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Molecular dynamics analysis
of subsurface brittleness
mechanism of nanocrystalline
3C-SiC rough friction surface
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To study the effect of polycrystalline 3C-SiC rough friction surface on the mechanism of subsurface
brittleness during nanocrystalline grinding. Initial grinding models of polycrystalline 3C-SiC and
diamond abrasive grains on rough friction surfaces are developed using molecular dynamics
methods and the Voronoi method for constructing polycrystalline abrasive grains. The processing
mechanism of 3C-SiC is analyzed by post-processing methods such as dislocation defect analysis,
atomic arrangement analysis and stress analysis. At 2.6 nm, "stress concentration" occurs between
the abrasive particles and the workpiece, forming irregular force shapes. The larger the grain size,
the smaller the crystal hardness, the greater the possibility of crystal fracture, and it is obvious in
the crystal of larger grains. At 8 nm, the crystal breaks and creates vacancies. The roughness of the
polycrystalline 3C-SiC friction surface and the cross-cutting mechanism between grains with grain
boundaries are found to be effective in ameliorating the damage in the subsurface layer.

Keywords Nanocrystalline 3C-SiC, Rough friction surface, Molecular dynamics, Subsurface brittleness
mechanism, Crystal fracture

3C-SiC has excellent properties such as good natural sphericity and self-sharpening, excellent creep resistance
and fracture resistance, good sintering activity, and large gap width!~>. It is widely used in aerospace precision
fields such as high temperature, high pressure, and high magnetic field. However, the high hardness and brittle-
ness of 3C-SiC make it highly susceptible to major forms of machining damage such as cracks, pitting and lines
during machining**®. These damages increase the likelihood of various defects or fractures in 3C-SiC materials
during service. This greatly limits the development and application of 3C-SiC in the field of nano-precision.
The application of nano-grinding is conducive to the further development of 3C-SiC materials. The removal,
grinding and polishing of 3C-SiC materials by nano-machining technology make the application prospect of
3C-SiC materials more targeted and extensive. However, there are significant differences between nano-grinding
and conventional grinding in terms of material removal methods and brittleness mechanisms’*!. Under the
operational requirements of nanoscale precision nano-grinding, it is difficult to control the range and depth of
material processing and material shaping during nano-grinding. The grinding process often produces a series
of special physical phenomena such as micro-wear and size effect'>"'°.

The application of molecular dynamics method to simulate the nano-milling process of polycrystalline 3C-SiC
materials allows real-time tracking and observation of the deformation, dislocation generation, stacking, trans-
formations, or other changes of the specimen under loading. Tian et al.'° studied the nano-mechanical proper-
ties of sic under the action of nano-indentation and nano-crack, and selected the C and Si surfaces of 4H-SiC
and 6H-SiC for nano-grinding through molecular dynamics. The results showed the 4H-SiC displaying greater
normal resistance than 6H-SiC, C surfaces may be easier to machine than Si surfaces. Goel et al."” explored
the mechanical properties and defect generation process of nanoscale SiC. The sp3-sp2 structural transition
in nano-scale SiC occurring during nano-cutting was found to be related to non-hydrostatic stress conditions
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through simulation studies. The introduction of non-hydrostatic stress conditions can lead to the formation of
structures similar to SiC nano-tubes. Li et al.'® studied the grinding machinability of 3D C/ C-sic composites,
and conducted grinding experiments of 3D C/ C-SiC composites with resin bonded diamond grinding wheel.
The results indicated that the fracture of C/C-SiC composites was mainly brittle fracture. Liu et al.’® studied the
surface/subsurface damage mechanism caused by cracks in grinding SiC ceramics, and used smooth particle
fluid mechanics to simulate the grinding mechanism in SiC grinding process, including the influence of mate-
rial removal process and scratch speed on crack growth. As a result, the material removal process went through
pure ductile cutting mode, tough-brittle transition and pure brittle cutting mode as the depth of cut increased.
The above research is helpful for us to study the surface and subsurface brittleness machining mechanism of
SiC nano-grinding, the simulation analysis of two single crystal isomeric SiC(4H-SiC, 6H-SiC) and different
surfaces. However, there is a lack of research on nanoscale polycrystalline SiC as well as rough friction surfaces,
the effect of cutting force on the grinding process of rough surfaces of nano-polycrystalline SiC needs further
investigation® Therefore, The variation of material removal rate during nano-crystal milling is studied. The brit-
tle mechanisms of the surface and subsurface of the rough friction surface material of polycrystalline 3C-SiC
during nano-grinding are analyzed.

Methods

Determine the experimental simulation scheme of rough friction surface polycrystalline
3C-SiC nano-grinding

The molecular dynamics-based Voronoi method analyses the material removal process of polycrystalline 3C-SiC
rough surfaces machined under the action of diamond abrasive grains*'~?. The interaction field between poly-
crystalline 3C-SiC and diamond is established by modifying the Tessoff-Vashista coupling potential function to
improve the calculation of the interatomic interaction potential. Characteristics of typical families, microtypi-
cal ensembles are analysed to construct relaxation polymorphic conversion equations, optimise the relaxation
energy conversion process, shorten the thermodynamic dynamic equilibrium time. On the basis of the diversity
of parameters of the Voronoi method, a system integral calculation method combining pressure, displacement
and atomic velocity is proposed, thus improving the defect of a single calculation parameter. The influence of
trace parameters on the integration results is avoided, fulfilling the completeness of the calculation principle of
atomic systems. The 3C-SiC processing and forming process together with the post-processing methods such as
dislocation defect analysis, atomic arrangement analysis and stress analysis are analysed. Explore pure ductility
modes, for brittle-assisted ductility modes an brittle modes during the material removal phase**~2°. Molecular
dynamics simulation is a simulation method using computer technology to implement material properties.
Experimental modelling of polycrystalline 3C-SiC nano-friction with rough friction surfaces is carried out by
molecular dynamics simulation. The experimental model of polycrystalline 3C-SiC nano-lithography with rough
friction surface is established by molecular dynamics simulation. The whole simulation experiment is divided
into four main parts. The first part is to determine the relevant parameters in the initial environmental process,
such as time step, atom type and boundary conditions, and to establish the initial loading conditions for the
simulation experiment. The second part refers to the establishment of sinusoidal rough friction surfaces during
the modelling process, as well as the determination of the dimensions of the polycrystalline 3C-SiC workpiece,
and the dimensions and positions of the diamond abrasive grains. The third part is the relaxation process, it
makes the whole system reach thermodynamic equilibrium and eliminates the internal stresses may be generated
before grinding. The steady state of the relaxation process directly affects the state of the grinding process. The
fourth part is the most important grinding process.
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Equation (1) is the expression formula of the sinusoidal friction surface. A represents the amplitude of the
surface; x and y represent the distance from the X and Y axes; b and ¢ determine the speed of the fluctuation of
the surface; T1 and T2 represent the period of the fluctuation from the X and Y axes respectively.
The correlation between the force results and the surface morphology as well as the crystal behaviour is
established with the following equations:
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where, H is the hardness, B is the abrasive grit inclination, v is the Poisson’s ratio, rand() indicates the value is
between 0 and 1. R and r are the radius of the large arc and small arc respectively, 81 and 62 are the correspond-
ing circular angle of the large arc and small arc respectively, Fy,. and Fiq. are the grinding force for ductile
removal and brittle removal modes respectively*”*%.

Table 1 lists the parameters associated with the polycrystalline 3C-SiC silicon nano-grinding model. These
include the size of the workpiece, the number of atoms associated between the workpiece and the abrasive, the
selected family, the time step and the grinding temperature. In molecular dynamics simulation, ensemble deter-
mines the relationship between system and environment. In the relaxation process, the canonical series (NVT)
is applied, the number, volume, and temperature of particles in the system under this ensemble are determined,
and only heat exchange occurs, with the total energy fixed. The microcanonical ensemble (NVE) is applied
during processing with the energy state at thermodynamic equilibrium reached by relaxation set as the initial
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Workpiece size 10.435 nm x10.435 nmx 10.43 5 nm
Workpiece atomic number 102,753
Height of conical diamond indenter 2 nm

Number of diamond indenter atoms 1846

Diamond lattice constant a=3.56 A
3C-SiC lattice constant a=4259 4
Ensemble selection NVT, NVE
Creasing temperature 300K
Timestep 1fs

Table 1. Model parameter table.

state. In the machining simulation process, the system energy is restored to the energy steady state in a gradient
increase and decrease mode®3'.

Establishment of rough friction surface polycrystalline 3C-SiC nano-grinding model

Figure 1 shows the experimental model of rough friction surface polycrystalline 3C-SiC nano-grinding. In order
to better introduce the setting of the model, the rough surface map, high cloud map, layering map and polycrystal
map are used to represent it. The length, width and height of the workpiece are 10.435 nm. The front end of the
abrasive particle is a semi-cylinder with a diameter of 2 nm and a length of 3 nm. The back end is a cuboid with
a length of 3 nm, a width of 1 nm and a height of 2 nm. At the top of the workpiece is the surface of sine curve
with a height of 1 nm. Figure 1A shows the top view of the friction surface and the image generated by layered
coloring according to the height of the Z-axis direction. As shown in Fig. 1C, a boundary layer with a thickness
of 1 nm is set at the bottom and the left side of the workpiece to maintain the stability of the polycrystalline
3C-SiC workpiece during the grinding process. To eliminate the heat generated in the grinding process between
abrasive particles and polycrystalline 3C-SiC sic workpiece, a 1 nm thermostatic layer is set on the basis of the
boundary layer. Therefore, the main processing area is the area outside the boundary layer and the thermostatic
layer, namely the Newton layer. As shown in Fig. 1D, for the polycrystalline morphology of the model, the crystal
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Figure 1. Model diagram of polycrystalline 3C-SiC rough surface.
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arrangement and structure inside the workpiece are identified by means of Polyhedral template matching and
post-processing of Grain segmentation.

Numerical solution of MD model

Potential function and related calculation principle

Figure 2 shows the flow chart of molecular dynamics model establishment. The modeling process is mainly
divided into three main bodies, namely, the model of the initial position of the polycrystalline 3C-SiC friction
surface workpiece and diamond abrasive grains, the process of thermodynamic dynamic equilibrium between the
polycrystalline 3C-SiC friction surface workpiece and diamond abrasive grains, and the grinding process between
the polycrystalline 3C-SiC friction surface workpiece and diamond abrasive grains. The first body is to establish
the 3C-SiC particle structure, and build the workpiece and friction surface model, fill the 3C-SiC particles into
the model, forming the initial model of polycrystalline 3C-SiC friction surface workpiece; The second part is
to calculate the position and velocity between atoms under the construction of the Tersoft-Vashishta coupling
potential function, and then reach the thermodynamic steady state after thermodynamic relaxation. The third
main body is the polycrystalline 3C-SiC friction surface workpiece and diamond abrasive under regular and
microregular ensemble. Calculate the force field caused by the interaction between atoms and the position and
velocity of the atoms after the interaction, collect and output the related physical quantities, such as the force
force, displacement, velocity, temperature, etc.

During polycrystalline silicon carbide nanocrystal milling, the interatomic interaction mechanism between
silicon carbide and diamond is complex. It is necessary to consider the C-Si, C-C, and Si-Si bonds within
silicon carbide, as well as the C-C bonds within diamond, the C-C and Si-C bond interactions between silicon
carbide and diamond. The Tersoff potential function is mainly used in the cutting simulation of SIC materials,
the Vashishta potential function is mainly used in the simulation of nano-indentation. Combining these two
potentials, the simulation of polycrystalline SIC nano-grinding is carried out. Tersoff potential function®? and
Vashishta potential function® are commonly used in polycrystalline silicon carbide. The Tersoff potential func-
tion is mainly used for cutting simulations of SiC materials, the Vashishta potential function is mainly used for
nanoindentation simulations of SiC, with Crystalline 3C-SiC being a type of silicon carbide. Therefore, these
two potential functions are also used for grinding simulation.

The Tersoff-Vashishta potential function is expressed as follows:
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Figure 2. Flow chart of molecular dynamics model establishment.
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fris the repulsive function, the interaction force of two-body terms; f, is the attraction function, and the three-
body interaction force; U is the total potential of the atomic system, and U® is the two-body term action poten-
tial. U® is the action potential of the three-body term. The sum of the two-body term is always the sum of all
adjacent j atoms within the truncation distance, and the two-body term moves and tilts by a linear function so
that the energy and force are zero at. The sum of the three-body terms is always the sum of all adjacent atoms i
and k within the truncation distance, where the exponential screening function becomes zero.

Relaxation polymorphic transition equation

The molecular dynamics simulation method assumes all atoms move in a way adhering to the motion theorems
of classical Newtonian mechanics. According to the second theorem of motion of classical Newtonian mechan-
ics, the force F(t) on the ith atom at time t:

d2
Fi(t) = miﬁri(t) (7)

m; is the mass of the first atom, v;(¢) is the speed of the ith atom at time t, r,(t) is the position of the ith atom at
time t. Newton’s equation of motion describes the trajectory of the atom. By integrating the time, the speed and
position of the atom at any time can be determined after the initial speed and position of the system are given.
In order to improve the solving efficiency of Newton’s equation of motion, the Verlet algorithm is modified. The
Verity-Verlet algorithm can simultaneously obtain the position, Velocity and acceleration of each atom at the
same time. The specific solution is as follows:

1[ d? d?
vi(t + 8t) = vi(t) + > Eri(t%—&)—kﬁri(t) St (8)

Ot is a small quantity called the time step. The Velocity-Verlet algorithm not only ensures the accuracy of the algo-
rithm, but also reduces the amount of computation. Thus, calculations with large time steps can be performed.
Relaxation multiple steady state transition equation:

W = (N + 1)kgT,P} )

where N is the number of atoms, kj is the Boltzmann constant, and T, is the target temperature of the pressure
regulator (Martyna). If a thermostat is defined, T; is the target temperature for the thermostat. If no thermostat
is defined, T, is set to the current temperature of the system at the time of initializing the barometric regulator.
If this temperature is too low, the simulation will exit with an error.

Results and discussion

Elastoplastic deformation of polycrystalline silicon carbide nano-grinding

Figure 3 shows the elastic—plastic analysis diagram in the grinding process of polycrystalline 3C-SiC rough
friction surface. Figure 3a shows the stress of workpiece at different positions in the grinding process, and
Fig. 3a shows the local magnification diagram at 0-2 nm position in Fig. 3a. From Fig. 3a, we can see the force
on the workpiece in Y direction and Z direction increases, while the force along the X-axis remains relatively
low, fluctuating around 25 nN. When the abrasive feeding reaches about 2.2 nm, the force on the Y direction
increases gently, while the force on the Z direction still increases in a wavy way but with a small upward trend.
The force on the workpiece is increasing at the beginning of the grinding process, and the trend of the force
in the Y-direction and Z-direction is basically the same. Tensile simulations are carried out at several grinding
points in the model, identifying the point of elastic—plastic deformation at the polycrystalline 3C-SiC grinding
depth close to 0.8 nm. At 0-0.8 nm, the workpiece is in the elastic deformation stage, the force in all directions
is small and changes in the same way. Figure 3b shows the line graph of cutting elastic strain at 1.8 nm position
when the elastic stress range is 0-0.1 nN. It is clearly seen the elastic stresses generated inside the polycrystalline
3C-SiC workpiece during the rough friction surface stage of diamond grit grinding of polycrystalline 3C-SiC.
These elastic stresses are mainly distributed in the abrasive grains. With the cutting action of abrasive grains,
plastic deformation occurs first near the abrasive grains and at the grain boundaries. Because the dispersed
conduction force at the grain boundaries protects the interior of the grains, there is a tendency of elastic defor-
mation to plastic deformation of the grains, but no plastic deformation occurs. Figure 3b, shows the grinding
trace after the removal of abrasive grains, and the trace generated by the grinding of abrasive grains is shown
on the right. On the left is the main force part of the abrasive grain feed movement. It is observed that the force
portion is located in the direction of the feed motion and at the bottom of the abrasive grain. The force exerted
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Figure 3. Analysis of elastic—plastic deformation of polycrystalline 3C-SiC rough surface by cutting.

by the abrasive on the workpiece is mainly at the contact between the abrasive and the workpiece. Figure 3b, is
a schematic diagram of the arrangement of atoms in the grinding process of abrasive grains. Under the action
of diamond abrasive grains, the covalent bonds of silicon carbide atoms are broken and displaced, the atoms are
stacked forward in the shape of abrasive grains. The order of arrangement between the atoms is disturbed, the
atomic bonds are reconnected, resulting in the formation of vacancies and other defects. Diamond abrasives
mainly break the atomic bonds during the grinding process, causing the relative slip between the atoms, thereby
rebuilding the atomic structure.

Stress analysis of polycrystalline silicon carbide nano-grinding

Figure 4 shows the cutting stress nemo-grams of the polycrystalline 3C-SiC rough friction surface at different
positions. Figure 4a shows the top view of the abrasive grinding to the position of 2 nm, and the cutting stress
range is 0-1nN. Figure 4a, shows the top view of the abrasive when it is ground to the 2 nm position with a cut-
ting stress range of 0-1 nN. An accumulation of red atoms can be seen directly in front of the abrasive grain,
indicating the area in front of the grain is most affected. Force conduction is also present on the upper surface
of the friction, but it is relatively small in the vicinity of the abrasive grain. In order to observe the images in
the vicinity of diamond abrasive grains, images of abrasive grains after grinding in the top view direction are
produced by enlarging the abrasive grains grinding map (a,) and the abrasive marks image (a;). The stress wave
generated on the ground surface increases with the friction distance, and the cross-sectional direction changes
significantly. Figure 4b shows the stress cloud map for grinding up to 2.6 nm and the stress trace map of the
particles near the abrasive grains. In Fig. 4b,, the rough friction surface of polycrystalline 3C-SiC exhibits a
concave orientation pattern in the presence of diamond abrasive grains. Due to the irregular shape of the cutting
surface, the forces move differently. As the depth of grinding deepens, it can be noticed the stress distribution is
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Figure 4. Cutting stress nematogram of rough polycrystalline 3C-SiC surface.

different at different depths and is therefore not purely based on the shape of the abrasive grain. From Fig. 4b,,
it can be found the force shape of particles on the friction surface at this time presents two wave peaks, and the
main force point is still under the slope of the abrasive particles. Figure 4b; shows the traces left by the abrasive
grain feed movement at 2.6 nm. The feed movement of the abrasive grains extrudes on the rough friction surface,
resulting in the accumulation of some particles in front of the abrasive particles. The red dotted box shows the
action of the bottom of the abrasive particle on the workpiece. The bottom of the workpiece receives less force
than the front. Figure 4c shows the force cloud diagram when grinding to 5.6 nm and the force trace diagram
of particles near the abrasive particles. In Fig. 4c,, it can be observed the force at the front end of the abrasive
particles increases, and the surface force at the trace after grinding also increases. At the moment, the number of
stressed atoms increases significantly, and the main stress point is still near the wave crest generated by abrasive
particles. As can be seen in Fig. 4c;, the traces generated by abrasive particles increase significantly. The traces at
the Angle are more obvious than those in the straight part, and more atoms are piled up. The shear force exerted
by the abrasive grains on the polycrystalline 3C-SiC during the grinding process, especially in the shear stress
range of 0.5-1 nN, leads to elastic stresses at the grain boundaries and inside the grains. This stress is unevenly
distributed, especially at the grain boundaries, and easily induces crack initiation. Although the tangential force
fluctuations are not significant, the non-uniform transfer of these forces and the wave-like force action pattern
generate additional stresses in the grain contact region, contributing to brittle fracture at the grain boundaries.

Figure 5 shows the variation of friction force and related crystal structure during grinding of polycrystal-
line 3C-SiC with rough friction surface. Figure 5A shows the change of friction force when diamond abrasive
grain grinding polycrystalline 3C-SiC rough friction surface position is 0-10 nm. In general, the friction force
on the workpiece increases with the increase of grinding distance in the form of fluctuation. Figure 5C shows
the atomic stress cloud at the corresponding position in Fig. 5A. Figure 5¢; shows the atomic stress image at
2 nm in Fig. 5A, the yellow dashed line represents the grain boundary. Figure 5(c,), (c;) and (c4) respectively
correspond to the atomic stress image at 4.4 nm, 6.4 nm and 8 nm in Fig. 5A. The part enclosed by the yellow
dotted line is the part of the workpiece under the action of stress. At 2 nm, the friction in the Y and Z directions
tends to increase, while the friction in the X direction tends to decrease. Figure 5¢, shows the grain boundaries
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Figure 5. Variation of friction force in grinding process of polycrystalline 3C-SiC with rough surface.

are more susceptible to the forces in the presence of rough friction surfaces and abrasive particles. The force in
the X direction plays a role in the removal of grain boundary sites. The force in the X direction is not the main
driving force in the material removal mechanism, but it contributes to the removal of the material by interact-
ing with forces in other directions. Combined with Fig. 5¢,, it is observed with the abrasive grains at the grain
boundaries, the total friction peaks at 6.4 nm, as shown in Fig. 5¢c;. At this time, the abrasive grains are grind-
ing the polycrystalline grains, and the scope of the workpiece under the force extends forward to surround the
grains. (c,) is the atomic arrangement diagram of workpiece force at 8 nm, the force range varies forward with
the feed movement of the abrasive grains. Figure 5B is a schematic diagram of the coefficient of friction during
the friction process. The Fig. shows the adhesion of the abrasive grains to the contact surface of the workpiece
is very tight, resulting in a friction coefficient greater than 1 and large fluctuations. At the same time, the con-
tact tightness between the abrasive particles and the workpiece changes, resulting in large fluctuations in the
coefficient of friction. Figure 5D shows the overall intention of workpiece processing at the position of 6.4 nm.
Figure 5d, and (d,) are the schematic diagram of the red dotted line in (D). At this time, the abrasive particles
are ground from the grain boundary to another grain part, and the friction force reaches a new peak, while the
friction force in the X direction is decreasing. Since the polycrystalline friction surface structure is not as hard
as the polycrystalline grains, the arrangement and stacking is more dispersed and easier to remove under force.
The force on grain boundaries is more obvious than that on grain boundaries in polycrystals.

Analysis of the internal structure of polycrystalline silicon carbide nano-grinding

Figure 6 shows the variation of atomic arrangement and atomic stress maps at different positions during the
grinding process on the rough friction surface of polycrystalline 3C-SiC. Figure 6A shows the variation of atomic
arrangement during the grinding process with atomic arrangement maps at 8 nm, 6 nm, 4 nm and 2 nm. When
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Figure 6. Atomic variation analysis diagram of polycrystalline 3C-SiC in grinding process.

diamond abrasive grains act on the rough friction surface, they mainly act on the three grains, G1, G3 and G6.
The rough friction surface atoms under the action of abrasive particles lead to the covalent bond breaking in
3C-SiC and the formation of other new bonds, as well as generate new isolated discrete atoms. Figure 6B shows
the stress image when the shear stress range is 0.5-1 #N. During the grinding process, the force generated by the
abrasive particles on the rough friction surface of polycrystalline 3C-SiC concentrates on the grinding path and
the inclined lower part of the abrasive particles. The red dotted line surrounds the force inside the workpiece. It
is found that the stress is transferred inside the workpiece along the grain boundary. Firstly, local internal stress
is generated at the grain boundary of G1 and G2, and the grain boundary of G1 and G3. The two internal stresses
are transmitted and converged within the grain boundaries with the feed movement of the abrasive grains. In
Fig. 6C the black dotted box shows the atomic state at the grain boundary during the grain feed movement. It
is found that the atomic arrangement state at the grain boundary changes under the action of force, while the
atomic arrangement state inside the crystal does not change.

Figure 7 shows the coordination analysis of polycrystalline 3C-SiC during the grinding process and the
distribution of the force field strengths of the interaction potentials at different truncation distances. Figure 7A
reveals the variation of the force field strengths of different interatomic interaction potentials with truncation
distances. The C-C bonding force in diamond is dominant and the force field is mainly concentrated in the range
of 1.5-5.5 units. Figure 7B further illustrates the distribution of the total force field strength with the truncation
distance (radial distribution), peaks at a truncation distance of 2 unit lengths, then decreases as the truncation
distance increases.Fig. 7C shows a schematic diagram of the atomic bond distribution of C-Si, Si-C, and Si-Si,
Observeing the change of the C-Si bond of the red line. The corresponding findings are related to the strength
of the stress field in Fig. 7B. This is the interaction between the abrasive particles and the workpiece during
the friction process, the breaking of the C-Si atomic bonds, and the corresponding enhancement of the force
field. Figure 7D shows the coordination analysis atom image at d =8 nm. In Fig. 7D, the red particles are clearly
concentrated near the diamond abrasive grains, clearly indicating the largest action potential and highest field
strength near the diamond abrasive grains. The field intensity between grains is significantly higher than that at
grain boundaries, while the interatomic interaction potential and field intensity at the edge of the workpiece and
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Figure 7. Coordination analysis of polycrystalline 3C-SiC in grinding process.

where the diamond is not in contact with the workpiece are relatively weak.During the grinding process, when
the diamond abrasive grains are in contact with the 3C-SiC workpiece, a local high-pressure region is formed at
the contact point because the hardness of the diamond abrasive grains is much higher than that of the 3C-SiC.
During the movement of the diamond grits, tensile stresses are generated as the grits remove material from
the workpiece during the cutting process, resulting in voids in the material behind the grits. In polycrystalline
materials such as 3C-SiC, low strength is prevalent at grain boundaries and between grains, as well as there is
a synergistic effect of high-pressure and tensile stresses exerted by diamond abrasive grains. It is easy to cause
deformation of the workpiece material along grain boundaries or grain interfaces at the microscopic level, lead-
ing to frequent fracture along the grains.

Dislocation analysis of polycrystalline silicon carbide nano-grinding

Figure 8 shows the variation of the length and number of dislocations in the grinding process of polycrystalline
3C-SiC, as well as the generation, slip and conversion of dislocations. Figure 8a shows the change of the number
of different types of dislocations along with the grinding time step, and Fig. 8b shows the change of the length of
different types of dislocations along with the time step. The trend of the two images shows the number of similar
dislocations is consistent with the change in the length of the dislocations. When the number of dislocations starts
to increase, the length of the dislocation also increases. However, the number of dislocation and the growth rate
of dislocation length are not consistent. For 15,000 to 40,000 time steps, the abrasive position is grinding and
squeezing the grains, and the total number and length of dislocations maintains an increasing trend. However,
at 44,000 time steps, the abrasive position transitions from grain to grain boundary and the trend in the total
number of dislocations begins to decrease to a minimum. The 1/2<110>-type and 1/6 <112 > -type dislocations
are the main dislocations in polycrystalline 3C-SiC during full grinding. Right view is an image of the right view
of the defective surface using diamond grinding. Top view is an image of the top view of the defective surface
when the workpiece is ground using diamond. Detail view is a partially enlarged image of the workpiece in the
right view when it is ground in the misalignment line. As shown in Fig. 8¢, the dislocation patterns at the 2 nm
position under different viewing angles indicate the force exerted by the abrasive on the polycrystalline 3C-SiC
grains during the feeding motion, resulting in the extrusion deformation between the grains. From the top view,
the position marked with the blue frame line produces compression deformation. The dislocation view shows
dislocations occurring primarily at the point of dislocation, including dislocation shedding and transforma-
tion centred on the extruded region. The red boxed line in the right view is a localised zoomed in detail view,
the localised dislocations in the blue boxed line continue to exist while the different dislocations continue to
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Figure 8. Generation, slip and conversion of dislocations in the grinding process of polycrystalline 3C-SiC.

transform. The activity of different types of dislocations (e.g. 1/2<110>, 1/6 <112 >, etc.) is related to the brittle
fracture mode of the crystal, rather than being directed towards cutting faces that favour ductility. The ductility
of a crystal is closely related to its structure, with specific faces and orientations exhibiting higher plasticity due
to their atomic arrangement. For covalently bonded ceramic materials such as 3C-SiC, the ductility is usually
low and the dislocation motion is mainly characterised by brittle fracture modes.

Conclusion

1

Key features of the subsurface embrittlement mechanism of polycrystalline 3C-SiC rough friction surfaces
during nano-grinding. The study found the interaction between the abrasive particles and the workpiece
in the early stages of nano-grinding, especially in the 2.6 nm depth region, creates the phenomenon of "
Stress concentration". Grain size is an important factor in determining the extent of subsurface damage,
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and larger grains produce voids when fracturing at 8 nm, emphasising the moderating role of grain size in
brittle fracture.

When grinding polycrystalline 3C-SiC, dislocation activity occurs intensively at grain boundaries, affect-
ing material plasticity and energy dissipation. Friction varies with grinding depth and increases dramati-
cally at d =8.4 nm, reflecting the significant influence of the temperature layer on the grinding process.
External forces cause intergranular extrusion to produce dislocations, with dislocations concentrating at
grain boundaries and intersecting and fusing during the grinding process. This behaviour leads to plastic
deformation of the friction surface being produced. Provides a scientific basis and theoretical guidance for
the selection of grinding thickness of polycrystalline 3C-SiC with rough surfaces in practical machining
applications.

Data availability
Data available on request from the authors.The data that support the findings of this study are available from the
corresponding author, [jelfptocm_wnx@163.com], upon reasonable request.
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