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Abstract

In this paper, face-turning trials were performed on an epoxy nanocomposite resin

reinforced by multiwalled carbon nanotubes using monocrystalline diamond tools

with different rake angles (neutral and highly negative). Different cutting conditions

were tested to investigate the influence on the surface integrity in epoxy polymer

(RTM6) sample impregnated with different concentrations of carbon nanotubes.

The comparison was accomplished by evaluating the surface topography as well as

by analyzing SEM photomicrographs of the chips removed in order to investigate if

the material removal mechanism was different from a pure epoxy sample and those

impregnated with carbon nanotubes. The results revealed that feedmarks may or

may not be evident onto the surface depending on the cutting condition, carbon

nanotubes concentration and tool geometry.

1 Introduction

The demand for high strength-to-weight and modulus-to-weight ratios [ ] materials

have been attended by nanocomposites such as polymers reinforced with carbon

nanotubes (CNT). Results reporting the application of machining operations to

nanocomposites of CNT are mainly in thermoplastic (TP) matrix [2], which are

considerably easier to cut as wells to mix higher concentrations of CNT since the

percolation of these TP polymers is higher than epoxy resin. Literature on the

machining of nanocomposites of TP base polymer impregnated with CNT report

samples with 15% in weight of CNT [ 3], whereas epoxy resin percolation is in the

range of 2% max [4]. Properties improvements that have been reported in polymer

nanocomposites include: improved mechanical properties like Young’s modulus

(Young modulus ≈ 1 TPa), thermal stability [2,5] and thermal conductivity (1750 - 

5850 Wm-1K-1,) flame resistance [5], electrical conductivity [5–8], and reduced
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permeability to gases and water [5]. These properties make CNTs an ideal

reinforcement phase for polymer composites that can uniquely meet some of the

requirements of miniaturization.

2 Experimental Details
Carbon nanotube–epoxy resin (RTM 6 - Epoxy Resin matrix – Hexcel Density uncured:

1.11 g/cm3 and cured 1.14 g/cm3; viscosity is 175 and 33 mPa at 25 and 80 oC, respectively)

Composites nanocomposite samples (15mm x 30mm, and 1.5mm thick) with

different concentrations of CNT (see Table 1) were face turned on a Rank

Pneumo ASG 2500 diamond turning lathe. No cutting fluid was used. Table 2

presents diamond tools geometries and the cutting conditions. The topography and

surface finish were evaluated by means of an Optical Profiler (WYKO NT1100

made by VEECO™) Four measurements were taken at the same neighbor in both

samples at every 90o quadrant and average and standard deviation values were

calculated. Scanning electron microscope LEO model 440 was used to assess chips

formed.

Table 1. Composite descreption.

*HDA:hexadecyclamine (Sigma-Aldrich)

amphiphilic molecule C16H33NH2 used as

dispersant agent.

Table 2. Tools geometries and

cutting conditions used in the face

turning operation

3 Results and Discussions

Figure 1 shows a graph with the values of roughness Ra as function of the content of

CNT for a constant value of cutting condition. The roughness Ra increases with the

amount of CNT up to a value of 0.04%wt filler and then starts diminishing at higher

concentration values. Another important aspect is that when comparing the sample
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with the highest concentration of amphiphilic molecules of HAD (0.7%wt) and no

CNT with the sample with the highest concentration of CNT and HDA (0.7%wt of

each, respectively), the sample with CNT presented a lower roughness value. The

sample with CNT presented a smoother and damage free surface finish (Fig.1b)

whereas the sample with no CNT (only HDA) presented some cracks within the

machined grooves.

Figure 2 presents a graph showing the influence of the tool rake angle on the surface

finish for three feedrates and constant depth of cut. The results show that the

roughness value Ra is always smaller for sample of epoxy resin (RTM6)

impregnated with CNT under the same cutting conditions and the roughness

presented smaller values when cutted with the neutral (0o) rake tool.
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Figure 1. Influence of CNT and HAD concentration upon surface finish. Cutting conditions
and tool geometry were, respectively: f = 15 m/rev, ap =10 m; Rp = 0.76 mm and  = 0o. a)
Roughness Ra versus %wt CNT+HAD; b) 3D image of the ample with the %0.7wt CNT+
0.7%HAD.
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Figure 2. Influence of the %wt of CNT and HAD and the rake angle upon surface finish for
different feed rate condition. b) typical ribbon like ductile chip removed from the sample cut,
the free surface of the chip presents indication of adiabatic shear mode taking place during its
formation.
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Once epoxy resin behaves as a brittle material the volume of material deformed is

important to be regarded. Figure 3 presents the influence of cutting depth on the

surface finish of the samples. The results showed that the increase in depth of cut

slightly increases the roughness Ra value for the sample filled with CNT and in less

extent to the sample with no HAD content. However, it is worth noticing that when

the depth of cut is decreased, and consequently the volume of material, the

roughness (Ra) decreased around 30% for both composition however the formation

of microcracks within the cutting grooves diminishes for the sample with no anphilic

molecule (HAD).

In Summary, diamond turning tests were performed for 7 different samples of pure

epoxy resin and impregnated with CNT and HDA; under different cutting conditions

(depth of cut and feedrate) and tool geometries (neutral and negative rake angle).

The results show that the amount (%wt) of CNT in the sample improves the surface

finish.

ap = 2 m RTM6+ 0.4%wt CNT + 0.4wtHDA ap = 0.5 m

ap = 2 m RTM6+ 0.4%wt CNT ap = 0.5 m

Figure 3. Influence of the depth of cut and %wt HAD (amphiphilic molecule) upon surface

finish. Rake angle 0o feedrate 15 m/rev.

There was a slight influence of the depth of cut upon the roughness of the sample. It

was observed that under submicrometer values the surface responded to machining

presenting smaller roughness values. Optical profilometry results showed that the

Cutting
direction
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amount of CNT in the sample was responsible for improving the material removal

mechanism. Presence of microcracks within the cutting grooves: always

perpendicular to the cutting direction was detected in the sample with HAD and

CNT and diminishes when cut with sumicrometer depth of cut and no %wt HAD.
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