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A B S T R A C T

Σ3 twin boundaries are among the most common and influential grain boundary types in low to medium stacking 
fault, face-centered cubic (FCC) materials, yet the mechanisms governing their formation during grain growth 
remain incompletely understood. In this work, laboratory diffraction contrast tomography (LabDCT) was used to 
investigate the formation of Σ3 twins during abnormal grain growth in pure Ni. Among the 3695 Σ3 boundaries 
identified at the final state, most (81%) were formed during recrystallization. The total Σ3 boundary area 
decreased during grain growth, but at a slower rate than other boundary types, resulting in a relative enrichment 
of twins. The twin boundaries that newly formed during grain growth were primarily generated by twin 
nucleation rather than grain encounter. Newly nucleated twins were further divided into two subtypes based on 
the growth behavior of the parent grain. Grain‑growth nucleation produces twins aligned in the growth direction 
of rapidly growing parent grains consistent with the growth accident mechanism. In contrast, many nucleated 
twins (~80%) were associated with little parent grain growth (non‑grain‑growth nucleation) and found at triple 
junctions, supporting the grain boundary replacement mechanism. These results demonstrate that twin forma-
tion during grain growth is governed by multiple concurrent mechanisms and highlight the role of grain 
boundary velocity and grain boundary energy distribution on twin formation.

1. Introduction

In face-centered cubic (FCC) crystals, a Σ3 boundary is characterized 
by a crystallographic relationship in which the two adjoining crystals 
are related by a 60◦ rotation about a common 〈111〉 axis. When the 
boundary plane is {111}, the boundary corresponds to the coherent twin 
boundary. Twin boundaries are among the most common and easily 
identifiable microstructural features in FCC polycrystals with low and 
medium stacking fault energies. Twin boundaries can strongly influence 
key properties, including corrosion behavior [1–3] and fatigue resis-
tance [4–7]. Grain boundary (GB) engineering provides practical routes 
to increase twin density to enhance performance [8,9]. However, the 
underlying mechanisms that control twin formation and evolution are 
still not fully understood. This is partly because twins can form through 
distinct mechanisms [10]. This work will consider three twin formation 
mechanisms: (i). grain encounter, where two initially separated crystals 
with a 60◦/[111] misorientation collide during growth [11–13], (ii) 
grain growth accident, where a stacking error during GB migration 
causes the nucleation and growth of a twinned crystal [14,15], and (iii) 
twin nucleation at triple junction (TJ) to replace high energy GBs with 
lower energy ones [16–19].

Previous studies have investigated the evolution of twins during 
recrystallization and grain growth. For example, in high-purity nickel 
[20] and aluminum [17], annealing twin density was observed to in-
crease during recrystallization but decrease during subsequent grain 
growth, suggesting that twin formation is closely related to GB migra-
tion and its driving force. However, conventional two-dimensional (2D) 
observations cannot fully explain the formation process of twins, as the 
microstructure beneath the surface remains unknown. For example, it is 
often unclear whether a twin observed at the surface was newly formed 
or resulted from the propagation of a pre-existing twin from the sub-
surface region. Recent non-destructive 3D high energy x-ray diffraction 
microscopy (HEDM) studies in Ni have enabled direct observation and 
tracking of twin formation during grain growth [16]. However, under 
normal grain growth conditions, the focus is on twins nucleated at TJs 
and on the GB replacement mechanism [21]. The relatively limited GB 
migration during normal grain growth does not provide sufficient op-
portunity to examine the grain growth accident mechanism.

Previously, laboratory-based diffraction contrast tomography 
(LabDCT) was used to observe abnormal grain growth (AGG) in pure Ni, 
where a small fraction of grains become much larger than the sur-
rounding matrix, leading to a non-uniform grain size distribution [22]. 
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Like HEDM, LabDCT provides full microstructural maps 
non-destructively, enabling interrogation of grain growth in the same 
samples over time. Meanwhile, the occurrence of AGG provides a suf-
ficient number of twin formation events. These data are therefore suit-
able for studying the mechanisms of twin formation, particularly for 
assessing the relative contributions of different mechanisms when 
multiple occur. The proposed mechanisms are evaluated by analyzing 
the relationships between the nucleation rate of twin formation events 
and grain growth, the size of nucleated grains, and the initial grain size. 
The number of twins formed through each mechanism will also be 
reported.

2. Methods

2.1. Sample preparation and heat treatments

This grain growth study uses a high purity cast nickel feedstock 
(99.99%, Fisher Scientific, Waltham, USA) prepared the same way as 
described in Ref [22]. A cylindrical rod (1 mm diameter) was cut from 
the block using electrical discharge machining to minimize deformation. 
The specimen was recrystallized in a tube furnace under flowing forming 
gas by heating to 600 ◦C at 20 ◦C/min before furnace cooling to 200 ◦C 
(within ~17 min), after which the sample was removed from the furnace 
to air-cool to room temperature. Annealing was conducted at 800 ◦C for 
various times using the same heating and cooling rates. LabDCT scans 
were collected after recrystallization (t0) and then after annealing at 800 
◦C for 5 mins (t1), during which AGG occurred. Three additional LabDCT 
scans (t2, t3 and t4) were acquired after annealing for 30 sec increments 
(total anneal times of 5.5 mins, 6 mins, and 6.5 mins). Fig. 1 shows the 
temperature profile and cross-sectional views of the 3D microstructures 
collected at each time step.

2.2. LabDCT scans, reconstruction, and post-processing

LabDCT scans were acquired using a ZEISS Xradia CrystalCT system 
equipped with a flat-panel detector, a 250 µm × 750 µm aperture, and a 
beam stop. The specimen was positioned 11.6 mm from the source and 
250 mm from the detector. Diffraction images were collected using a 
120 kV accelerating voltage, 10 W power, 30 s exposure per projection, 
and detector binning of 2. Raw diffraction images were segmented and 
reconstructed using GrainMapper3D (Xnovo Technology ApS, Denmark) 
using cubic voxels of 5 µm edge length. The resulting microstructural 
volumes were post processed in Dream.3D [23]. A computed tomogra-
phy (CT) scan was performed with each LabDCT scan using the same 

beam conditions but smaller rotation step and shorter exposure time of 
0.5 s. This CT scan was used in the LabDCT reconstruction to define the 
position and volume of the sample. Grains were segmented using a 2◦

misorientation threshold. Grains containing fewer than 8 voxels or fewer 
than two neighbors were removed, and adjacent grains were dilated 
using the minimum size and minimum neighbors filters, respectively, to 
preserve the original structure with minimal modification. GB surfaces 
were meshed in Dream.3D using Quick Surface Mesh followed by Lap-
lacian smoothing for GB plane characterization and energy calculations.

GB area was calculated based on the surface mesh within Dream.3D. 
GB energy is calculated based on the misorientation and GB normal 
vector from the surface mesh using the function proposed by Bulatov, 
Reed, and Kumar [24]. The grain size (spherical equivalent grain 
diameter) is calculated with Dream.3D. Grains were registered between 
t1 and t4 by identifying grains with center-of-mass distances <100 µm 
and misorientations <1.5◦. For grains with multiple pairs, the pair with 
the smallest center displacement was selected. Additionally, it was 
found, due to the twin geometry, some grains were segmented to be one 
grain at one timestep and then two grains in another, complicating the 
match process. To address this, these grains were “merged” by 
combining any grains found with the same orientation and within the 
single grain’s volume at time step t4; the equivalent diameter was 
recalculated from the combined volume for use in the grain growth 
analysis.

3. Results

Only Σ3 boundaries with boundary planes parallel to {111} corre-
spond to coherent twins. However, in this work, all detected Σ3 
boundaries are considered twins. This assumption is necessary because 
of uncertainty in the measurement of the GB plane orientation that stems 
from the spatial resolution of the method. This uncertainty leads to 
variations in the plane orientation along single boundaries. While this 
assumption overestimates the number of twins, the majority of Σ3 
boundaries are known to correspond to annealing twins, particularly 
those that persist after grain growth due to their low energy [22,25,26].

As demonstrated in previous work, AGG occurred within the first 5 
mins at 800 ◦C (between t0 and t1) [22]. This significant grain growth 
and the complicated twin geometries introduce greater uncertainty in 
the tracking between the t0 and t1 timesteps. Therefore, this work fo-
cuses on the formation of twin boundaries during the subsequent 
microstructural evolution after AGG (t1-t4). Although most AGG has 
already taken place, grains that have undergone AGG still exhibit fast 
growth, enabling the study of twin formation. In the following analysis, 

Fig. 1. (A) Schematic of the heat treatment profile and (B) Visualization of the sample cross-section during interrupted annealing at 800 ◦C. The grains are colored 
with respect to their orientation along the sample’s z-axis according to the inverse pole figure key (IPF) provided.
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no distinction is made between grains that have experienced AGG and 
matrix grains. Of the 5424 grains in t4, 4654 (86%) of them are tracked 
back to t1.

As illustrated in Fig. 2, both the total GB area and the total Σ3 area 
decrease during annealing, consistent with GB energy driven micro-
structural evolution. Notably, the normalized reduction rate of the total 
GB area is faster than that of the Σ3 area. Although increases in the 
relative population (as reported with multiples of random, MRD) of twin 
boundaries with annealing time have been widely reported [26], here 
the total twin boundary area decreases in agreement with Ref [16,17]. 
The observed enrichment of twin boundaries compared to other 
boundary types increases their relative area, measured in MRD units 
even while the total area decreases. This enrichment can occur if other 
boundaries are removed preferentially, leading to a higher fraction of Σ3 
boundaries in the remaining network. This behavior is consistent with 
the low energy of the coherent twin (Σ3{111}) relative to general 
boundaries, and with prior reports that low energy boundaries tend to be 
retained during annealing [25] Fig. 2.

To verify how many twin boundaries were formed during grain 
growth, the twin boundaries present at t4 were tracked back to t1. For 
each twin boundary at t4, the two grains are individually tracked to their 
corresponding grains at t1 by their orientations and centroid location. A 
twin boundary found at t4 is considered trackable only if a matched 
grain pair was found for both grains. Among trackable boundaries, if the 
two grains forming the GB at t4 also form a boundary at t1, the t4 twin 
boundary is classified as a pre-existing twin boundary. If both grains 
were trackable but they do not form a boundary yet at t1, the boundary is 
classified as a grain-growth encounter formed twin boundary (i.e., 
formed when the two grains came into contact during growth). Note that 
these GBs may or may not be formed at t0. If one or both grains could not 
be tracked back to t1, the untracked grain is considered a nucleated twin 
and the twin boundary is classified as a nucleated twin boundary. When 
one grain is trackable, it is referred as the parent grain in this work. 
Examples of each of these cases is shown in Fig. 3. Due to the size lim-
itation of the technique, grains with equivalent spherical diameter 
smaller than 12.4 µm will not be captured. Thus, the number of twin 
nucleation events with nucleated grain sizes below this threshold is 
unknown, leading to an underestimation of the nucleation events. It is 
also possible that some of untracked grains were present initially and 
grew to a detectable limit. Although not truly nucleation, this growth 
behavior is important to consider as it contributes to the increase in twin 
boundary area.

Among the 3695 (1.37 × 107 µm2) twin boundaries found in t4, 2996 
(1.27 × 107 µm2) are pre-existing, 648 (8.07 × 105 µm2) are formed via 
nucleation, and 51 (2.29 × 105 µm2) are formed via grain encounter. 

Two types of twin nucleation can be identified and are classified by the 
growth behavior of the parent grain. The first nucleation type, as shown 
in Fig. 3C, involves one grain that exhibits significant growth in one 
direction, and the nucleated twin forms along the growth direction and 
continues growing. This type of twin formation will be referred to as 
grain growth nucleation and supports the grain growth accident mech-
anism mentioned in the introduction. The second type, as shown in 
Fig. 3D, shows a twin nucleating at a TJ with minimal grain growth of 
the twin and its immediate neighbors. Such nucleation behavior will be 
referred to as non-grain growth nucleation. This type of twin formation 
is consistent with previous literature that found twins nucleate at TJs 
(called corner-twin nucleation) to replace high energy GBs with lower 
energy GBs and, hence, reduce total interfacial energy [16]. It appears 
that more grains are formed through non-grain growth nucleation than 
grain growth nucleation. When a growth rate threshold of 30 µm is used 
to distinguish the two nucleation types, 108 twins form by grain growth 
nucleation events and 540 non-grain growth nucleation events. Note 
that the ratio of grain-growth to non-grain growth nucleation events is 
insensitive to the threshold as it varies ± 5% when changing the 
threshold from 20 µm to 50 µm.

For 36 newly formed twin GBs, neither of the grains could be traced 
to earlier time steps, suggesting that both grains are newly formed at t4. 
These grains may have been too small to be resolved at earlier timesteps 
or formed from other twinning events and, thus, are not considered in 
the following analysis. The analysis includes nucleation events near the 
surface (251 nucleation events). Notably, 47 twin nucleation events 
occur when the parent grain is shrinking. Examples of these events were 
visualized (see supplementary materials), and the parent grains are 
found to be shrinking anisotropically, such that the twin is nucleating on 
a region of the grain that is not experiencing significant shrinkage. 
Therefore, these nucleation events are included in the analysis.

Fig. 4A shows no clear relationship between grain growth rate and 

Fig. 2. The evolution of the total GB area with heat treatment time. The black 
solid line represents the total area of all GBs, including Σ3 boundaries and all 
other boundaries. The red dashed line represents the total area of Σ3 bound-
aries. The normalized area change is labeled between each time step.

Fig. 3. Visualization of example twin boundaries, with black arrows indicating 
the boundary locations. (A) Example of pre-existing twin boundary. (B) 
Example in which a twin boundary forms through a grain-growth encounter. 
The pink grain undergoes AGG from t1 to t2, encounters the green grain, and 
forms a twin boundary. (C) Example of grain growth nucleation, in which the 
blue grain grows downward during t2–t3 and nucleates a twin in its growth 
direction. After the twin boundary forms, it expands but does not migrate. The 
newly formed twin (pink grain) continues to grow downward. (D) Example of 
non–grain growth nucleation. The black feature is the newly formed grain, 
which forms at a TJ. The three grains constituting this TJ do not grow signif-
icantly from t1 to t4.
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the number of twins nucleated. However, very fast moving GBs are more 
likely to nucleate a twin. Of the top 3% fastest growing grains (>30 µm 
change in diameter, see Fig. 4B), 59.7% nucleate at least one twin 
compared to a nucleation rate of 9.8% for all other grains. Fig. 4C shows 
the grain size change distributions for parent grains that nucleated one, 
two, three, four, or more than four twins, showing a weak correlation in 
the number of twins nucleated and the fastest growing grains. Addi-
tionally, the size of the nucleated twin tends to be larger when the grain 
growth rate is large, as seen with the color bar in Fig. 4A. This behavior 
is consistent with the grain growth nucleation as defined above. For 
verification, grains with few nucleation events and large grain growth 
changes are visualized in Fig. 3C and the supplementary materials 
Fig. S1 (A-C).

A stronger correlation is found between the number of nucleation 
events and the size of the grain, as seen in Fig. 4D This relationship exists 
regardless of the growth rate of the parent grain. Large parent grains can 
nucleate twins even without pronounced growth, possibly because they 
provide more GB area and TJs where twin nucleation events may occur 
[16]. As can be seen from Fig. 4A, the twin grains nucleated by these 
grains are small, which is consistent with the previously described 
characteristics of non-grain growth nucleation. For verification, grains 
with many nucleation events (>3) and small grain growth changes (<30 
µm) are visualized in Fig. 3D and in the supplementary materials Fig. S1 

(D-F). The results are consistent with the previous description of 
non-grain growth nucleation.

From Figs. 4A, C, and D, it can be observed that grains with larger 
initial sizes or faster growth rates are more likely to nucleate twin grains, 
supporting the conclusion that two nucleation mechanisms operate in 
parallel. AGG provides an opportunity to view both mechanisms as large 
and fast growing grains are present. Although few nucleation events 
occur relative to the number of grains, fast grain growth can lead to large 
twins consistent with the grain growth accident mechanism while large 
grains (with many small neighbors) have more TJs to increase the 
probability of twin nucleation associated with corner-twin nucleation.

4. Discussion

4.1. Twin formation during grain growth

This work demonstrates that grain growth does not significantly alter 
the population of twin GBs. The continuous decrease in the total twin 
boundary area shown in Fig. 2 and the observation that 81% of the twin 
boundaries in t4 are already present at t1, indicates that most twins form 
during recrystallization, consistent with previous studies [17,20,27]. 
Although AGG can potentially increase the odds of grain growth 
encounter, as shown in Fig. 3B, only 1.38% of the newly formed twin 

Fig. 4. A) Scatter plot showing the relationship between grain growth rate and the number of nucleated grains that form twin boundaries. For grains that did not 
generate any twins, those with diameter reductions greater than 50 µm were excluded because such large apparent shrinkages are likely related to tracking artifacts. 
B) Grain size increase of all grains that exhibited growth, emphasizing that fewer than 10% of the grains grew >25 µm and fewer than 5% of the grains grew >50 µm. 
C) Cumulative distribution of grain size change for grains with different number of nucleation events. D) Cumulative distribution of the initial parent grain size for 
grains with different numbers of nucleation events. For grains that did not generate twins in (C) and (D), only grains that exhibited growth are included in the figure.
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boundaries are generated through encounters. Using the orientations of 
the grains in the lower half of the volume measured at t1, the probability 
of forming a S3 grain boundary was calculated. Among the 4166 grains 
included in the analysis, each grain has the 60◦/[111] misorientation 
(using a 3◦ tolerance for both misorientation angle and axis) with an 
average of 6.35 grains throughout the entire microstructure. This is 
equivalent to a probability of approximately 0.15% that a randomly 
selected grain pair satisfies the Σ3 twin relation if grown large enough to 
encounter one another. This value is lower than previously reported 
theoretical predictions of approximately 1.5% [11,28], but both esti-
mates consistently indicate that the fraction of twin formation by grain 
growth encounter is small. The discrepancy may arise from differences 
in calculation methods and underlying assumptions.

The nucleation of twin boundaries during grain growth occurs much 
less frequently than during recrystallization and appears to follow two 
distinct mechanisms distinguished by the growth rate of the parent 
grains. Most nucleated twins are associated with insignificant grain 
growth for both the twin and its neighboring grains. While it is possible 
those twins classified as non-grain growth nucleation suffered an abrupt 
reduction in driving force following the twinning event, this seems un-
likely because they are found at the junction between three grains that 
were all growing slowly before the twin was detected. Their formation at 
TJs is consistent with the boundary replacement mechanism, in which a 
higher-energy GB is partially replaced by a Σ3 twin boundary together 
with lower-energy boundaries [16]. This type of nucleation appears to 
be more prevalent and will be discussed in more detail in Section 4.2.

In contrast, fast motion is also associated with grain nucleation; 
59.7% of grains with growth rate greater than 30 µm nucleate at least 
one twin. Considering only nucleation events accompanied by grain 
growth exceeding 30 µm, a moderate positive correlation (R = 0.54, R² 
= 0.29, p = 0.00017) is observed between the grain growth rate and the 
number of twins nucleated. These observations can be explained by the 
grain growth accident mechanism proposed by Gleiter [14] and 
recrystallization studies [20,27]. However, those studies suggest that 
twin nucleation is directly correlated with GB migration velocity (i.e., 
faster boundaries have more twins). Here, as shown in Fig. 3C, the fast 
growth does not tend to nucleate more twins but larger twins. Further-
more, some fast-growing grains (40.3% of those with > 30 µm diameter 
change) do not nucleate a twin. This difference from previous recrys-
tallization studies may reflect the effect of local GB curvature on the 
accident mechanism. A migrating convex boundary favors coherent twin 
propagation, whereas a concave boundary suppresses twin formation 
due to the requirement for high energy incoherent twin boundaries [14,
20]. Thus, in addition to significant grain growth, the boundary may 
also need to exhibit anti-curvature motion (motion in the opposite di-
rection of curvature) to facilitate twin nucleation. AGG appears to pro-
mote such growth accidents due to the very high growth rates involved 
but not as significantly as during recrystallization because of the 

reduced likelihood of anti-curvature motion. Notably, grains with 
higher growth rates tend to generate larger twins (see Fig. 4A). The 
nucleated twins can maintain the growth rate of the parent grain. This 
growth rate is not fully understood and will be evaluated in future work.

4.2. Non-grain growth nucleation

During grain growth, twin formation is dominated by the nucleation 
of twins at TJs with little grain growth, supporting an alternative 
mechanism for lowering interfacial energy. Fig. 5A illustrates a twin 
nucleation at a TJ, where the boundary between grains A' and A 
constitute the newly formed twin boundary. Although increasing the 
total GB area, the system can lower its total interfacial energy when 
introducing a twin by (1) replacing high energy GBs between grain A 
and grains B and C (GBA/B and GBA/C shown in red in Fig. 5A), with 
lower energy boundaries between grain A’ and grains B and C (GBA’/B 
and GBA’/C, shown in blue in Fig. 5A), respectively, or (2) grain A’ 
growing to reduce the area of GB between grains B and C (GBB/C). By 
comparing the local energy changes at the TJ caused by nucleation 
events, it can be verified whether these nucleated twins reduce the total 
energy of the TJ through GB replacement mechanism, as reported in the 
literature [21]. Here, only half of the twin nucleation events analyzed 
showed a reduction in local GB energy by the formation of the twin (see 
supplementary materials Figure S3), providing no clear evidence of the 
mechanism. However, this analysis is limited given the number of reli-
able events measured and the relative spatial resolution of the technique 
with respect to the grain size of nucleated twins. Higher resolution mi-
croscopy methods can help identify the mechanism for their nucleation.

Alternatively, it was tested whether the growth of a nucleated twin 
from a TJ reduces interfacial energy by decreasing the area of GBB/C 
using a geometric metric that describes the twin growth direction: the 
fraction of the grain A’ volume that lies within the volume previously 
occupied by grain A at t1. When the fraction is equal to 1, it indicates 
that grain A' grows into A grain after its formation and does not change 
the GBB/C area. When the fraction is close to 0, it indicates that grain A' 
grows into grains B and C and reduces the area of GBB/C. Nucleation 
events where the growth of parent grain is smaller than 30 μm and 
neighboring grains of nucleated grain are present and form a TJ at t1 are 
used. Using these criteria, 177 nucleation events and 629 TJs were 
identified. Fig. 5B shows that, after nucleation, ~67% of the newly 
formed twin grains grow towards grains B and C (volume fraction <
0.2). Only ~15% of the newly formed twins grow into grain A (volume 
fraction > 0.8). This growth behavior suggests that nucleated twins 
grow to reduce the GB area of the grains not associated with the twin. 
This behavior, although different from the previously hypothesized 
mechanism of corner-twin nucleation, further suggests that nucleated 
twins’ growth can preferentially remove high energy GBs.

To test this theory, the GB energies at the TJ after twin nucleation 

Fig. 5. Assessment of GB replacement mechanism by twin nucleation at a TJ. (A) Schematic of a twin (A’ with respect to A) forming at a TJ comprising grains A, B, 
and C. (B) The volume fraction of A’ measured at t4 occupying the volume of grain A measured at t1. (C) The GB energy difference between GBB/C and the average of 
GBA’/C and GBA’/B measured at t1 for twins that do or do not reduce the GBB/C area.
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were compared to assess whether GBB/C is higher energy than GBA’/B and 
GBA’/C. Fig. 5C shows the difference between the average GB energy (γ) 
of the GBs at the TJ (between grains A’, B, and C after twin nucleation) 
when the nucleated twin grain grows into and away from its parent 
grain. For the case where the nucleated twin grain grows away from its 
parent grain (i.e., grow towards grain B and C), the energy of GBB/C is 
slightly larger than the average of other two boundaries at TJ. Therefore, 
within the current measurement fidelity, although the tendency is weak, 
when the energy of GBB/C is high, the nucleated grain tends to grow 
toward grains B and C to eliminate high energy grain boundaries. Note 
that the energy measurements are highly sensitive to the measured plane 
inclination and, thus, meshing and grain size. Higher resolution methods 
are recommended to verify these findings.

5. Conclusion

Using time resolved 3D LabDCT measurements during interrupted 
abnormal grain growth, this work investigates the formation of Σ3 twin 
boundaries in Ni at 800 ◦C. During grain growth, the total Σ3 boundary 
area decreases but at a slower rate compared to other boundary types, 
causing a relative enrichment. Most twins observed are pre-existing, and 
new twin boundaries formed during growth were dominated by twin 
nucleation rather than grain growth encounter. The nucleated twins are 
classified by the growth rate of the parent grain into two twin formation 
mechanisms. The first is grain growth nucleation, which produces 
relatively large twins in the growth direction of a rapidly growing parent 
grain and is consistent with the growth accident mechanism. The second 
is non-grain growth nucleation, which generates smaller twins without 
obvious parent grain growth, and is consistent with the GB replacement 
mechanism. The fact that most nucleated twins are associated with non- 
grain growth indicates that, unlike in recrystallization where rapid GB 
migration promotes twin formation, twin nucleation during grain 
growth, even under AGG conditions, is more strongly related to the 
initial grain size than to the extent of grain growth. These observations 
suggest that twin formation in the present system is more strongly 
governed by triple line nucleation than by grain encounter or grain 
growth accidents. Future work should investigate the dependence of this 
ratio on the materials stacking fault energy.
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