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Abstract: The machinability of hard brittle nanocrystalline cubic silicon carbide (3C-SiC) is strongly 
dependent on internal microstructure and its adapted machining response. Here, we conducted 
molecular dynamic simulations to explore the machinability of nanotwinned 3C-SiC with a large 
number of twin boundaries in diamond cutting. The effect of the introduction of twin boundaries on 
the diamond cutting of nanocrystalline 3C-SiC, particular for its contribution to suppressing brittle 
fracture and improving ductile-mode cutting, was investigated in-depth. Our simulation results 
revealed that twin boundaries exerted a significant impact on the deformation mechanism and 
subsequent surface integrity of nanocrystalline 3C-SiC. Specifically, intergranular fracture was 
significantly suppressed by the introduction of twin boundaries. In addition, various deformation 
behaviors such as phase transformation, crack propagation, dislocation activity, and twin 
boundary-associated deformation mechanisms were operated in cutting process of nanotwinned 3C-SiC. 
Furthermore, the influence of twin boundary spacing on the diamond cutting characteristics of 
nanotwinned 3C-SiC was also addressed. 

Keywords: nanocrystalline 3C-SiC; ductile machinability; twin boundary; diamond cutting; 
molecular dynamics simulation 
 

1. Introduction 

Hard brittle nanocrystalline cubic silicon carbide (3C-SiC) is frequently employed in 
nanoelectromechanical systems (NEMS) due to its exceptional physical, thermal, and mechanical 



1150 

AIMS Materials Science  Volume 11, Issue 6, 1149–1164. 

characteristics [1–3]. Surface integrity plays an important role in the photoelectric conversion 
performance of 3C-SiC-based NEMS devices [4,5]. The ultra-precision single point diamond cutting 
is an eminent technology for the preparation of ultra-smooth surface due to its nanoscale machining 
accuracy [6–9]. To obtain high surface integrity of hard brittle materials by diamond cutting, it is 
critical to achieve ductile-mode cutting by diamond cutting [10–13]. However, achieving 
ultra-smooth surface of hard brittle nanocrystalline 3C-SiC within ductile regime by diamond cutting 
presents a challenge due to its intrinsic brittleness and high hardness compounded by robust covalent 
bonds [14,15]. 

The material removal mechanism of nanocrystalline 3C-SiC in diamond cutting has been 
revealed through atomic scale molecular dynamics (MD) simulations. Mishra et al. conducted MD 
simulations to elucidate the atomistic mechanisms underlying the ductility-controlled wear and 
friction in nanocrystalline 3C-SiC [16]. Liu et al. demonstrated the realization of ductile-mode 
cutting of nanocrystalline 3C-SiC through amorphization by performing MD simulations [17,18]. 
However, the mentioned researchers mainly focus on the ductile material removal of 
nanocrystalline 3C-SiC in diamond cutting, and there is a lack of in-depth understanding of its brittle 
failure mechanism in diamond cutting. Moreover, Zhao et al. concluded that the brittle failure of 
nanocrystalline 3C-SiC in diamond cutting is dominated by the initiation and propagation of cracks 
along grain boundaries (intergranular fracture) [19–21]. Therefore, suppressing intergranular fracture 
through ductile-mode cutting is vital for attaining ultra-high surface quality of nanocrystalline 3C-SiC. 

In recent years, the emergence of nanotwinned materials containing a large number of twin 
boundaries (TBs) has provided an idea for the preparation of ultra smooth surfaces of 
nanocrystalline 3C-SiC. Specifically, compared with twin-free materials, nanotwinned materials 
have higher strength due to the obstruction of dislocation movement by TBs, as well as enhanced 
ductile deformation ability due to the presence of more dislocation nucleation sites provided by twin 
boundaries, which may facilitate the ductile-mode cutting of nanocrystalline 3C-SiC accompanied by 
suppressed intergranular fracture. However, research on nanotwinned 3C-SiC materials under 
different types of loading is limited. Chavoshi et al. explored the deformation mechanisms in 
nanotwinned 3C-SiC under compression and tension loading using MD simulations [22]. They also 
studied the compression-tension asymmetry in ductility of nanotwinned 3C-SiC [23]. Wang et al. 
performed MD simulations to report the compressive and tensile mechanical deformation of 
nanotwinned 3C-SiC nanowires [24]. Lin et al. reported the compressibility of periodically 
nanotwinned 3C-SiC nanowires using in situ high pressure X-ray diffraction [25]. 

While studies have offered valuable insights into the deformation mechanisms of 
nanotwinned 3C-SiC, a comprehensive understanding of diamond cutting on nanotwinned 3C-SiC 
through MD simulation remains incomplete. Specifically, the effect of the introduction of twin 
boundaries on the diamond cutting of nanocrystalline 3C-SiC is unknown, particularly for its 
contribution to suppressing brittle fracture and improving ductile-mode cutting. In diamond cutting 
of nanotwinned 3C-SiC, various deformation behaviors like phase transformation, crack propagation, 
dislocation activity and twin boundary-associated mechanisms are at play. However, the specific 
contributions of each mode to the overall cutting process remain unclear. Moreover, the properties of 
the workpiece material significantly impact the ultra-precision cutting process. This adds complexity 
to understanding the diamond cutting mechanisms of nanotwinned 3C-SiC due to its intricate 
deformation behavior. Therefore, there is a compelling need to understand the effect of twin 
boundary on the cutting characteristics of nanocrystalline 3C-SiC. 
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In this research, we conduct MD simulations to explore the machinability of nanotwinned 3C-SiC 
in diamond cutting. We examine how twin boundaries affect cutting mechanisms by analyzing 
changes in cutting force, defect formation and intergranular fracture. Through our investigations, we 
reveal that twin boundaries exert a significant impact on the deformation mechanism and subsequent 
surface integrity of nanocrystalline 3C-SiC. Specifically, intergranular fracture is significantly 
suppressed by the introduction of twin boundaries. Furthermore, the influence of twin boundary 
spacing (TBS) on diamond cutting characteristics of nanotwinned 3C-SiC is addressed. 

2. Materials and methods 

The lattice structure of 3C-SiC consists of two intersecting face-centered cubic (FCC) lattices. 
Accordingly, coherent twin boundary in nanotwinned 3C-SiC lies on the {111} plane, which is 
similar to FCC metal. Asymmetric silicon-carbon bonding twins have been proven to be the most 
stable twin structure in 3C-SiC [26]. Figure 1 displays the MD model employed in this study for 
diamond cutting of nanotwinned 3C-SiC, which comprises a nanotwinned 3C-SiC workpiece and a 
rigid tool. The detailed parameters utilized in current MD simulations are summarized in Table 1. 
Periodic boundary conditions are exclusively implemented in the Z direction of the workpiece. 
Vashishta and Morse potentials are utilized to describe bonding and non-bonding interactions in 
diamond cutting process of 3C-SiC, respectively [27–29]. 

 

Figure 1. MD model of orthogonal cutting of nanotwinned 3C-SiC. 

The {111} twin boundary of nanotwinned 3C-SiC is created by following the same modeling 
strategy as in the study by Chavoshi et al. [23]. We consider twin-free and five different twin 
boundary spacings: 1.5 (TBS1), 3 (TBS2), 6 (TBS3), 9 (TBS4), and 12 nm (TBS5), to examine their 
impact on the cutting process. In the present work, atoms are color-coded by identification algorithm 
of diamond structure according to the following scheme [30]: blue represents pristine diamond lattice 
atoms, gray denotes amorphous atoms, orange indicates twin boundary atoms, and green signifies 
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grain boundary atoms. MD simulations are executed through LAMMPS package with a timestep   
of 1 fs [31]. 

Table 1. Utilized parameters in MD simulations of nanotwinned 3C-SiC diamond cutting. 

Parameters Value 

Workpiece dimension 130 × 100 × 2 nm 

Number of grains 32 

Edge radius of tool 30 nm 

Rake angle of tool 20° 

Clearance angle of tool 10° 

Cutting speed 400 m/s 

Cutting depth 8 nm 

3. Results and discussion 

3.1. Nanotwinned 3C-SiC versus twin-free 3C-SiC 

Initial MD simulations of orthogonal cutting focus on exploring the machining characteristics of 
nanotwinned 3C-SiC with TBS of 6 nm and twin-free 3C-SiC using identical machining parameters. 
Three force components are observed on the diamond cutting tool: Cutting force, thrust force, and 
lateral force. Figure 2a,b illustrate changes in cutting force and thrust force over the cutting length 
during the machining process for twin-free and nanotwinned 3C-SiC substrate, respectively. Figure 2a 
highlights distinct cutting force characteristics in various cutting regimes for both nanotwinned and 
twin-free 3C-SiC. The cutting process for twin-free 3C-SiC can be segmented into the following five 
regimes: regime I—elastic deformation and plastic deformation governed by dislocation activity; 
regime II—brittle failure dominated by intergranular fracture; regime III—plastic deformation 
dominated by deformation twinning; regime IV—brittle failure dominated by intergranular fracture; 
and regime V—brittle mode dominated deformation under the competition of crack propagation and 
coalescence. For nanotwinned 3C-SiC, the cutting process can be segmented into the following three 
regimes: regimes I and II exhibit similar force characteristics as twin-free 3C-SiC, regime III—plastic 
deformation dominated by twin boundary-associated deformation. 
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Figure 2. Changes in machining force during diamond cutting of both nanotwinned 
3C-SiC and twin-free 3C-SiC. (a) Cutting force; (b) thrust force. 

As the cutting tool engages the right side of the 3C-SiC substrate, the material initially 
undergoes elastic deformation, leading to a sharp rise in cutting force. In the late stage of regime I, 
the cutting force undergoes a rapid decline due to material yielding accompanied with dislocation 
nucleation from the free surface. The plastic deformation dominated by strong dislocation activity 
leads to a decrease in cutting force, i.e., ductile-mode cutting. In regime II the cutting force increases 
rapidly due to the occurrence of severe intergranular fracture events caused by crack initiation and 
propagation at the grain boundary junctions, i.e., brittle-mode cutting. Intergranular fracture within 
the 3C-SiC substrate arises from the buildup of internal strain energy along grain boundaries, 
resulting in the breaking of bonds between neighboring atoms within these boundaries. However, the 
rise slope of cutting force of twin-free 3C-SiC is larger than that in nanotwinned 3C-SiC. The 
dynamic analysis of defect evolution shows that there is only one main crack initiating and 
propagating at the grain boundary junction in nanotwinned 3C-SiC, while there are two major cracks 
propagating simultaneously in twin-free 3C-SiC, which results in a larger rise slope of cutting force 
compared to nanotwinned SiC, as shown in Figure 3. Figure 3a,b show the machining morphology of 
twin-free and nanotwinned 3C-SiC around cutting tool at the cutting length of 32 nm in regime II, 
respectively. As shown in Figure 3, although there is similar machined surface quality for all 
twin-free and nanotwinned 3C-SiC substrate, the crack propagation events inside the substrate differ 
significantly between them. Figure 3 demonstrates that there are more intergranular crack nucleation 
sites in twin-free 3C-SiC due to the absence of accommodation of plastic strain mediated by the  
twin boundaries. 
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Figure 3. MD results of machined morphology of twin-free and nanotwinned 3C-SiC in 
orthogonal cutting at cutting length of 32 nm. (a) Twin-free 3C-SiC and (b) nanotwinned 
3C-SiC. 

Upon advancement of the cutting tool, two twin boundaries, namely TB1 and TB2, form within 
a grain by the splitting of the intrinsic stacking fault originating from the grain boundary triple 
junction, as shown in Figure 4a. Deformation twinning tends to be emitted from a grain boundary 
and then terminates near another grain boundary. This process is accompanied by a significant 
reduction in cutting force during regime III for twin-free 3C-SiC. Accordingly, the dynamic analysis 
of atomic evolution reveals a notable increase in twin boundary atoms during the later stage of 
regime III. Upon nucleation, the twin plane shifts by an atomic step through twin boundary migration 
to attain stability, as depicted in Figure 4b. In addition, the degree of intergranular fracture increases 
slightly compared to regime II. This suggests that the cutting force evolution is influenced by intense 
competition between intergranular fracture (crack initiation and propagation along grain boundary) 
and deformation twinning. Specifically, deformation twinning in the grain significantly influences 
the mechanical deformation of twin-free 3C-SiC in regime III. For twin-free 3C-SiC, the cutting 
force rises again rapidly in regime IV, indicating the onset of more severe intergranular fracture 
events. The dynamic analysis of defect evolution shows that there are more cracks initiation and 
propagation along the grain boundary junctions. The simultaneous propagation of multiple major 
cracks results in a rapid increase for cutting force, i.e., intergranular fracture dominated brittle-mode 
cutting. In addition, the TB1 and TB2 formed in regime III remain stable during the cutting process. 
It is worth noting that no new intergranular fracture is formed in the nanotwinned 3C-SiC in this 
cutting regime, and the previously formed main crack did not further propagate along the grain 
boundary junction due to the accommodation of strain energy provided by the twin boundaries. This 
suggests that the introduction of twin boundaries can suppress intergranular fracture and improve 
ductile-mode cutting of nanocrystalline 3C-SiC. 
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Figure 4. (a) Deformation twinning formed during cutting process on twin-free 3C-SiC. 
(b) Close-up of TB1 and TB2. 

Although both cutting force of regime V for twin-free 3C-SiC and regime III for 
nanotwinned 3C-SiC show a significant downward trend, the underlying deformation mechanisms 
between them are different. To further understand the difference in the deformation mechanism 
between them, dislocation evolution during diamond cutting is assessed through dislocation 
extraction algorithm (DXA) analysis of the defect zone surrounding the cutting tool. Figure 5a,b 
depict the activating dislocations at a cutting length of 60 nm for twin-free and nanotwinned 3C-SiC, 
respectively. Dislocations are visualized as thin tubes, with blue representing 1/2[110] perfect 
dislocations and green representing 1/6[112] Shockley partial dislocations. The dislocation density in 
nanotwinned 3C-SiC is much larger than that in twin-free 3C-SiC around cutting tool, which will 
improve the machinability by ductile-mode cutting due to the softening prompted by dislocation 
emission from twin boundaries as well as dislocation glide along twin boundaries. Figure 5 also 
demonstrates that the number and distribution area of dislocations in nanotwinned 3C-SiC are larger 
than that in twin-free 3C-SiC. In addition, the material accumulation in front of the cutting tool is 
more pronounced due to the annihilation of dislocations on the free surface. 

 

Figure 5. Activating dislocations distribution for twin-free and nanotwinned 3C-SiC at a 
cutting length of 60 nm. (a) Twin-free 3C-SiC and (b) nanotwinned 3C-SiC. 
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Compared with nanotwinned 3C-SiC, twin-free 3C-SiC exhibits a significantly different 
deformation mechanism in regime V. Specifically, one of the intergranular main cracks formed in 
previous regime disappears accompanied by the coalescence of adjacent grains, which leads to a 
rapid decrease of cutting force in the former period of regime V. However, the cutting force 
increased rapidly in the later period of regime V due to the increased crack initiation and propagation 
along the grain boundaries, i.e., severe intergranular fracture events. Figure 6 shows the structure 
configuration of twin-free and nanotwinned 3C-SiC substrates after diamond cutting, highlighting 
the significant impact of twin boundary on the deformation mechanism of 3C-SiC. Figure 6 also 
clearly demonstrates that the intergranular fracture is the primary failure mechanism for 
nanocrystalline 3C-SiC. Compared to twin-free 3C-SiC, intergranular fracture is significantly 
suppressed in nanotwinned 3C-SiC, which can be attributed to accommodation of compatibility 
stresses provided by twin boundaries. It should be noted that crack initiation and propagation along 
grain boundaries (intergranular fracture) inside the workpiece have important influences on 
performance of 3C-SiC-based devices. This will seriously degrade the performance of 3C-SiC-devices 
and should be avoided as much as possible. In addition, numerous partial dislocations glide parallel 
to the twin plane and annihilate on the free surface of nanotwinned 3C-SiC, which causes more 
pronounced material accumulation in front of the cutting tool. For both twin-free and 
nanotwinned 3C-SiC, the amorphization occurs in the contact area between the workpiece and cutting 
tool due to high stress levels, leading to rapid lattice destruction. 

 

Figure 6. MD snapshots of cutting configurations at a cutting length of 64 nm. (a) 
Twin-free 3C-SiC and (b) nanotwinned 3C-SiC. 

Figure 7 shows the intergranular fracture inside twin-free 3C-SiC substrate during the cutting 
process at an atomic scale level. As the advancement of cutting tool and with the increase of strain, 
the initial nucleation of the cavity along grain boundaries occurs at the critical strain. The material 
between adjacent cavities can be considered stretch sample with neck shrinkage. The neck is pulled 
out at atomic scale to form a single atomic chain in alternating arrangements of carbon and silicon 
atoms before it finally breaks. It should be noted that these chains will maintain a metastable state in 
a separate equilibrium simulation system in which the strain is remained and the stress can be relaxed. 
For twin-free 3C-SiC, stress relaxation can be achieved by the plastic flow along grain boundaries. 
Although the disordered intergranular membrane in nanocrystal 3C-SiC exhibits ductility, its plastic 
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deformation is constrained by neighboring grains. Consequently, large multi-axial stresses will be 
applied to grain boundaries during mechanical loading, which can promote cavity nucleation. The 
final intergranular fracture will occur until the cavities percolate through the intergranular membrane. 
It is important to note that no new lattice instability or dislocation nucleation is observed in the 
grains near the fractured intergranular film. This suggests that intergranular fracture is primarily 
driven by cavity nucleation and their propagation within a confined intergranular film. However, for 
nanotwinned 3C-SiC, intergranular fracture can be significantly suppressed by the introduction of 
twin boundaries. 

 

Figure 7. (a) Intergranular fracture inside twin-free 3C-SiC; (b) close-up of necking to 
form single-layered chains of alternating arrangements of Si (red) and C (blue) atoms. 

3.2. Influence of twin boundary spacing 

Figure 8a,b depict changes in cutting force and thrust force with cutting length for different TBS. 
The friction coefficient, defined as the ratio of cutting force to thrust force, is shown in Figure 8c. 
These curves exhibit similar trends: frictional resistance rises rapidly during cutting and stabilizes 
around a constant average value as cutting progresses. Figure 8d displays the constant average 
friction coefficient values between cutting lengths of 30 and 64 nm for nanotwinned and twin-free 
3C-SiC substrate, with error bars indicating the range of values for each substrate. Fluctuations in 
friction coefficient towards the end of cutting are attributed to the heterogeneous nature of brittle 
fracture and plastic deformation, with the constant average value strongly influenced by TBS. 
Specifically, it initially decreases with decreasing TBS, reaching a minimum for TBS2 with a 
spacing of 3 nm, and then increases with further decreases in TBS. This suggests the presence of a 
critical TBS of 3 nm where the constant average friction coefficient value is minimized. 
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Figure 8. Diamond cutting of nanotwinned 3C-SiC with varying TBS. (a) Cutting force; 
(b) thrust force; (c) friction coefficient–cutting length curves; and (d) average friction 
coefficient. 

Figure 9a,b display changes in normalized quantities of twin boundary atoms and amorphous 
atoms after diamond cutting on nanotwinned 3C-SiC substrates, respectively. The normalized 
number denotes the proportion of the change in count relative to the initial count of various atom 
types. It is evident that when TBS equals or exceeds the critical value (TBS2), the TB atom count 
increases alongside an uptick in amorphous atoms during diamond cutting. Furthermore, this 
increase in TB atoms is more pronounced for larger TBS. Conversely, the TB atom count decreases 
after diamond cutting on TBS1, where the TBS is less than the critical value (TBS2). This highlights 
the critical TBS for achieving the minimum constant average friction coefficient value, influenced by 
the fierce competition among deformation twinning, intergranular fracture and twinning migration. 
In addition, for both nanotwinned 3C-SiC substrates, the number of amorphous atoms significantly 
increase after diamond cutting. 
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Figure 9. Changes in normalized numbers of (a) twin boundary atoms and (b) 
amorphous atoms after diamond cutting for nanotwinned 3C-SiC with different TBS. 

Figure 10 illustrates the machined surface morphologies of different nanotwinned 3C-SiC 
substrates after diamond cutting. For TBS1 with a high density of twin boundaries, the twin 
boundaries inside the grain directly below the tool are destroyed to a greater extent as the tool passes 
through the workpiece, where the stress is large enough to destroy the coherent twin structure, as 
shown in Figure 10a. Compared with twin-free 3C-SiC, intergranular fracture is significantly 
suppressed for all nanotwinned 3C-SiC substrates, which can be attributed to the accommodation of 
compatibility stresses provided by twin boundaries. Therefore, the introduction of twin plan structure 
enhances the ductility and decrease brittle fracture of nanocrystalline 3C-SiC. Specifically, there is 
no main crack of intergranular fracture on TBS1 after diamond cutting, and the most severe brittle 
fracture occur on TBS2 among nanotwinned 3C-SiC substrates. This clearly highlights the strong 
dependence of intergranular fracture on the TBS. Figure 10 highlights the significant impact of TBS 
on the surface pileup distribution in nanotwinned 3C-SiC substrates, owing to variations in the glide 
directions of slip systems. Notably, the twin-free 3C-SiC substrate exhibits a smaller surface pileup 
volume compared to its nanotwinned 3C-SiC counterparts. In nanotwinned 3C-SiC substrates, 
surface pileup becomes more pronounced with larger TBS values, particularly when TBS equals or 
exceeds the critical threshold (TBS2). Surface pileup arises from the buildup of surface steps generated 
when dislocation motion, gliding on <110>{111} slip systems, ceases at the surface. Despite a higher 
dislocation density in nanotwinned 3C-SiC substrates with smaller TBS, fewer active slip systems 
exist as dislocations predominantly glide parallel to twin boundaries. Conversely, in nanotwinned 
substrates with larger TBS values, there is more space available for dislocation multiplication. 
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Figure 10. Resulting machined surface morphologies of various nanotwinned 3C-SiC 
substrates after diamond cutting. (a) TBS1; (b) TBS2; (c) TBS4; and (d) TBS5. 

In addition, twin boundary migration tends to occur for nanotwinned 3C-SiC with smaller TBS. 
Figure 11 offers a detailed glimpse into the atomic layout of the coherent twin boundary during twin 
boundary migration for TBS2. Under increasing mechanical loading, resulting in higher resolved 
shear stress on the twin plane, the twin boundary shifts direction perpendicular to itself by two 
atomic planes. This movement is facilitated by twinning partial dislocation at the coherent twin 
boundary accompanied by a step (Figure 11b). Twinning dislocations propagating and gliding along 
the twin plane result in step formation, which may ultimately initiate twin boundary migration by 
two atomic layers. Consequently, shear-induced dislocation motion along the coherent twin 
boundary generates twin boundary steps and triggers twin plane migration, disrupting the coherency 
of the twin boundary and creating local stress concentration sites along them. Additionally, as 
depicted in Figure 11b, the lattice dislocation originating from the defective coherent twin boundary 
at the step location develop by generating intrinsic stacking faults (ISF), which are dragged behind. It 
should be noted that in addition to the influence of twin-related dislocation behavior on the 
machinability of nanocrystalline 3C-SiC, the characteristics of the grain boundaries, such as stability 
and strength, also significantly impact the generation and propagation of cracks. For instance, the 
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macroscopic degrees of freedom of a flat grain boundary between two grains with a definite 
orientation relationship are specific. In the presence of twins, the grain boundary will contain 
multiple segments with different macroscopic degrees of freedom, and the properties of the grain 
boundary will differ significantly from that in the absence of twins. The changes in the grain 
boundary structure and topological properties of the grain boundary networks caused by the 
introduction of twins, and their role in the fracture behavior cannot be ignored. Furthermore, the 
triple points where the TBs intersect with grain boundaries are the main stress concentration regions, 
which is also the main reason why twinning partials are easily activated and lead to TB migration or 
detwinning process. 

 

Figure 11. (a) Lots of twin planes migrate on nanotwinned 3C-SiC substrate with TBS2; 
and (b) enlarged view of coherent twin boundary illustrating the formation of step and 
nucleation of partial dislocation. 

4. Conclusions 

In conclusion, we perform MD simulations to study the diamond cutting mechanisms of 
nanotwinned 3C-SiC with an emphasis on improving its ductile cutting performance. The effect of 
twin boundary on cutting mechanisms of nanocrystalline 3C-SiC is systematically investigated by 
analyzing changes in cutting force, dislocation activity, intergranular fracture, and twin 
boundary-mediated deformation behavior. The simulation results demonstrate that there are more 
nucleation sites of intergranular crack for twin-free 3C-SiC workpiece due to the absence of 
accommodation of plastic strain mediated by the twin boundaries. The dislocation density in 
nanotwinned 3C-SiC is much larger than that in twin-free 3C-SiC, which will improve the 
machinability due to the softening prompted by dislocation emission from twin boundaries as well as 
dislocation glide along twin boundaries. In addition, intergranular fracture is primarily driven by 
cavity nucleation and their propagation within a confined intergranular film. In particular, 
intergranular fracture can be significantly suppressed by the introduction of twin boundaries in 
diamond cutting of nanocrystalline 3C-SiC. Additionally, the ductile machinability of 
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nanotwinned 3C-SiC is strongly dependent on the twin boundary spacing. Specifically, for twin 
boundary spacing from 1.5 (TBS1) to 12 nm (TBS5), there exists a critical TBS of 3 nm (TBS2) 
where the surface pile-up and constant average friction coefficient value are minimized. There is no 
main crack of intergranular fracture on TBS1 after diamond cutting, and the most severe brittle 
fracture occurs on TBS2 among all nanotwinned 3C-SiC substrates. 
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