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Molecular dynamics simulations were utilized to study the interfacial crystallization between polyethylene (PE) and single 

walled carbon nanotubes (SWCNT). The early stage of PE crystallizing on the surface of SWCNT and SWCNT bundle were 

studied for comparison. The result showed that PE chain tended to stabilize in the grooves of SWCNT bundle and extended 

along the direction of SWCNT afterwards. The early arrived chain could then lead to a regular arrangement of other chains 

and this was conducive to the formation of interfacial crystallization. Also, the inner mechanism of interfacial 

crystallization in solution and melt had been investigated. It was found that in solution, the interfacial crystallization of PE 

is a spontaneous process. However, in melt the interfacial crystallization strongly depended on the pre-orientation of PE 

chains. This will help to understand the origin of polymer interfacial crystallization and guide for the fabrication of high 

performance polymer/CNTs nanocomposites via interfacial crystallization. 

1. Introduction 

Since discovered by Iijima in 1991,1 carbon nanotubes (CNTs) 

have caused intensive concern in recent years owing to their 

great mechanical, electrical and thermal properties.2-6 These 

extraordinary properties make them ideal filler for preparing 

polymer composites.7-9 In order to achieve a great mechanical 

enhancement, strong interfacial adhesion between polymer 

matrix and CNTs is necessary because of its decisive role in 

load transfer.10, 11 The interfacial enhancement can be realized 

by the following strategies: chemical modification of the CNTs 

to introduce various functional groups,12, 13 in situ 

polymerization14 and non-covalent decorating of CNT surface 

using surfactant/ functionalized molecules15, 16. However, the 

chemical treatment to CNT could not be easily achieved and 

also changed the intrinsic properties of CNTs.17 Meanwhile, 

the non-covalent way was restricted to the weak interaction 

between coating molecules and CNTs. In recent years, 

interfacial crystallization is considered to be an efficient way to 

enhance the interfacial interaction between the two 

components since CNTs can act as an effective kind of 

nucleating agent for polymer crystallization.18-20 

To reveal the internal mechanism of interfacial crystallization, 

molecular dynamics (MD) simulation has been considered as 

an efficient tool for investigating the intermolecular 

interactions between polymer chain and CNTs.21-24 For 

example, Yongho Joo et al. compared two kinds of Conjugated 

polymers (PFO-BPy and PFO-BPy:Re) with different backbone 

rigidity. They found that the wrapping and unwrapping of the 

polymer chains can be greatly affected by the rigidity of 

polymer backbone.25 By virtue of MD simulation, the adsorbing 

and ordering process of polymer molecules on CNTs can be 

observed visually thus a further understanding about the 

origin of interfacial crystallization will be obtained. Wei 

reported that the arrangement of PE chains strongly depended 

on the lattice structure of the SWCNT as well as the 

temperature.26 Yang et al. focused on the crystallization 

process of single PE chains with different chain lengths on the 

SWCNT. They found that the attractive van der Waals 

interactions controlled the adsorption and pre-orientation of 

PE, and as the chain length of PE increased, more 

microstructures would appear in the final ordered structure.27 

Andrea Minoia and co-workers discussed more factors that 

might affect the interfacial interactions between PE and 

SWCNT, such as chirality, diameter, functionalization of 

SWCNT etc.28 The results showed that the interface stability 

decreased with the curvature of the carbon surface, while the 

chemical groups present on SWCNT would hinder the regular 

arrangement of PE chain. However, these simulations results 

hardly considered the phenomena observed in experiment, 

and the mechanism of interfacial crystallization 

in actual processing still worth being further studied, since the 

formation of interfacial crystallization is a complicated process 

and will be affected by many factors. For example, Ning and 
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co-workers reported that nanohybrid shish kebab (NHSK) 

structure could be easily achieved using single-walled carbon 

nanotubes (SWCNT) bundles with “groove structure” on the 

surface.29 It was found that the surface topography structure 

of CNTs was very important for the formation of NHSK. 

Additionally, the preparation methods also play a significant 

role in the formation of interfacial crystallization. Take the 

fabrication of polyethylene (PE) /CNTs composites as an 

example, NHSK structures can be obtained through the 

following means: solution crystallization18, solvent 

evaporation,30 using supercritical CO2 as antisolvent31
 and also 

melt crystallization. The former three methods can be 

summarized as solution crystallization because they all take 

advantage of some kind of solvent. These solution 

crystallization methods hardly introduce any strong external 

field other than stirring. However, in melt crystallization 

process, the NHSK structures were prepared via dynamic 

packing injection molding technology (DPIM)32 or melt 

spinning33. It is not hard to find that a strong shear or stretch 

field is necessary to form NHSK in melt crystallization. These 

external fields would impel the polymer chains to align along 

the direction of CNTs and this molecular orientation effect was 

conducive to the formation of interfacial crystallization. 

Limited by current characterization methods, the above-

mentioned experiment observation cannot be explained 

intuitively and the internal mechanism of interfacial 

crystallization remains unclear. In this work, MD simulations 

were utilized to investigate the interfacial crystallization 

process of PE chains on SWCNT. The influence of SWCNTs’ 

surface topography structure and different processing 

methods is examined. SWCNT and different kinds of SWCNT 

bundle were constructed for comparison study. It was found 

that the “grooves” on the surface of SWCNT bundle had a 

significant contribution to the stabilization and orientation of 

PE chain. Additionally, the difference between solution 

crystallization and melt crystallization was explored by varying 

the number of PE molecules, temperature as well as the 

orientation angles between PE molecules and SWCNT. The 

results are conducive to understand the origin of polymer 

interfacial crystallization and also offer an explanation to the 

unclear phenomena in experiment. Furthermore, guidance can 

be provided for the fabrication of high performance 

polymer/CNTs nanocomposites with NHSK. 

2. Simulation Models and Methods 

All the simulations in this work were performed using the 

Forcite module of Materials Studio developed by Accelrys Inc 

in the constant volume, constant temperature (NVT) 

ensemble. The Dreiding force field was chosen for its accuracy 

in investigating the mechanism of polymer crystallization.27, 34 

The periodic boundary condition was not introduced. 

2.1 Molecular Models 

Since some of the factors that may influence the interfacial 

crystallization, such as the length of PE chain or the diameter 

and chirality of CNT have already been investigated,27, 28 all the 

SWCNT and PE molecules used in the simulations are in the 

same size. The PE chain contained 100 repeat units. The 

SWCNT was (8, 8) armchair terminated by hydrogen atoms at 

both ends, with a diameter of 10.85 Å and a length of 196.76 

Å. In the first part, initially, SWCNT bundle was constructed by 

arranging three SWCNTs (8, 8) in parallel and then the groove 

structure could be obtained. A schematic illustration of the 

construction process was shown in Figure 1. Firstly, a SWCNT 

was placed at a specified position. Then the SWCNT was 

moved right for a certain distance. After that, another SWCNT 

was put in the same position where the first one was located 

initially. This SWCNT was moved upper right for a same 

distance. Finally, the third SWCNT was placed at the initial 

position of the former two and a SWCNT bundle could be 

constructed. In order to minimize the strain energy, the 

SWCNT will not be rotated relative to one another. The 

distance between the two SWCNTs was 3.347 Å. The bundle 

was more stable at this distance because of the strong π-π 

stacking effect between the tubes. Since the conformation of 

SWCNT changed little during the simulation and this change 

would not influence the interactions between polymer chain 

and SWCNT,35, 36 both the SWCNT and SWCNT bundles were 

put along Z-axis and the position coordinates of all atoms was 

fixed to simplify the simulation procedure. In addition, to 

construct more different SWCNT bundles for comparison 

study, more different kinds of SWCNT bundles were 

constructed. On the one hand, the distance between the 

SWCNTs was gradually increased by 1 Å from 5 Å to 12 Å. On 

the other hand, three kinds of SWCNT bundles formed by 

different tubes were created. The combinations of SWCNTs 

were (20,20)/(20,20), (6,6)/(20,20), (11,0)/(6,6) and the 

distance between the two SWCNTs was 3.347 Å . In the second 

part, models with different number of PE molecules and 

different initial orientation angles were constructed. The 

SWCNT used in this part was (8, 8) armchair as well. The 

systems contained 1, 3, 10 PE chains respectively. The models 

with one PE chain are considered to represent the behavior in 

extremely dilute solution and the motion of PE chain is 

completely independent. In the models with more PE chains, 

entanglements between different chains will occur and can be 

considered as the behavior in melt. The initial orientation 

angles between PE and SWCNT varied from 0°, 45° to 90°. In 

actual processing, the introduction of external field can force 

the polymer chains to  

 

 

Fig. 1 Schematic illustration of the construction process for a 

SWCNT bundle (side view). Each circle represented a SWCNT. 
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align along a same direction. Therefore, the change of initial 
orientation angles is assumed to reflect the different external 
field condition. The parallel models represent the behavior of 
PE chains under a strong shear or stretch field. Thus there 
would be nine models in total.  

2.2 Simulation Methods 

The simulations could be divided into two parts. In the first 

part, the early stage of PE patterning on the surface of SWCNT 

and SWCNT bundle were studied for comparison. The initial 

conformations of the two models contained a SWCNT or 

SWCNT bundle respectively and a single PE chain which is close 

enough to absorb on the surface of SWCNT. The simulations 

were carried out at a temperature of 300 K under the control 

of Nose-Hoover thermostat. This temperature was much 

higher than the glass transition temperature (Tg) and would 

allow the conformation adjustment of PE chain on the 

SWCNT’s surface. A time step of 1 fs and totally 5000 ps for the 

whole simulation process was used. The system could reach 

equilibrium after the entire simulation procedure.  

In the second part, similar to the simulation in the first part, 

Nose-Hoover thermostat was employed to keep the 

temperature of the system constant. For the three systems 

that contained one PE chain, the simulation temperature was 

set to 300 K, below the melting temperature. These simulation 

procedures were corresponding to the interfacial 

crystallization process in solution. For the rest six systems that 

contained more PE chains, the simulations were performed at 

a relatively high temperature (700 K) for 200 ps to imitate the 

melting process. Longer simulations at 300 K would be carried 

out afterwards.   

3. Results and discussion 

3.1 Influence of SWCNT’s topography structure 

The conformation changes of PE chain on the surface of 

SWCNT are depicted in Figure 2. From this entire process, it is 

found that the interfacial crystallization behavior of PE can be 

divided to two stages, absorption and conformation 

adjustment. In the first stage, driven by the van der Waals 

interactions, the PE molecule will absorb and cover on the 

surface of SWCNT in a very short time (less than 100 ps). At 

this stage, the arrangement of PE segments is almost totally 

disordered. Then the conformation adjustment begins. The 

segments will realign on the surface of SWCNT trying to match 

the pattern of SWCNT and form a folded-chain crystal like 

 
Fig. 2 MD snapshots of PE interacting with SWCNT at different 

time. 

 

structure eventually (a visualized arrangement of the PE chain 

are shown in Figure 3). This is a time-consuming process and 

the final folded chain structure of PE chain still keeps sliding on 

the smooth surface of SWCNT and cannot stabilize at a certain 

position. At the same time, the orientation of folded chain 

structure is not completely along the direction of SWCNT. In 

Figure 3, a small angle between Z-axis and the direction of 

extended PE segments can be observed directly. This 

mismatch of orientation is apparently against the formation of 

interfacial crystallization in large-scale.    

Next, the absorbing and ordering behavior of single PE chain 

on SWCNT bundle was investigated. In the fabrication of CNTs 

composites, the CNTs usually exist as ropes or bundles owing 

to the π-π interactions between each other. Therefore, groove 

structures will be formed between CNTs. In reality, a CNT 

bundle may contain several CNTs while in our simulation 

model, the CNT bundle was simplified as three SWCNT aligned 

in parallel. The reason of this simplification can be 

demonstrated as follow. The emphasis of our simulation is on 

exploring the influence of groove structures on PE 

crystallization, one groove is enough for a PE molecule to 

occupy and orient. Raising the number of SWCNTs to construct 

more grooves will not bring further results for single PE chain 

simulation. The conformation evolution of PE chain on the 

surface of SWCNT bundle was shown in Figure 4. Similar to the 

simulation in PE-SWCNT system, the PE chain absorb on the 

SWCNT bundle very shortly. The PE chain directly slides into 

the groove between two SWCNTs and stays there for the rest 

of simulation procedure. By comparing the conformations of 

PE at different time after 100 ps, it can be find that the 

conformations almost remain unchanged after the PE chain 

falls into the groove. This means that the groove structure is 

beneficial to the stabilization of PE and will greatly reduce the 

time of conformation adjustment. The time evolution of 

energy for PE-SWCNT and PE-SWCNT bundle is depicted in 

 

 
Fig. 3 2D profiles for the arrangement of carbon atom in PE 

chain. The L axis corresponds to the nanotubes long axis. 

 

 

Fig. 4 MD snapshots of PE interacting with SWCNT bundle at 

different time. 
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Fig. 5 Time evolution of energy for (A) PE/SWCNT and (B) 
PE/SWCNT bundle. 

 

Figure 5. It takes less time for PE-SWCNT bundle to reach the 

equilibrium. To explore the origin of this difference, the 

interaction energy between PE and SWCNT/SWCNT bundle 

was calculated respectively using the following equation: 

inter total polymer SWCNT= - -E E E E   

In this equation, Einter is the interaction energy between 

polymer molecule and the SWCNT, Etotal is the total energy of 

the composite, Epolymer is the energy of individual polymer 

molecules and ESWCNT is the energy of individual SWCNT or 

SWCNT bundle. 22-24  

The interaction energy between PE and single SWCNT is -296.8 

kcal/mol, while the interaction energy between PE and SWCNT 

bundle is -503.5 kcal/mol. According to the energy 

minimization principle, PE chain will prefer to stay in the 

groove rather than other position on the surface of SWCNT. 

The great difference of interaction energy between the two 

systems can be explained by Figure 6. It is known that the PE 

chain interacts with the SWCNT mostly via CH-π interactions.37 

In Figure 6, a segment in PE chain is displayed as an example, 

on the surface of single SWCNT, only two hydrogen atoms of a 

segment are close enough to form CH-π interactions with the 

SWCNT. However, in the groove between two SWCNTs, the 

hydrogen atoms in PE will have more chances to form CH-π 

interactions with the SWCNT of both sides thus lead to 

enhancement of interfacial interaction.   

Other than shortening the time of conformation adjustment, 

the groove structure formed by SWCNT bundles can also  

 
Fig. 6 Schematic representation of PE segment interacting with 
(A) SWCNT and (B) SWCNT bundle. 

 

induce the PE chain to align along the direction of SWCNT axis. 

In the final snapshot of Figure 4, the PE chain expands in the 

groove and is basically parallel to the SWCNTs. The orientation 

of this early arrived PE chain can then lead to a regular 

arrangement of other chains. Further evidence is shown in 

Figure 7. This structure was obtained through the following 

way: The PE chains were introduced into the systems one by 

one, each time when a PE chain was introduced, a 1000 ps MD 

simulation procedure would be carried out under the same 

condition with single PE chain simulation. It is obvious that all 

the PE chains have significant orientation arrangement along 

the axis of SWCNT bundle, even those chains that were not 

close to the groove. Taking advantage of this uniform 

orientation of first arrived PE chains, the formation of 

interfacial crystallization will be achieved much easier.    
There is also a fact that cannot be ignored in our simulation 
results. The PE chains on the surface of SWCNT bundles 
arrange as extended chain and barely fold. While in actual 
fabrication of NHSK, there was no apparent increase of the PE 
lamellae thickness when using SWCNT bundles instead of 
separate SWCNTs. A reasonable explanation is that, the results 
in the simulation only reflect the behavior of PE chains closest 
to the surface of SWCNT, which cannot be observed visually in 
experiment. Considering that most PE chains in lamellae are 
too far away from the SWCNT and the interactions between 
them are negligible. The entire crystallization process can be 
summarized as this. First, the PE chains wrap the SWCNT 
gradually and a monolayer of polymer is formed. Then the thin 
expanded PE layer on the surface of SWCNT just acts as nuclei 
to induce the homogeneous crystal growth of the outer PE 
chains. As a consequence, chain-folded lamellae structure will 
be formed rather than extended chain crystal. Further 
investigation will be carried out to confirm this. These  
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Fig. 7 More PE chains interacting with SWCNT bundle. 

 

simulation results are consistent with the two-dimensional 

nucleation model in the formation of NHSK at early stage and 

can be considered as one more piece of evidence for this 

theory. 

To further investigate the effect of groove in interfacial 

crystallization, different grooves were constructed in the 

following two ways: varying the distance between the SWCNTs 

and altering the composition of SWCNT bundle. MD 

simulations were carried out using the same method 

demonstrated previously and the interaction energy between 

PE and SWCNT bundles were calculated respectively. The 

relationship between the separation distance and the 

interaction energy are shown in Figure 8. It can be found that 

when the separation distance is smaller than 7 Å, the 

interaction energy between PE and SWCNT bundles will 

remain about the same. This indicates that the orientation of 

the PE chain can be induced by the bundles efficiently. When 

the separation distance between SWCNTs becomes 8 Å, the 

strongest interfacial interaction energy will be observed. With 

further increase of the separation distance, the interaction 

energy decreases rapidly and finally approaches the value of 

single SWCNT/PE interaction. This can be explained by the 

three schemes in Figure 8. With separation distance smaller 

than 7 Å, the PE chain will fall into the groove to form more 

CH-π interactions with the SWCNT as demonstrated in 

previous section (Figure 6-B). When the separation distance is 

8 Å, the PE chain will exactly stay between the two SWCNTs 

and in this case, the most CH-π interactions will be formed and 

lead to the strongest interfacial interaction. With greater 

separation distance, the PE chain cannot have strong 

interactions with both of the SWCNTs and no favorable 

conformation along the SWCNT’s long axis can be achieved, 

thus the orientation induced by the groove is weak. As a 

consequence, only tight SWCNT bundles can have a significant 

contribution to the stabilization and orientation of PE chain. 

Next, three kinds of SWCNT bundles formed by different tubes 

were created as demonstrated before. The final conformations 

of the three structures are shown in Figure 9. In all three 

systems, the PE chains are aligned along the groove without 

 
Fig. 8 Evolution of interfacial interaction energy with the 
change of separation distance between SWCNTs 

 

 

 

Fig. 9 Final conformations of single PE chain interacting with 
different SWCNT bundle, (A) (20,20)/(20,20), (B) (20,20)/(8,8) 
and (C) (11,0)/(6,6). 

 

exception. The interaction energy obtained is -586.0 kcal/mol, 

-579.7 kJ/mol and -560.3 kJ/mol respectively, suggesting a 

strong interfacial adhesion for all the three structures. This 

means that bundles formed by SWCNTs with different 

diameters and chirality can all lead to a regular alignment of 

the PE chain.  

3.2 Influence of processing method and pre-orientation 

Models that contained one PE chain and one SWCNT were 

constructed to reflect the crystallization behaviors in solution. 

This is because in solution, the concentration of polymer 

molecules is very low. At the early stage of interfacial 

crystallization, the behavior of a polymer chain can be 

considered to be independent. Thus the interaction between 

polymer chains and SWCNT can be simplified. The initial and 

final conformations of the three models are shown in Figure 

10. Folded chain structures can be observed in all three 

models, and these final folded chain structures do not show 

anything particular in the orientation of chains. This means 

that the ordering arrangement of PE chain on the surface of 

SWCNT is inherent. Whatever the initial condition of 

orientation is, the PE chain will form a folded chain structure 

approximately along the direction of SWCNT’s long axis. This 

can be a good explanation for the mechanism of interfacial 

crystallization formed in solution. The spontaneous ordering of 

PE chain on the SWCNT’s surface will lead to the formation of 

interfacial crystallization. Pre-orientation is unnecessary thus 

no external field is needed in solution. Additionally, crosses 

between two segments of the polymer chain can be observed 

in the latter  
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Fig. 10 MD simulation snapshots of the initial conformations 
and final conformations for single PE chain interaction with 
different orientation angle, (A) 0°, (B) 45°, (C) 90°. 

 

 

Fig. 11 2D profiles for the PE chain interaction with different 
orientation angle, (A) 45°, (B) 90°. 

 

 

Fig. 12 MD simulation snapshots of the initial conformations 
and final conformations for 3 PE chains interaction with 
different orientation angle (A) 0°, (B) 45°, (C) 90°. 

 

two models. It is more intuitive in 2D-profile of the polymer 

chains (highlighted by the circles in Figure 11-A and B). It is 

found that these crosses, once formed, cannot be eliminated 

by the conformation adjustment. These crosses may lead to 

defects in the formation of interfacial crystallization. The initial 

and final structures of the three models that contain 3 PE 

chains, representing a transition between solution and melt, 

are shown in Figure 12. Compared with the results in single 

chain simulation part, it is obvious that the arrangement of PE 

segments is less regular. Detail information of the 

arrangement can be revealed by the 2D-profile shown in 

Figure 13. Folded chain structures can be observed in all three 

models (highlighted by purple ellipses) and these structures 

can be formed both by one chain (Figure 13-C) or several 

different chains (Figure 13-A and B). In Figure 13-A, most of 

the segments in PE chains are extended along the long axis of 

SWCNT and barely wrap around the SWCNT. While in Figure 

13-B and C, the PE chains wrap around the SWCNT to varying 

degrees. It shows a great difference from the results in single  

 

Fig. 13 2D profiles for the 3 PE chains interaction with different 
orientation angle, (A) 0°, (B) 45°, (C) 90°. 

 

chain simulations. This means that the initial orientation angle 

of PE chains will affect the formation of interfacial 

crystallization to a certain extent. It can be explained as 

following. Originally, at the absorption stage, the PE chains 

with a large initial angle have more chance to wrap around the 

SWCNT. In the following conformation adjustment stage, if the 

motion of segments is totally free, the wrapping part of PE 

chain can be eliminated gradually and a superior folded chain 

structure will be formed eventually. On the other hand, if 

there are more PE chains absorbed on the surface of SWCNT at 

the same time, the motion of segments will be hindered by 

other chains and the wrapping structures have to be 

maintained. Therefore, a pre-orientation of PE chains and 

SWCNT is favorable for the formation of interfacial 

crystallization. 

Finally, the early stage of interfacial crystallization in melt was 

investigated by adding more PE chains that could cover the 

SWCNT surface completely. As demonstrated in the part of 

Simulation Method, the simulations were initially performed at 

700 K (above the melting temperature) for 200 ps to imitate 

the melting process. Then the ordering behavior of PE chains 

was examined under a longer simulation time at 300 K. The 

conformations of the three models at different stage were 
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shown in figure 14. After the melting process, the PE chains in 

all three models distribute loosely around the SWCNT and 

form a thin layer. At this high simulation temperature, owing 

to the high mobility of polymer chains, the segments will keep 

moving and no regular structures will be formed. By comparing 

the three conformations after melting with different initial 

orientation angles, it can be found that the PE chains in Figure 

14-A are mainly extended along the long axis of SWCNT, 

showing a pre-orientation effect. While for the rest two 

models in which the PE chains were not arranged parallel to 

the SWCNT initially, the distribution of PE chains is almost 

entirely random. Meanwhile, the SWCNT is not covered 

completely and some part of the surface is bare. After the 

following crystallizing process, the cover of PE chains become 

tighter and the SWCNT are fully coated by the PE chains. The 

final conformation in Figure 14-A still shows an obvious 

difference from the latter two. Likewise, the 2D-profile of the 

three structures is drawn to analyze in detail (shown in figure 

15). In figure 15-A, most of the PE chains are approximately 

parallel and an extended chain-like structure can be observed. 

These uniformly arranged PE chains can act as nuclei to induce 

the homogeneous crystal growth of the outer PE chains. In 

Figure 15-B and C, although local folded chain-like structure 

can be observed, the orientation of these structures is 

variance. Therefore, it is impossible to form a large scale 

interfacial crystallization on this occasion. Cylindrical 

distribution functions of the hydrogen atoms and carbon 

atoms in PE chains are shown in Figure 16-A. It can be found 

that the peak of C atoms represented for the parallel model is 

higher than the rest, also implying a more regular distribution 

of polymer chains on the surface of SWCNT. To rationalize the 

mechanism of this distinction, bond-orientational order 

parameter A was calculated which is defined as follows: 
2

3

3cos 11

2 2

n

i

i

A
n

ψ

=

 −
=  −  

∑ ，  

where n is the number of CHx per PE chain, Ψi is the angle 

between the vector bi of the smallest segment and Z-axis. The 

value range of the order parameter is [-0.5, 1], indicating a 

different degree of orientation. The value of -0.5 and 1 

correspond to the chain perfectly perpendicular or parallel to 

the Z-axis respectively. A detail definition of parameter A can 

be inspired by the nematic liquid-crystal order parameter.38 

Figure 16-B shows evolution of order parameter as a function 

of time. In all three models, the values of A increase initially 

and tend to flatten at last. The final value of the parallel 

model, which is 0.65, is significantly higher than the 45° and 

90° models (0.38 and 0.31, respectively), indicating a better 

orientation effect. The gently change of order parameter 

suggests that once the SWCNT is entirely covered by PE chains, 

there will be little space for conformation adjustment of 

segments. Due to the restriction of the neighboring segments, 

the conformation adjustment can only occur in a small range. 

As a result, the pre-orientation of PE chains in melt 

crystallization is extremely important for the formation of 

large scale interfacial crystallization. In order to explore the 

interfacial enhancement caused by interfacial crystallization, 

the interaction energy between SWCNT and PE matrix is 
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Fig. 14 MD simulation snapshots of the initial conformations, melting conformations and final conformations for10 PE chains 
interaction with different orientation angle (A) 0°, (B) 45°, (C) 90°. 

 

 
Fig. 15 2D profiles for the 10 PE chains interaction with 
different orientation angle, (A) 0°, (B) 45°, (C) 90°. 

 
using equation (1). The value of interaction energy for the 

three different initial orientation angle is -2487.3 (0°), -2311.3 

(45°) and -2274.7 (90°) kcal/mol respectively. It implies that 

interfacial crystallization will improve the interfacial adhesion 

between the PE matrix and SWCNT. This is because a more 

regular arrangement of PE chains leads to a narrow 

distribution of hydrogen atoms. As shown in Figure 16-A, there 

are more hydrogen atoms in parallel model that are close to 

the surface of SWCNT. Hence more CH-π interactions can be 

formed and enhance the interfacial adhesion eventually.  

Conclusions 

In this work, MD simulations were employed to investigate the 

interfacial crystallization behavior of PE chains on the surface 

of SWCNT. The simulation results shows that, groove structure 

formed by tight SWCNTs bundle is beneficial to the orientation 

of PE chain due to the stronger interfacial interaction between 

PE and SWCNT in the groove. The combinations of the bundles 

have no effect on the orientation. In addition, in solution 

crystallization, the ordering arrangement of PE chain on the 

surface of SWCNT is initiative thus the pre-orientation of the 

PE chain is not necessary. While in melt crystallization, when 

the SWCNT is fully covered by PE chains, the conformation 

adjustment is insufficient and only if a pre-orientation of the 

PE chains along the direction of SWCNT’s long axis are 

introduced, a regular interfacial crystallization structure can be 

obtained. Meanwhile, the formation of interfacial  

 

 
Fig. 16 (A) Cylindrical distribution functions of the hydrogen 
atoms and carbon atoms in PE chains, and (B) time evolution 
of the order parameter A of 10 PE chains on the SWCNT. 

 

crystallization will lead to enhancement of the interfacial 
adhesion. In future, we will try to construct models with 
randomly distributed PE chains around the SWCNT and 
introduce some shear stress for further study. 
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The interfacial crystallization of polyethylene can be greatly affected by the SWCNT’s surface topography and 

pre-orientation of polyethylene chains 

Page 10 of 10RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


