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Poly-ether-ether-ketone (PEEK) was deeply investigated as a composite matrix because of its

outstanding mechanical properties and thermostability. However, the performance improvement of

fiber-reinforced PEEK composites was moderate according to a great number of experimental

investigations. An insightful understanding of the deformation and interfacial failure in the PEEK

composite is needed to guide the future fabrication of high-performance PEEK plastics. In this paper,

Molecular Dynamics (MD) simulation was employed to evaluate the mechanical properties of carbon

nanotube (CNT) reinforced PEEK nanocomposites. It was found that the weak interface between CNTs

and the PEEK matrix leads to the flaws in the CNT/PEEK nanocomposite. A CNT-functionalization

strategy was used to introduce H-bonds between CNTs and the PEEK matrix, improving the overall

mechanical performance of the CNT/PEEK nanocomposite. Numerical examples validate that the

addition of amino groups on CNTs can significantly improve the interfacial failure shear stress and

elastic modulus of the CNT/PEEK nanocomposites. This mechanism study provides evidence and

a theoretical basis to improve the mechanical performance of fiber-reinforced PEEK for lightweight

structures in advanced equipment.

1. Introduction

For the lightweight design of advanced equipment, poly-ether-

ether-ketone (PEEK) is one of the most promising engineering

plastics to replace the metallic components because of its

outstanding mechanical performances and thermostability, as

well as ideal chemical resistance.1–5 At the micro and macro

scale, employing PEEK as the matrix material, researchers ob-

tained many outstanding ber-reinforced composites for

applications of structural components, such as short-ber-

reinforced,6–8 continuous-ber-reinforced9 and woven-fabric-

reinforced10 composites. At the nanoscale, many nano-

additions were employed to improve the mechanical perfor-

mance of PEEK composites, such as carbon-materials2,11 and

oxide-nanoparticles.12 Among these nano-additions, CNTs have

a Young's modulus around 1 TPa and a tensile strength above

100 GPa,13–16 making them a promising candidate for the rein-

forcement in PEEK nanocomposites,17,18 especially for high-

performance materials in advanced equipment.

Despite the advantages of thermoplastic composites, the

manufacturing technique for thermoplastic composites is still

immature for vast applications in engineering elds such as

thermoset plastics, therefore calling for an extensive investi-

gation on the mechanical behaviors of thermoplastic

composites. Both numerical simulations and experimental

characterizations were conducted on the property evaluation

of thermoset composites19 and thermoplastic composites,20

and it can be found that the mechanical properties of ther-

moplastic composites are not as good as thermoset compos-

ites, and the underlying mechanisms are still cryptic.

According to experimental characterizations, Barber et al.21

reported that the average value of interfacial shear strength

(IFSS) in CNT/epoxy is 30 � 7 MPa, which is larger than the

IFSS of 3–14 MPa for CNT/PEEK composites by Tsuda et al.,22

providing one reason for the limited performance-

improvement by CNT-reinforcements in thermoplastic

composites. In the recent decade, a great number of experi-

mental and numerical studies on the mechanical properties of

thermoset nanocomposites were carried out, however, limited

studies on thermoplastic nanocomposites can be found

regarding the microscale failure mechanisms. Literature of

PEEK-based thermoplastic nanocomposites were mostly about

experimental studies, which cannot directly provide enough

details of the fracture behaviors and failure characteristics in

CNT/PEEK composites. Therefore, it's necessary to understand

the nanoscale failure process of CNT/PEEK composite in
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toughening the nanocomposites of PEEK, as well as short-

ening the material design cycle by material modeling

techniques.

Molecular Dynamics (MD) is an important method to connect

the molecular behaviors, the microscopic fracture mechanisms

and the macroscopic behaviors of materials. It has been widely

used in the elds of chemistry, biomedicine, materials science

and engineering, physics, etc.23–25 Recently, researchers have

presented a series of works on MD simulation to predict the

mechanical properties of nanocomposites.26 There were some

researches on the prediction of the Young's modulus of uniaxial

CNT nanocomposites, including polyethylene (PE)-based

matrix,27 polyethylene-oxide (PEO)-based matrix.28 Due to the

difficulty in fabricating continuous CNT reinforced nano-

composites (a few hundred micrometers at the most29), the

mechanical properties of short and random CNT reinforced

nanocomposites were mostly evaluated by MD simulation, such

as CNT/PE system,30 CNT/poly(methyl methacrylate) (PMMA)

system,31 carbon nanober (CNF)/polypropylene (PP) system.32

Meanwhile, the impacts of temperature, functionalization, CNT

content, strain rate on the elastic modulus of nanocomposites

were discussed. However, limited studies can be found with

detailed mechanical properties and microscopic failure mecha-

nisms of CNT/PEEK nanocomposites.

For the IFSS evaluation, Guru et al.33 presented the effects of

temperature and functionalization with different functional

groups and their distribution on the interfacial properties of the

CNT/epoxy nanocomposites. It was concluded that functionali-

zation of CNTs increased the IFSS between CNTs and epoxy

compared to the pristine CNT composites. Sharma et al. reported

the effect of a number of E-NH2 groups on the mechanical

properties.34 MD simulation proved that the IFSS of composites

signicantly depends on the degree of functionalization of CNTs.

Haghighatpanah et al. used the pull-out simulation to calculate

the IFSS and bonding energy of CNT/PE nanocomposites.30 MD

simulations showed that the aspect ratio and volume fraction of

the CNT can change Young's modulus of aligned CNT/PE

composites. Chawla et al. investigated the mechanical proper-

ties of CNT/PE during CNT pull-out from PE matrix using MD

simulation.35 Their results suggested that the longitudinal

Young's modulus of the nanocomposite decreases during the

CNT pull-out from the PE matrix. However, the studies about the

characterization of interfacial properties of CNT/PEEK nano-

composites has not been reported yet. Therefore, MD-based

material modeling needs to be explored with detailed failure

mechanism at themolecular level and property-evaluation for the

toughening of PEEK-based nanocomposites.

In the present study, we attempted to investigate defor-

mation behavior and failure mechanism of CNT/PEEK nano-

composites at molecular level and predict the elastic modulus

and interfacial properties by MD simulation. The effects of the

strain rate and the content of CNT on the elastic modulus of

nanocomposites were studied. In addition, the interfacial

properties between CNT and PEEK matrix were obtained by

MD non-equilibrium simulation and the effects of function-

alization of CNT on the interfacial properties and elastic

modulus also were presented.

2. Methods

Molecular Dynamics (MD) simulation was employed to calcu-

late both the mechanical property and interfacial property of

CNT/PEEK nanocomposites. The initial computational model

was made up of both CNT and PEEK molecule chains on the

platform of Material Studio 7.0 (Accelrys, U.S.). In the repre-

sentative volume element (RVE), the matrix of nanocomposites

consisted of 10 chains of PEEK with 60 repeat units of PEEK in

each chain, making amolecular weight of 17 000. (5,5) armchair

CNT with 240 carbon atoms was selected as reinforcement of

PEEK polymer. The diameter and length of CNT were 6.78 Å and

29.51 Å, respectively. The CNTs were randomly located in the

RVE. The sizes of the computational cell were 72 Å � 72 Å � 72

Å and three-dimensional periodic boundary condition was set

(Fig. 1).

A complete MD simulation procedure includes the initial

congurations establishment, energy minimization, equilibrium

simulation the dynamic simulation and results analysis.36 GRO-

MACS37 was used to perform all the molecular simulations, as

well as the tensile deformation and ber pull-out simulation.

GROMOS 54A7 (ref. 38) force eld was used to describe the

atomic interactions in the CNT/PEEK nanocomposite.

Comparing to other popularMD simulation packages, GROMACS

has the advantage in computational efficiency for large-scale

systems, and can also handle complex polymer systems. The

force eld parameters of PEEK monomers were developed on the

platform of Automated force eld Topology Builder (ATB),39 and

the parameters for CNT model was obtained from literature.31

Fig. 1 Computational models of (a) a PEEK chain, (b) a CNT and (c) the

composite RVE.
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2.1 MD simulation of CNT/PEEK system

In order to avoid the failure of equilibrium simulation because of

the inappropriate initial conguration of themolecular structure,

a total energy minimization step was performed to obtain the

optimized congurations. This optimization step was done using

the steepest descent algorithm with a tolerance of 10 kJ mol�1

nm�1. Aer geometry optimization, the structure was later

equilibrated in the NVT ensemble (1 ns, 300 K).40 Annealing

simulations were done in the NVT ensemble. Aer NVT equili-

bration, the pressure of the system was stabilized by NPT equil-

ibration41 for another 1 ns. Aer sequential NVT and NPT

equilibration, non-equilibriumMD simulation was taken for 2 ns

with a constant uniaxial deformation or ber displacement to

simulate the tensile and ber pull-out situation.

2.2 MD simulation of CNT pull-out

In order to study the interfacial properties between CNT and

PEEK, simulation of CNT pull-out from the PEEK matrix was

carried out. A nanocomposites RVE that consists of 6 PEEK

chains (60 repeat units) and a (5,5) armchair CNT with the

length of 49.2 Å and diameter 6.78 Å was developed as shown in

Fig. 2(a). The direction of CNT was dened along the X-axis. The

CNT was placed in the center of the cell. The energy minimi-

zation, NVT equilibration, and NPT equilibration were per-

formed as abovementioned. The equilibrated CNT/PEEK

conguration has been shown in Fig. 2(a) and the density of

CNT/PEEK nanocomposites was 1.2 g cm�3.

In order to pull out the CNT from the PEEK matrix, the

periodic boundary condition along the X-axial direction of CNT

was removed. Another procedure of sequential energy minimi-

zation, NVT equilibration, and NPT equilibration was re-

performed in turn to obtain a steady and reasonable initial

molecular structure. The equilibrated CNT/PEEK conguration

has been shown in Fig. 2(b). To improve computational effi-

ciency, the position of the PEEKmatrix was restrained. The CNT

was pulled out stepwise from PEEK matrix with a displacement

increment of 5 Å along x-axial direction.

In this paper, the IFSS was used to characterize the interfa-

cial properties of CNT/PEEK nanocomposites. The IFSS was

determined by the interactional energy between CNT and PEEK

included van der Waals and electrostatic forces. The interaction

energy of CNT/PEEK was extracted from the output of the pull-

out simulation. The interaction energy was dened as follows:

DE ¼ Esystem � (ECNT + EPEEK) (1)

where Esystem is the total potential energy of the system, ECNT is

the potential energy of CNTs without the PEEK, EPEEK is the

potential energy of the PEEK without the CNTs. The interaction

energy can also be characterized as a function of the pullout

energy, which is equal to work done by the interfacial shear

stress. The method of IFSS calculation can be found in

literature:34,42

DE ¼

ðl

0

pDðl � xÞsdx ¼
1

2
pDl2s (2)

where, D and l are the diameter and the length of CNT,

respectively, s is the interfacial shear stress and x is the pull-out

displacement of CNT. Combining eqn (1) and (2), the interfacial

shear stress can be obtained as:

s ¼
2DE

pDl2
(3)

3. Reinforcement of PEEK by pristine
CNTs

Non-equilibrium MD method was used to evaluate the

mechanical properties of CNT/PEEK nanocomposites, consid-

ering the effects of strain rate, CNT content, and interface

between CNT and PEEK matrix. The density of the simulation

system is 1.22 g cm�3, which agrees with the experimental

characterization (1.263 g cm�3) in literature.43 To obtain the

elastic modulus of CNT/PEEK nanocomposite, the system was

stretched to a total 20% engineering strain along the x, y and z-

direction, respectively. The stress was calculated by the “GRO-

MACS Local Stress 2016” package44 based on the output of

direct MD simulation. The internal stress tensor was calculated

using the following virial stress expression:

s ¼ �
1

V0

" 

X

N

i¼1

miviv
T
i

!

þ

 

X

i\j

rijf
T
ij

!#

(4)

where V0 is the volume of the system model, N is the total

number of atoms in the system, i and j denotes the atom serial

number,mi is the mass of atom i, vi is the velocity vector of atom

i, rij is the distance between atom i and atom j and fij is the force

acted on atom i by atom j. Then, the stress–strain curve was

obtained based on the relation between the average stress and

strain during tensile simulation. The elastic modulus was

calculated as the slope of the initial linear segment of the

stress–strain curve. Due to the random orientation of CNTs, the

nanocomposite is assumed to be isotropic. Therefore, the

elastic modulus was averaged in three directions. The entire

and initial linear segment stress–strain curve along the x-axis

for the pure PEEK was provided in Fig. 3(a), which corresponded

to results in the literature.5 The bilinear constitutive model was

used to t the stress–strain curve for pure PEEK and the slope

was tted based on the rst portion of the strain range (0–0.03)

that is believed to be the elastic modulus of pure PEEK.

Fig. 2 The pull-out configuration after equilibration simulation: (a) 3D

periodicity, and (b) 2D periodicity.
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The effect of strain rate on the elastic modulus of the

nanocomposite was investigated in this section. The lower

strain rate was needed to ensure loading stability. However,

the lower strain rate will result in unaffordable computation

time. It is critical to balance calculation time and computa-

tional accuracy. A reasonable strain rate value should consider

both calculation accuracy and efficiency. The variation of

elastic modulus prediction and computation time with

different strain rate is shown in the Fig. 3(c). It can be found

that, when the strain rate less than 1 � 108 per s, the value of

elastic modulus converges, and the computation time

increased greatly. Therefore, the strain rate of 1 � 108 per s is

selected as the loading condition for all MD simulation in this

paper.

In order to evaluate the elastic modulus and strength of

uniaxial CNT/PEEK nanocomposite, the Morse potential was

applied in the modeling process to describe the breaking of

covalent bond breaking the material. 3D periodicity model in

Fig. 4(a) was used to calculate the elastic modulus and strength

of uniaxial CNT/PEEK nanocomposite. Fig. 4(a) shows the

failure conguration of the nanocomposite, and Fig. 4(b) shows

a typical stress–strain curve of uniaxial CNT/PEEK

nanocomposite along the axial direction of CNT from MD

simulation. The elastic modulus was obtained by tting the

slope of the stress–strain curve in strain range (0–0.05). The

Fig. 4 (a) The failure configuration and (b) the stress–strain curve of uniaxial CNT/PEEK nanocomposites.

Fig. 3 (a) The entire stress–strain curve of pure PEEK, (b) initial linear segment stress–strain curve, and (c) variation of elastic modulus and

computation time with strain rate.

Fig. 5 Effect of CNT content on the elastic modulus of CNT/PEEK

nanocomposites.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 12836–12845 | 12839
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tensile strength was determined by the maximum stress of the

stress–strain curve. The elastic modulus and tensile strength of

nanocomposite were predicted to be 24.5 GPa and 2.47 GPa,

respectively, which agrees with previous studies,45 also vali-

dating the reliability of our MD model in the prediction of

mechanical properties of CNT/PEEK nanocomposite.

However, in actual cases, the CNTs were embedded into the

polymer as particulate llers, with the largest size of several

hundred micrometers. The uniaxial continuous CNT rein-

forcement technique for the fabrication of PEEK-based

composites is not as mature as short CNT nanocomposites

due to manufacturing limits.29 Therefore, we focus on the

mechanical characterization of short and random CNT rein-

forcements in PEEK in this paper.

The effect of CNT content on the elastic modulus of CNT/

PEEK nanocomposites was investigated at rst and the results

are provided in Fig. 5. The average elastic modulus of the pure

PEEK was predicted to be 4.04 GPa, which agrees with the

experimental results (4 GPa) measured by Deng et al.2 When

1 wt% CNT was embedded into the PEEKmatrix, a 10% increase

in the elastic modulus can be observed Fig. 5. Due to the high

modulus of CNT and the coupling interaction between CNT and

PEEK, the elastic modulus of nanocomposites was improved

signicantly by a small number of CNTs comparing to pure

PEEK, which also was reported by Zhang et al.46 However, when

the CNT content exceeded a certain value, the elastic modulus

would not approach the elastic modulus of pristine CNT, which

was also reported by experimental characterizations.47,48

Fig. 6 The molecular configuration of (a) the pristine CNT/PEEK, (b) the functionalized CNT/PEEK nanocomposites by aminos and (c) the CNT

functionalized by DDMs.
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In order to explain the reason why mechanical properties of

CNT/PEEK composite cannot linearly increase with the content

of CNT, the failure conformation of short-ber CNT/PEEK

composites with 3 wt% CNT was extracted and shown in

Fig. 5. Destruction regions in the nanocomposites can be

observed near the interface between CNT and PEEK, which

means that, in the process of uniaxial deformation simulation,

micro-cracks near the interface were incubated and continu-

ously grows into the PEEK matrix until the nanocomposite was

completely destroyed. As the CNT content increased, the chance

of introducing micro-cracks is higher, which knocks down the

mechanical performance of the nanocomposites. Therefore, the

interfacial strength of CNT–PEEK is signicant to modulating

the mechanical performance of CNT/PEEK nanocomposite,

which will be discussed in the following sections.

4. Modulating the interface between
CNT and PEEK

The atoms of CNT are in the neutral state, leading to an ultra-

weak van der Waals forces between CNT and PEEK. Therefore,

functional groups were graed onto a carbon nanotube in the

MD model to investigate the effects of functional groups on the

interfacial properties, as well as the overall mechanical behav-

iors of CNT/PEEK nanocomposites.

A few strategies of functionalization on CNT were developed

to improve the interfacial properties of nanocomposites, such

as carboxylic groups (–COOH),20 amino groups (–NH2),
34 alkyl

groups (–C6H11),
20 phenyl groups (–C6H5).

33 These functional

groups can increase the surface roughness of CNT and the

interaction forces with PEEK matrix, therefore, improving the

Fig. 7 The snapshots of the atomic configuration of nanocomposite during pull-out of (a) pristine CNT, (b) NH2-CNT and (c) DDM-CNT.

Fig. 8 Comparisons of (a) the interaction energy and (b) IFSS between pristine CNT and functionalized CNT.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 12836–12845 | 12841
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IFSS in the CNT/PEEK composites. In this paper, we attempted

to build multiple H-bond between the functional groups and

PEEK matrix to achieve the interfacial toughening. The ketones

in PEEK can perform as the acceptor of H-bond, and molecular

groups need to be added to the CNT as the donator in an H-

bond. Our attempt is to use amide groups to functionalize the

CNT and form H-bond between the CNT and PEEK, which

would further improve the IFSS in the nanocomposites. The

CNT pull-out simulation was conducted to evaluate the inter-

facial properties of the CNT/PEEK nanocomposites and the

pull-out energy was used to calculate the IFSS. The effects of

functionalization strategy on IFSS are discussed in this part.

Three models were developed to validate the effect of func-

tionalization on the IFSS of nanocomposites, including pristine

CNT/PEEK, direct amino functionalized CNT/PEEK and 4,4-

diaminodiphenyl methane (DDM)49 functionalized CNT/PEEK.

Fig. 6 shown the schematic of the three models: (a) pristine

CNT, (b) 8 aminos-modied CNT, and (c) 4 DDMs modied

randomly on the outside surface CNT. In the last two models,

the amino number per unit length of CNT is the same to make

a fair comparison. A whole process of energy minimization,

equilibration, and MD simulation was identically performed on

each model until the pull-out simulation of different CNT/PEEK

nanocomposites.

The snapshots of the atomic conguration of nano-

composite during the pull-out process of pristine CNT, NH2-

CNT and DDM-CNT are shown in Fig. 7(a), (b) and (c), respec-

tively. The interaction energy between CNT and PEEK during

the pull-out process at 300 K is shown in Fig. 8(a). As the CNT

was pulled out constantly, the interaction energy between CNT

and PEEK decrease approximately linearly. When the CNT was

pulled out completely, the interaction energy decreases to zero.

Similar results were reported the CNT/epoxy system by Guru

et al.33 and Yang et al.,50 providing validation for the simulation

Fig. 9 Schematics of the interaction between CNT and PEEK for (a) the pristine CNT/PEEK nanocomposites, (b) the NH2-CNT/PEEK nano-

composites, and (c) the DDM-CNT/PEEK nanocomposites.
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performed in this paper. However, before the CNT was pulled

out 2 nm, the interaction energy between DDM-CNT and PEEK

decrease signicantly. Aer the DDM-CNT was pulled out 2 nm,

the interaction energy between DDM-CNT and PEEK decrease

approximately linearly, which was similar with CNT and NH2-

CNT.

Comparisons of IFSS between functionalized CNT and pris-

tine CNT nanocomposites room temperature were shown in

Fig. 8(b). The value of IFSS in the amino-functionalized CNT/

PEEK (NH2-CNT/PEEK) nanocomposite was 114 MPa at room

temperature, which was 42.5% higher than that of pristine CNT/

PEEK nanocomposites. The value of IFSS of the DDMs func-

tionalized CNT/PEEK (DDM-CNT/PEEK) nanocomposites was

529 MPa, which is signicantly larger than the pristine CNT/

PEEK nanocomposites and NH2-CNT/PEEK nanocomposites,

indicating that the interfacial properties of CNT/PEEK nano-

composites can be improved signicantly by using aminos and

DDMs to functionalize the CNTs, similar results have been re-

ported for CNT/PE system.20 The sidechain of DDM-modied

nanotubes is much longer than the –NH2-modied nano-

tubes, which results in higher VDW interaction between the

functional groups and PEEK matrix as well as H-bond interac-

tion. Therefore, the IFSS of DDM-modied nanotubes was

signicantly improved comparing to the other two types of

nanotube reinforcements.

5. Alternating the mechanical
property of CNT/PEEK nanocomposite

During the CNT pull-out simulation, the interfacial interaction

forces of the pristine CNT nanocomposites only included van

der Waals forces between the CNT and PEEK, as shown in

Fig. 9(a). The interfacial interaction forces of the functionalized

CNT nanocomposites included: (I) van der Waals forces

between the CNT and PEEK, (II) van der Waals forces and the

week electrostatic force between the functional groups and

PEEK, and (III) the H-bond interaction between amino groups

and the ketones of PEEK, as shown in Fig. 9(b) and (c). The

DDMs group had much longer chain length and more atoms

than the amino only chain, which increased the contact area

between functionalized CNT and PEEK chains, and led to much

stronger interfacial force, therefore, a higher IFSS. Because the

DDMs group were inserted in the PEEK, the CNT was pulled out

from the PEEK matrix together with the DDMs group. There-

fore, multilevel embedding microstructure needed to be

destroyed during the pull-out process, which increased the IFSS

as shown in Fig. 9(c). In addition, the interfacial interaction of

the NH2-CNT/PEEK and DDM-CNT/PEEK nanocomposites also

include H-bonds interaction, which further toughens the

interface. As the pull-out distance of CNT increased, the

number of H-bonds uctuate constantly. It was indicated that

the H-bonds were broken and formed during the pull-out

process and acceptors of H-bonds were exchanged incessantly,

which increased the pull-out energy.

Functionalization of CNT had been experimentally veried to

enhance the mechanical performances of the few types of

nanocomposites,51 herein, the effect of amino groups on the

elastic modulus of CNT/PEEK nanocomposites will be discussed.

The DDM-functionalization and amino-only functionalization of

CNTs has shown higher interfacial strength than pristine CNTs

(Fig. 8). Therefore, both of the DDM-functionalization and

amino-only-functionalization strategy are adopted to validate the

impact of amino groups on the mechanical performance of CNT/

PEEK nanocomposite in this section.

Each molecular model CNT in Section 4 was functionalized

with 8 amino groups, which is kept the same in the evaluation

models of elastic modulus in this section. The elastic modulus

of CNT/PEEK, NH2-CNT/PEEK and DDM-CNT/PEEK nano-

composites with different CNT content is calculated with the

same procedure as above-mentioned and the results are

provided in Fig. 10(a). It can be found that, by the amino-

modication and DDM-modication, the enhancement of

elastic modulus by CNTs increases from 15% (pristine CNT) to

27.5% (NH2-CNT and DDM-CNT), which agrees with our

Fig. 10 (a) Comparison of the elastic modulus of nanocomposites with CNT, NH2-CNT and DDM-CNT, and (b) the failure conformation of pure

PEEK, CNT/PEEK, NH2-CNT/PEEK and DDM-CNT/PEEK nanocomposites with 3 wt% CNT.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 12836–12845 | 12843
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prediction of mechanical enhancement by the amino modi-

cation. The failure region of pristine CNT/PEEK nano-

composites is mostly located near the interface between CNT-

reinforcements and PEEK matrix (Fig. 10(b)). However, for

NH2-CNT and DDM-CNT modied composite the failure

surface leaves the CNT–PEEK interface, and is located evenly in

the PEEK matrix (Fig. 10(b)). While the pristine CNTs were

inserted into the PEEK matrix, the weak interface between CNT

and PEEK induces micro-cracks in the nanocomposite. By the

amino-modication and DDM-modication, these weakened

material points in the nanocomposites are strengthened by

applying molecular bonding of H-bonds, which, therefore,

improved the mechanical performance of the whole material.

6. Conclusion

In the present study, with the target of engineering the

mechanical performance of CNT/PEEK nanocomposite for

structural applications, molecular dynamics (MD) method is

employed to predict the mechanical behaviors of CNT/PEEK

nanocomposites and study the corresponding failure mecha-

nism. The effects of strain rate, CNT content on the elastic

modulus of composites are discussed at rst. Aer congura-

tional analysis, the interfacial failure between CNT and PEEK is

identied as the reason for limited performance-enhancement

while more than 5 wt% CNT is added to PEEK. Amino modi-

cation strategy is brought to the design of CNT/PEEK nano-

composite, to improve the interfacial strength, which,

therefore, improves the overall mechanical performance of CNT

PEEK nanocomposite. MD simulation validated that the addi-

tion of amino groups signicantly improved the IFSS in CNT/

PEEK nanocomposite, as well as the elastic modulus.

To sumup, by the addition of amino groups in the fabrication of

CNT/PEEK nanocomposite, the potential of mechanical enhance-

ment of PEEK by CNT reinforcement can be signicantly improved.

Future ultra-ne molecular design of the CNT processing and

molecular chainmodication of PEEK (such as graing side chains

and copolymer design) can provide more options in the engi-

neering of mechanical properties of CNT/PEEK nanocomposites

for their application as lightweight structural components.
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