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ABSTRACT

In this paper, an attempt is made to enhance the Alumina
ceramic cutting tool performance after reinforcing it with
nano graphene particles (0.35 wt% and 0.45 wt%), which are
fabricated by employing powder metallurgy route. The
performance of the prepared Alumina — Graphene ceramic
composite cutting tools are studied by observing the abrasive
wear behavior of tools during machining of two different
work piece materials, namely EN24 and EN36 steels,
respectively. The influence of different cutting parameters
like speed, feed, depth of cut on abrasive wear of the prepared
tool inserts are examined. Further, the machining
characteristic of prepared cutting tool inserts in terms of
surface finish of machined components is also studied. The
experimental outcome revealed the fact that the ceramic
cutting tools reinforced with nano graphene particles have
exhibited better cutting performance and enhanced the
quality of the machined work piece.

Key words: Alumina-graphene, composite ceramic tool,
abrasive wear, cutting performance.

1. INTRODUCTION

Selection of right tool for right manufacturing operation is the
key step in fabricating an effective component used for a
specific purpose. But the selection of tool material mainly
depends on the operations to be performed on the work piece
and material of the work piece. At the same time there are
several alternative choices for the tool materials in order to
produce parts successfully. The power rating, range of speeds
and rigidity of the machine tools, productivity demands and
tooling budget limitations are some of the vital factors to be
considered in the selection of appropriate tools for machining.
Under such scenarios, the last three decades had seen the
usage of ceramics in different applications ™ including as a
tool material on account of their great protection from
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oxidation, moderately high hardness and low coefficient of
friction.  Especially ceramic materials, like Al,O; are
considered as competition for regular tool materials to
machine hardened

steels.!®) These hardened steels are generally used in highly
and cyclically loaded machine parts. Alumina being an
attractive ceramic material was used as cutting tool for high
temperature and high speed machining operations since a
long time. These tools are also used to obtain quality surface
finish by turning the hard working materials.” At the same
time they had also shown a better cutting performance in
terms of increased metal removal rate when compared with
the conventional tools did in hard turning.® Apart from good
machining performance, ceramic cutting tools also impart
better surface finish to the machined surfaces even when
compared with commercial cutting tools.’® In spite of its good
chemical inertness and high hardness, the deprived fracture
toughness limits the usage of Al,O; for full length cutting
operations.[”? Recently, some of the researchers had suggested
the usage of carbon based nanomaterials as fillers in Al,O; to
curtail its brittleness.® ¥ But several studies indicated that the
weak interfacial bonding between Al,03and carbon nanotube
(CNT), agglomerations of CNTs and densification of
nanocomposites were the big challenges while fabricating the
ceramic composites.®* Thus the carbon nano tubes are not
fully effective for alumina ceramics. When compared with
carbon nano tubes, graphene improved mechanical
strength/flexibility and specific surface area. This made
graphene’s dispersion far easy into the ceramic matrix.* ™!
Even though hot pressing and spark plasma sintering are
generally used to prepare ceramic tools based on alumina
materials ™ ! both processes were having their own
disadvantages. Because of the long sintering times in hot
pressing sintering (HP) method, abnormal grain growth was
present and becoming detrimental in enhancing the ceramic
based tools properties. To overcome these problems, some
researchers around the world had proposed microwave
sintering to improve the efficiency and reduce the cost of



K.1.Vishnu Vandana et al., International Journal of Emerging Trends in Engineering Research, 8(10), October 2020, 7524 - 7531

fabrication of composites.'**®!. This resulted in a more rapid
temperature distribution in a homogeneous manner
throughout the materials and induced better mechanical
properties into the materials along with a refined crystalline
structure, 192!

Along with the validation of basic mechanical properties like
hardness and toughness of prepared composite cutting tools,
it is also very vital to recognize the wear in the tool and
surface roughness of machined component for effective
utilization in machining hardened steels. It is important to
mention that pair of contact surfaces formed between tool and
work piece material while machining the component. This
contact promotes intense abrasion over certain portions of the
cutting tool. As a result of this phenomenon, different forms
of tool wear were observed. Further, the wear mechanism
depends on different factors like type of work piece material,
type of tool material and cutting conditions. This wear
mechanism during machining of ceramic tools was studied by
several authors by varying cutting speed, feed and depth of
cut. Senthil et. al ?! studied the effect of wear on the tool life
of the tool made by Alumina. They concluded that Ti [C, N]
mixed alumina tools had shown a better tool life than other
alumina ceramic cutting tools. Moreover, Zhao ! carried out
wear tests for ceramic tools under dry and lubricated
conditions using pin on disk (steel) apparatus, and concluded
that the wear rate was seen to be accelerated with the increase
in the speed of the wheel. In addition to the above research,
the analysis for the chips generated during machining process
and classification of chips was also very important and was
studied by different researchers during machining with
ceramic tools.® Y1 From the literature, it has been observed
that till now no considerable amount of work has been
reported on the investigation of graphene toughened alumina
ceramic tool prepared by microwave sintering. Further, very
limited research was conducted to study the effect of abrasive
wear and surface finish of machined work pieces. Hence by
considering the above studies an attempt is made here to
prepare a tool using alumina graphene composite (Al-G) after
employing microwave sintering process. It is well known that,
the study of tool wear and surface quality of the machined
sample are very much required to characterize the qualities of
the machined components. Therefore, the fabricated tools are
investigated for their behaviour in wear and surface quality of
machined surface during machining of hardened steels. As
part of experimentation, dry machining tests were conducted
on two different types of steels, namely EN24 and EN36
steels, respectively with the prepared ceramic cutting tools.
After machining, the wear of the tools and surface roughness
(Ry) of machined surface are determined. These values are
analysed to evaluate the efficacy of proposed
alumina-graphene composite ceramic tool inserts during
machining.
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2. MATERIALS AND METHODS

In the present investigation, the powders of alumina and
graphene are procured from a Bangalore based company
(Ad-nano technologies) is used as the matrix and
reinforcement, respectively to fabricate the composite
ceramic tool inserts. The as-received nominal particle size of
Al,O3 and graphene particle are found to be equal to 300 nm
and 3-8 nm, respectively. During fabrication, the cutting tool
inserts are prepared by reinforcing 0.35 wt% and 0.45 wt% of
graphene with Alumina, as highest hardness and fracture
toughness are observed at the said compositions.”® Mixed
and well processed powders are pressed in a hydraulic press
and Al-G composite samples are preapared in the required
square shaped tool inserts with a dimension of 25x25x5 mm®.
The pressed green samples are then placed in microwave
furnace and were sintered in an organ atmosphere. Sintering
of the samples is performed at a temperature of 1500°C and a
holding time of 30 min, to obtain better density for the
fabricated inserts. The compositions, densities, hardness and
fracture toughness values of tool materials are given in Table.
1. The fabricated composite ceramic inserts are shown in Fig.
1.

Table 1: Details of Composition and Properties of the
Ceramic cutting Tools

S.No | Composition | Density | Hardness Fracture
of tool (g/cc) (GPa) Toughness
with (MPa m*?)
Graphene

wt%

1 Al-G (0.35
Wi%) 3.96 19.04 4.32

2 Al-G (0.45
Wi%) 3.89 21.27 491

(a)

(b)

Fig. 1: Alumina-Graphene (Al-G) ceramic cutting tool
inserts,
(a) 0.35 wt% graphene and (b) 0.45 wt% graphene

The machining tests are performed on a precession lathe
(Indian make, SS&SG model) using alumina-graphene
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composite ceramic tool inserts on a hardened steel work piece
of grade EN24 and EN36, at different machining conditions
as given in Table.2. The diameter and length of the work
piece considered in this study are taken as 40 mm and 100
mm, respectively.

Table 2: Table showing the conditions at which the
experiments are conducted

speed, rpm feed, mm/rev depth of cut, mm

100, 300, 500 0.3,05,0.8 0.1,0.2,0.3

Each machining test has been conducted for 15 minutes
without any cutting fluid i.e completely in dry environment.
The weights of the cutting tool inserts are measured before
and after the machining tests. Abrasive wear of cutting tool
inserts and surface roughness of machined surfaces are
measured and documented for further analysis. The wears out
areas of prepared tool inserts are analyzed using scanning
electron microscope.

In the present investigation, the wear rate of the fabricated
ceramic cutting tool inserts are studied by conducting the
experiments at the levels of the machining parameters given
in Table 2. The results of this investigation are explained in
the following sub-sections.

3. RESULTS AND DISCUSSION

Abrasive wear is highly dominant wear and is mainly
observed on the flank and rake face of the cutting tools.
Mechanical properties like hardness and fracture toughness
predominantly control the abrasive wear. These properties are
determined and analysed for different wt% of graphene
reinforced alumina composite tool inserts. Abrasive wear is
mainly characterized by developed grooves and ridges in the
direction of sliding of the tool against machined surface.
Abrasive wear can be severe when the work piece contains
hard asperities and inclusions. The tool material properties
and work piece surfaces are much affected by high
temperatures generated during this rubbing process.

The SEM images that represent the condition of ceramic
cutting tool inserts before and after the machining operation
performed (at 100rpm speed , 0.3mm/rev feed and 0.1mm of
depth of cut) on 0.35 wt% and 0.45 wt% graphene reinforced
alumina composites are shown in Figs. 2 and 3, respectively.
Ploughed grooves observed on the tool edge (ref. to Fig. 2(b))
after machining indicates the insufficient bonding between
the matrix and the reinforcement at high cutting depths with
0.35 wt% of graphene ceramic tool. This might have
happened due to the relatively less hardness and fracture
toughness of alumina-graphene (0.35 wt%) tool insert when
compared with the 0.45 wt% alumina-graphene tool insert
[23]. Further, the ploughing and chipping of the fabricated

tool inserts are also due to the poor resistance to absorb shocks
and low plastic deformation ability of the ceramic material.
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Fig. 2: Schematic diagram showing the SEM images of 0.35
wt% graphene reinforces alumina ceramic composite tool, (a)
before and (b) after machining.

Figure 3 (b) shows the chipped edges on the flank side of the
0.45 wt% of alumina-graphene tool insert, and it indicates the
failure of the tool during machining. This might be due to the
vibration of the tool at a large depth of cuts. However, the
amount of chipping is less on 0.45 wt% tool insert when
compared with the 0.35 wt% alumina-graphene tool insert.

SEMHV: 5.0kV | WD: 30.21 mm VEGA3 TESCAN

SEM MAG: 135 x Det: SE 200 pm
View field: 1.54 mm Date(m/d/y): 11/01/19
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Fig. 3: Schematic diagram showing the SEM images of 0.45
wt% graphene reinforces alumina ceramic composite tool, (a)
before and (b) after machining.

It is important to mention that the higher wt% of graphene in
this case might have acted like a load bearing member and
provided damping action during machining at relatively high
depth of cuts. The higher amount of graphene in
alumina-graphene (0.45 wt%) tool material has also helped
in enhancing the hardness and fracture toughness of the tool
material.

In order to study the abrasive wear phenomenon of the
fabricated composite ceramic tools, the experiments are
conducted by varying speed, feed and depth of cut during
machining. The cutting speed, feed and depth of cut are
varied at (100, 300 and 500 rpm), (0.3, 0.5, 0.8 mm/rev) and
(0.1, 0.2 and 0.3 mm), respectively. The machining
operations are conducted by varying a parameter at a time
after and making the other two parameters at a fixed value.
Fig. 4 and Fig. 5 shows the variation of abrasive wear for
EN24 and EN36 steel work pieces, respectively while using
0.35 wt% and 0.45 wt% of graphene reinforced alumina
composite ceramic tools.

From Fig. 4 and Fig. 5, it is clearly evident that with the
increasing speed and feed rate, wear loss per minute is also
seen to be increased when machining both the EN24 and
EN36 hardened steels. With the rise in the speed and feed
rate, the rubbing between the tool and material is increased.
The increase in the value of friction resulted in the generation
of more heat between the tool and work piece. This raise in
heat further results in the enhanced material loss particularly
at high speeds. Therefore, it is concluded that at higher values
of speeds and higher depth of cut, the weight loss per minute
of the composite ceramic tools is increased. Moreover, the
feed rate of the tool is also having greater influence on the
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weight loss of the tool when compared with the depth of cut at
considered speed levels.
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Fig. 5: Graph showing the variation of weight loss per
minute between two tools for EN36 steel
(a)at 100 rpm and (b) at 500 rpm

It was observed that Alumina tool inserts reinforced with 0.45
wit% of graphene showed 47.54% less abrasive wear than tool
inserts reinforced with 0.35 wt% of graphene at low speed
(100 rpm), feed (0.3 mm/rev) , depth of cut (0.1 mm) and
showed 29.11% less abrasive wear than tool inserts
reinforced with 0.35wt% of graphene at high speed (500rpm),
feed (0.8mm/rev), depth of cut (0.3mm) respectively, when
machining on EN24 steel samples. Tool inserts reinforced
with 0.45 wt% of graphene showed 39.08% less abrasive wear
than tool inserts reinforced with 0.35 wt% of graphene at low
speed (100 rpm), feed (0.1 mm/rev), depth of cut (0.1 mm)
and showed 41.91% less abrasive wear than tool inserts
reinforced with 0.35 wt% of graphene at high speed (500
rpm), feed (0.8 mm/rev), depth of cut (0.3 mm) respectively,
when machining on EN36 steel samples.

Finally the wear is observed to be lower in alumina-graphene
(0.45 wt%) composite tool inserts when compared to
alumina-graphene (0.35 wt%) composite tool inserts when
machined on both EN24 and EN36 steel samples. But the
wear is slightly higher in case of both tool inserts when
machined on EN36 steel samples when compared with EN24
steel samples. The rise in the wear of cutting tool inserts can
be attributed to high hardness of EN36 steels. Totally less
wear is observed in alumina-graphene (0.45 wt%) composite
tool inserts when compared to alumina-graphene (0.35 wt%)
composite tool inserts when machined on both type of steels.
The reason for less wears in case of alumina-graphene (0.45
wt%) composite tool may be attributed to higher wt% of
graphene in the composite. The alumina matrix surrounded
by graphene particles may be acted as a lubricant in case of
alumina-graphene (0.45 wt%) composite tool and reduced the
wear.
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The quality of surface attained during the hard turning
process is also very much close to that of the surface quality
obtained after employing grinding process. Surface roughness
or surface finish of the machined surface is one of the vital
factors affecting the application of alumina ceramic cutting
tool. The results of surface roughness values obtained after
machining EN24 and EN36 steels using the fabricated
composite ceramic tools is presented in Figs. 6 and 7,
respectively. The surface roughness values of EN24 and
EN36 steel samples measured using surface roughness tester
SJ-210 (MITUTOYO make). Surface roughness values are
taken at three different positions on each machined surface
and the average value of the said readings is used to plot the
graphs.
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Fig. 6: Graph showing the variation of surface roghness for
EN24 steel samples machined with two tools (a) at 100 rpm
and (b) at 500 rpm

It is clearly evident that the surface roughness values of both
EN24 and EN36 steel samples are reduced notably with the
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increased cutting speed when machined with both 0.35 wt%
and 0.45 wt% alumina-graphene ceramic cutting tools. An
increasing trend in surface roughness is observed on both the
machined surfaces when increasing the feed rate and keeping
the cutting speed and depth of cut at a constant value. This is
due to the vibrations induced the cutting tool at the higher
feed rate. This effect results in inducing the larger feed marks
on the machined surface. Further, it also helps in increasing
the surface temperature of the work and tool materials, which
facilitates more particles pulling from the work piece
material. Moreover, the effect of depth of cut on surface
roughness of machined surfaces is seems to be minimum
when compared with the cutting speed and feed rate effect.
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Fig. 7: Graph showing the variation of surface roghness for
EN36 steel samples machined with two (a) at 100 rpm and (b)
at 500 rpm
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An increasing trend in surface roughness was observed when
depth of cut was increased in both the samples when
machined with the fabricated tool inserts. But the rate of
increase of surface roughness is less in case of both the EN24
and EN36 steel samples, when machined with 0.45 wt%
alumina-graphene ceramic cutting tool inserts than the
surfaces machined with 0.35 wt% alumina-graphene ceramic
cutting tool inserts. It is also important to note that alumina
tool inserts reinforced with 0.45 wt% of graphene, yielded
20% less surface roughness values than the samples
machined with tool inserts reinforced with 0.35 wt% of
graphene at low speed (100 rpm), feed (0.3 mm/rev), depth of
cut (0.1mm). Moreover, it is to be noted that the machined
samples has shown 26.66% less surface roughness at high
speed (500 rpm), feed (0.8 mm/rev) and depth of cut (0.3
mm), when machining on EN24 steel samples. Tool inserts
reinforced with 0.45wt% of graphene has resulted in 20.25%
less surface roughness values than the tool inserts reinforced
with 0.35 wt% of graphene at low speed (100 rpm), feed (0.3
mm/rev), depth of cut (0.1 mm). Moreover, the surface
roughness values are seen to be 48.38% less at high speed
(500 rpm), feed (0.8 mm/rev) and depth of cut (0.3 mm),
respectively, when machining on EN36 steels. Finally it can
be observed that both EN24 and EN 36 steel samples
machined with 0.45 wt% alumina-graphene ceramic cutting
tool inserts have shown a significantly low surface roughness
values when compared with the surfaces machined with 0.35
wt% alumina-graphene cutting tool inserts at all cutting
conditions.

3. CONCLUSIONS

In the present manuscript, an attempt has been made to
fabricate and study the wear and machining characteristics of
0.35 wt% and 0.45 wt% graphene reinforced alumina
composite ceramic tools while machining EN24 and EN36
steel work piece material. The following conclusions are
drawn from the said experimental investigations:

1. Both the composite ceramic inserts are capable of
machining two different variants of hard steels, namely EN
24 and EN36 steels, respectively.

2. With the increase in the cutting speed, the abrasive wear is
also seen to be increased. However, the abrasive wear in 0.45
wt% AIl-G cutting tool insert is found to be lower when
compared with the 0.35 wt% AI-G cutting tool insert while
machining both the types of steels.

3. Surface roughness of Al-G (0.45 wt%) ceramic cutting tool
machined samples is less when compared with the surface
roughness of Al-G (0.35 wt%) ceramic cutting tool machined
samples in all the cases of cutting speed, feed and depth of cut.
Low values of wear and surface roughness of machined
surfaces are encouraging the AI-G (0.45wt %) ceramics
cutting tools for machining of hardened steels.
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