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Appendix A

The invasion depth was then calculated as follows:
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In these formulas, the mean value of the RMSD for each microstructure of the coal sample in its
original, untreated state was calculated and designated as ko (Fig 1); n represents the number of matrices
whose RMSD is less than Ko; m represents the number of matrices whose RMSD is greater than Ko; The Ao
represents the height of the matrices selected as the datum surface. 4. represents the height of the matrices
selected as the erosion surface; 4 represents the height difference between the datum and the erosion surface,
which is the inversion depth.
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Fig 1. RMSD maps of granular mineral under different treatments



Appendix B

In this context, Pmax represents the maximum load achieved during a single loading and unloading
cycle. Similarly, /max denotes the maximum indentation depth, while /4 signifies the permanent indentation
depth after unloading. Additionally, /- is the residual depth of the unloading curve, /. is the contact depth
under peak load, and S represents the slope of the initial section of the unloading curve, also known as the

contact stiffness (Fig 2).
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Fig 2. Schematic of typical load-displacement curve.

According to the Oliver-Pharr method (Joslin and Oliver, 1990), the unloading curve can be described

by a power function, calculated as follows:
F=a(h-h,) ™

In this formula, F" represents the load, 4 represents the displacement, /4 signifies the permanent
indentation depth after unloading, and a and b are both fitting parameters.
According to the definition of contact stiffness, it is defined as the tangent slope at the initial stage of

the unloading curve. The specific calculation of contact stiffness, denoted by the symbol S, is given by:

dF b-
s = [EJ =ab(h,~h, )" ®)

In this formula, S represents the contact stiffness, 4n represents the max of displacement.

The contact depth 4. can be calculated using the following equation:

hC = hm - g(hm - hr) (9)



Where ¢ is related to the indenter geometry, for Berkovich indenter, € = 0.7268, A is the residual depth
of the unloading curve.
The experiment was performed using a Berkovich indenter, which has the following formula for the

contact projected area Ac:
A =24587+Ch'+Ch" 4+ Ch "™ (10)

Only the first term in equation (4) may be used in the calculation.

According to the Oliver-Pharr method, the hardness is calculated as follows:

F (an
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A
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In this formula, H represents the hardness, Fn represents the max of load.

Based on contact mechanics, the following formula for the converted modulus £ can be obtained:

__=s
’._2,3\//1_(_ (12)

where £ is a constant related to the shape of the indenter, S for Berkovich indenter is taken as 1.034,

E

and S is the contact stiffness.

The converted modulus represents the combined modulus of the indenter and the sample. The elastic
modulus of the sample can be calculated using the following formula. If the effect of the non-rigidity of the
diamond indenter on the elastic modulus of the sample is ignored, the converted modulus can be directly

used to express the elastic modulus of the material.
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where E and v are the elastic modulus and Poisson's ratio of the sample, and F;and v:are the elastic

modulus and Poisson's ratio of the indenter, £i=1141GPa, and v:.=0.07.
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