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Abstract 

 

In a previous work [1] we introduced the geometry of a granular system that allowed the study of 

the effect of a finite mobility of the quadruple and triple junctions on grain boundary migration. 

One of the most important conclusions of this work was that the triple junctions drag more 

effectively the motion of the grain boundaries than the quadruple junctions. Nevertheless, this 

conclusion was drawn without consideration of the grain size. For this reason, this conclusion might 

be contradictory with our understanding of the grain boundary junctions because while the effect of 

the triple lines is inverse linear with the grain size that of the quadruple junctions is proportional to 

the inverse square of the grain size and thus, quadruple junctions are expected to drag more 

effectively, at least, for very small grain sizes. In the present investigation, we studied 

comprehensively the effect of grain size on the evolution of the granular system under the 

assumption of a finite mobility of the boundary junctions. For this purpose, several network model 

simulations were carried out for different grain sizes ranging from nano- to micrometers using a 

fully periodic grain arrangement. The results seem to corroborate that the triple junctions drag more 

effectively the motion of the grain boundaries, however, for very low junction mobility and grain 

sizes the effect appears to be indistinguishable. It was also observed that for very low quadruple 

junction mobility the geometry of the granular system undergoes a severe transformation which 

results in the unfulfillment of the equation derived in [1]. 

 

Introduction 

 

It has been previously shown by computer simulations that a quadruple junction can drag the 

motion of a connected grain boundary system in a similar way as the triple lines do [1]. 

Experimentally, it is very difficult to confirm these results because metals are not transparent and an 

adequate measurement would require in-situ, as well, non-destructive techniques. Furthermore, 

since polycrystals in metallic alloys are very complex, it is difficult to single out the effect of 

quadruple junctions from others factors that influence the motion of the grain boundaries. Even in 

simulations, special grain arrangements are required to provide the necessary constant driving force 

to study the effect of these junctions on the kinetics independently of the grain size. The magnitude 

of this effect is also an open question since some investigations [2] have shown that quadruple 

junctions can drag more effectively boundary migration than triple lines yet in other [1] the contrary 

has been concluded. The purpose of this paper is to elucidate this problem by means of 3D network 

model simulations. 
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Effect of boundary junctions on grain boundary motion 

 

The effect of the finite mobility of triple lines and quadruple junctions have been already studied in 

very well controlled systems [3-6]. The main effect of the finite mobility of the boundary junctions 

is a reduction of the kinetics during grain growth. This represents a reduction of the driving force 

which occurs as a necessity of the system to adjust to the lowest kinetics. For instance, triple lines 

with finite mobility will force the system to flatten its grain boundaries reducing the dihedral angle. 

The finite mobility of the triple lines will act similarly but, in this case, it will be first observed a 

flattening of the triple lines by reducing the angle θ (Fig. 1b, Eq. (2)). Quantitatively, the effect of 

triple lines can be characterized by the parameter Λtl  
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whereas that of the quadruple junctions by the parameter Λqp [1,3]: 
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where mgb, mtl and mqp are, respectively, the grain boundary, triple line and quadruple junction 

mobilities. The size of the grain is represented in Eq. (1) by r, while in Eq. (2) by x0. From this 

equations, it can be noticed that Λqp is directly proportional to the square of the size measure x0. For 

this reason, it is expected that the quadruple junctions affect more strongly the motion of the grain 

boundary in very small grain arrangements than the triple lines. However, it was found in [1] that 

quadruple junctions do not drag drastically the motion of the grain boundaries. Nevertheless, in this 

investigation a constant grain size was used and thus, any possible effect of the grain size was 

avoided. 

 

 
 

(a) (b) 

Figure 1. Geometry of a grain boundary as outlined by the triple lines. The variables used for the 

derivation of Eq. (2) are here depicted. 

 

In order to study the effect of grain size in a system with intrinsic finite mobility of the boundary 

junctions, the grain arrangement depicted in Fig. 2 was used. The special characteristic of this 

system is that the diving force remains constant during the evolution of the system. This as a 

consequence of the von Neumann-Mullins relation [7] that predicts that a 2D grain with hexagonal 

grain has a area rate of change equal to zero. It is obvious from Figs. 1a and 2a that the grain 

boundary can only move in the x-direction achieving thus steady-state motion. 
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Simulation results 

 

In order to single out the effect of the grain size, two sets of simulations were carried out. For the 

first set, a constant triple line mobility mtl=2e-4 m
3
/Js was used while the quadruple junction 

mobility was set as infinite. For the second group, the triple line mobility was considered infinite 

whereas the quadruple junction mobility was equal to mqp=20 m
2
/Js. The used grain boundary 

mobility was constant for all the simulations and equal to mgb=1e-10 m
4
/Js.  Configurations with 

different sizes were simulated and the evolution of the volume with time was recorded. The results 

are summarized in Fig. 3. 

 

 
Figure 2. Periodic grain arrangement used in the simulations. The configuration consisted of five 

grains (only four visible) with periodic boundary conditions in the y- and z-axes. 

 

 

 
Figure 3. Normalized volume rate of change (dV/dt) as a function of the grain size. For large grain 

sizes there is no appreciable difference in the kinetics for triple line and quadruple junction drag. 

However, for small grain sizes the quadruple junctions seem to drag more effectively the motion 

achieving lower rates of change than triple lines. 
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The comparison between triple line and quadruple junction kinetics serves to better understand the 

grain growth phenomenon. The normalized volume rate of change as a function of the grain size 

can be observed in Fig. 3. For large grain sizes and at first sight, it is no possible to identify any 

difference. However, this is not the case since in Fig. 4 it is possible to appreciate that for large 

grain sizes (close-up) the triple lines drag more effectively the boundary motion i.e. the ratio of the 

volume rate of change ( qptj VV �� / ) is below one. In Fig. 3, nonetheless, it can be seen that for small 

grain sizes (about 10 µm) the quadruple junctions start achieving slower kinetics than the triple 

lines. For smaller sizes, the simulations with finite triple line mobility showed an appreciable higher 

volume rate of change than that showed by the simulations with finite quadruple junction mobility. 

All of this points out to two different kinetic regimes achieved by the system. This is better seen in 

Fig. 4 where the ratio between the volume rate of change for triple lines and quadruple junctions is 

plotted as a function of the grain size. In the close-up, it is showed the region where the triple lines 

influence the most the motion of the grain boundaries. The transition from one regime to the other 

occurs, for the used simulation conditions, at about 12 µm which is the first point that shows slower 

kinetics for the quadruple junctions. 

 

 

 

Figure 4. Ratio 
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 as a function of the grain size. Two different kinetic regimes can be 

identify. For large grain size, the triple lines drag more effectively grain growth. The contrary 

occurs for small grain sizes. In the frame, the ratio for large grain sizes is zoomed out. 

 

 

Conclusions 

 

It was observed in well controlled grain growth simulations with consideration of the finite mobility 

of boundary junctions that two kinetic regimes take place depending on the grain size for constant 

and finite junction mobility. The first regime applies for large grain sizes where the triple lines seem 

to drag more strongly the grain boundary migration. The second regime takes place for small grain 

sizes and the finite mobility of quadruple junctions governs the kinetics of grain growth. The 

transition from one regime to other occurs when the equilibrium angle at quadruple junctions 

assumes values below 90°. 
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