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Figure S1. Particle size analysis report for 430L powder. 



 
Figure S2. Particle size analysis report for PF20 powder. 



 
Figure S3. Particle size analysis report for PF40 powder. 



 
Figure S4. Particle size analysis report for PF60 powder. 
 



 
 
Figure S5. Particle size analysis report for PF90 powder. 
 
 



 
Figure S6. Gas permeability measuring apparatus. 
  



 

    """Python script to analysis surface profile""" 

import xml.etree.ElementTree as ET 

import os 

import statistics 

 

def extract_profile_data(file_path): 

    """Extract X and Z coordinates from an XML file.""" 

    tree = ET.parse(file_path) 

    root = tree.getroot() 

 

    x_data = root.findall(".//DataBlock/Data/X") 

    z_data = root.findall(".//DataBlock/Data/Z") 

 

    profile = [{"x": float(x_data[i].text), "z": float(z_data[i].text)} for i in range(len(x_data))] 

    return profile 

 

def detect_pits(profile): 

    """Detect pits based on the Z profile.""" 

    pits = [] 

    start_x = None 

    start_z = None 

 

    for i, point in enumerate(profile[:-1]): 

        current_z = point["z"] 

        next_z = profile[i + 1]["z"] 

 

        if current_z > next_z and start_x is None: 

            start_x = point["x"] 

            start_z = current_z 



 

        elif current_z < next_z and start_x is not None:  

            pits.append({ 

                "width": point["x"] - start_x, 

                "depth": start_z - current_z 

            }) 

 

            start_x = None 

            start_z = None 

"""Although the function only tracked the descending part of the profile, the start of a 
pit is only updated until the descending profile is finished, so the pit width reported here 
still covers the length of a descending and an ascending profile""" 

    return pits 

 

if __name__ == "__main__": 

    directory = "empty” 

    threshold_depth = 10  # Adjust this value to filter out smaller pits 

 

    pits = [] 

 

    for filename in os.listdir(directory): 

        if filename.endswith(".xml"): 

            profile = extract_profile_data(os.path.join(directory, filename)) 

            pits += detect_pits(profile) 

 

    major_pits = [pit for pit in pits if pit["depth"] > threshold_depth] 

    major_widths = [pit["width"] for pit in major_pits] 

    major_depths = [pit["depth"] for pit in major_pits] 

 

    avg_major_width = sum(major_widths) / len(major_widths) if major_widths else 0 



    avg_major_depth = sum(major_depths) / len(major_depths) if major_depths else 0 

    std_dev_width = statistics.stdev(major_widths) if len(major_widths) > 1 else 0 

    std_dev_depth = statistics.stdev(major_depths) if len(major_depths) > 1 else 0 

    largest_pit = max(pits, key=lambda pit: pit["depth"]) if pits else {"width": 0, "depth": 0} 

 

    print("Average major pit width:", avg_major_width) 

    print("Average major pit depth:", avg_major_depth) 

    print("Standard Deviation of major pit width:", std_dev_width) 

    print("Standard Deviation of major pit depth:", std_dev_depth) 

    print("Largest pit - Width:", largest_pit["width"], "Depth:", largest_pit["depth"]) 

 


