The mixture of ethylene and air is shown in blue. Initially, the ethylene concentration is uniform. 

Ethylene decomposition: During the simulation, whenever the ethylene gas came into contact with a part 

of the cellulose wall enriched with platinum atoms, it decomposed into water and carbon dioxide. In the 

real experiment, the platinum atoms were deposited mainly around the surface of the cell wall. In the 

simulation, we deposited the platinum atoms randomly and uniformly throughout the entire scaffolding 

and not just close to the surface. Since the ethylene gas could only interact with voxels on the surface of 

the cellulose scaffold, this choice did not have any effect on the result of the simulation. Furthermore, we 

assumed that the amount of carbon dioxide produced during the decomposition was small enough that it 

did not alter the diffusivity of ethylene during the simulation. At high temperatures (25 ºC), we assumed 

that no condensation was formed and that the water produced during the reaction diffused away in the 

form of a gas. At low temperatures (0 ºC), however, water condensation was expected to occur during the 

reaction, leading to the formation of a thin coating over the platinum-enriched area of the cell wall. Once 

formed, the condensate would impede any further decomposition of ethylene. We simulated the 

condensation and the consequent cession of the reaction by introducing a parameter, which set the local 

ethylene density threshold above which ethylene decomposition did not occur. The idea behind this choice 

was that once the ethylene concentration was beyond a certain value, then the rate of water production 

would be high enough to create a sustainable condensate layer. The value of the threshold corresponded 

to the temperature at which the sample was kept. From Figure S10 we can see that at high temperatures, 

in the absence of water condensation, the total mass of the ethylene decomposes exponentially, at a 
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constant rate and much faster than at the low temperatures, in which case the decomposition is no longer 

exponential. 

Figure S15. Conversion of the total ethylene mass over time. The green line shows the conversion at a high 

temperature and the purple one at a low temperature. The black dashed lines are guides that show exponential 

decay. 
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