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Abstract

During the past decade, polymer nanocomposites bawerged relatively as a new and rapidly
developing class of composite materials and a#itacionsiderable investment in research and
development worldwide.Direct machining of polymeen be an option for personalized products
and for manufacturing product samples. To obtagh hguality products and reduce machining
costs, it is very important to understand the maolgi conditions so as to achieve enhanced
machining performance. The influence of machiniagagmeters (feed rate) and tool type (cemented
carbide, HSS and coated HSS) on thrust force idlindri of epoxy, epoxy/clay and
epoxy/TiO2nanocomposites are investigated. Vanatibinput parameters, feed rate and tool type
affects the thrust force. The cemented carbide ¢oshtes less thrust force than HSS and coated
HSS tools. The thrust force in drilling processepbxy/TiO2nanocomposite was more significant
than epoxy resin and epoxy/nano clay. The minintuimst force (13 N) was obtained in feed rate
of 0.02 mm/tooth in neat epoxy with carbide tool.
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1. Introduction
The advent of polymer based nanocomposite, withfgeting phase, consisting of filler has been

achieved great interest in industry and sciencee €poxy polymers (resins), a thermosetting
polymer, are basically a polyether. A large numtfeapplications have been reported due to their
remarkable chemical resistance and good adhespoxyiesins are used in industrial flooring [1],
foams [2], potting materials for electrical insudais [3], fiber-reinforced plastics [4]. Howevehngt
epoxy resins have some innate deficiencies suameaxhanical properties in pristine form to be
used as a widely acceptable material. To overcarae mentioned drawbacks, many efforts have
been made either by blending [5], co-polymerizati®@ and nanocomposite formation [7].
Unfortunately, limited success has been achievdydieinding and co-polymerization.

Various nanofillers are used to reinforce the epesms like TiQ [7, 8] and clay [9-11]. Polymer
containing clay and/or Ti©nanoparticles possess unique nanoscale propertigge matrix. As
reported in literature, polymer-clay and polyme®3rnanocomposites improved the mechanical
properties [8, 12, 13], thermal stability [7, 1d&s permeability [15] and fire retardancy [16].

Apart of all above applications/properties, the Wtealge and understanding of manufacturing
process, particularly the machining of the novebxgpcontaining nano particles are not well
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developed. A few reports in this area i.e. maclgnaf polymer/clay and polymer/TiO2 (nano)
composites have been investigated [17-19].

For assembling the (nano) composite parts, driltiexgds to be the real challenge of machining
operation [20]. In drilling process, the thrustderis a significant element in machine vibrations,
chatter, and inaccuracy issues. Therefore, reduti@ghrust force in drilling process can directly
reflected into the quality of the drilled hole, dimation of vibration and chatter. Shape accuracy of
component corresponds to machining accuracy [21].

In this study, an attempt has been developed taspethe influence of machining parameters and
tool type on thrust force in drilling process ofigtne epoxy, epoxy/clay and epoxy/
TiOznanocomposites. Three types of drilling tools (H&&ted HSS and cemented carbide) were
used.

2. Materials and Methods

2.1 Materials

Epoxy resin (diglycidyl ether of bisphenol-A; ML-62viscosity =1.2-1.4 Pa.S; specific gravity =
1.2 glcr), and the curing agent (HA-41; viscosity=1.2—-14.3 specific gravity = 1.2 g/chn
anhydride commercial hardener) were purchased fwokarrar Engineering Material Co.(Iran).
Titanium oxide (AEROXIDE TiO, P25) nanoparticles with an average diameter ofrdland a
specific surface area of 50+15/g and natural montmorillonite (MMT) modified witmmonium
salt (cloisite 30B) were both supplied from Evoni@ustries (Germani) and Southeren Clay
Products (USA) respectively.

The dried nanopatrticles i.e. Ti@nd MMT with 1, 3 and 5 wt% (Table 1) were dispdrggo 50ml

of epoxy resin solution. The mixing process wasiedrout using a high shear mixer for 90 min in
1500 rpm. Dispersed nanocamposites solutions wegassed by placing the container in a vacuum
oven at 80 °C for 20 minutes, cool down, and theldr@er was added by vigorous stirring for two
minutes. The obtained solution was slowly poured asilicon rubber mold. The prepared samples
were pre-cured at 80°C for 8 hours and were pastecat 120 °C for 10 hours.

Tablel. Sample synthesis

Symbol Sample Ti(Yowt) Clay (Yowt) Epoxy resin (Yowt)
ER pristine epoxy resin 0 - 100
ET1 Epoxy/TiQ 1% 1 - 99
ET3 Epoxy/TiQ 3% 3 - 97
ET5 Epoxy/TiQ 5% 5 - 95
EC1 Epoxy/clay 1% - 1 99
EC3 Epoxy/clay 3% - 3 97
EC5 Epoxy/clay 5% - 5 95

2.2 Mechanical Testing and Morphology

Tensile test has been performed using SANTAM (STM#&@del) tensile test machine with a
constant loading speed of 3 mm/min according to MIJI638. At least 5 samples were tested for
each condition. The ultimate stress, Young’s moslalod strain at break point were measured.
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Transmission Electron Microscopy (TEM) is a powerfiwol for the characterization of
nanocomposites (the internal structure and dispersf nanoparticles). In this paper, the XLC
TEM operating at an acceleration voltage of 120nka$ used.

2.3 Machining

The drilling processes were performed on a vertoahputer numerically controlled (CNC) milling
machine (SMG-300) with a maximum spindle speedQff06rpm. The actual machining operation
is illustrated in Figure 1The experiments were carried oom nanocompositeplates, using
cemented carbide, high speed steel (HSS) and cét&&ddrills, with 5 mm diameten order to
measure the axial thrust force, the workpiece wasnted on a Kistler 9272 (Switzerland) four-
component piezoelectric dynamometer, which in tw@s mounted onto the machine’s table
(Figure 1). Data acquisitions were made throughptiezoelectric dynamometer by interface RS-
232C to load three Kistler 5070A amplifiers and tte PC using the appropriate software
DynoWare type 2825 A Kistl&r

The best samples from mechanical testing were teeldor drilling process. Neat epoxy resin
(blank sample), ECland ET3, as will be discussadpoomposites with highest performances in
UTS test were selected for further machinery opammatThe results of drilling tests allowed
evaluating of EC and ET nanocomposites, using ctedesarbide, HSS and coated HSS drills. The
machinability was evaluated by thrust force.

Fixture for
holdirg
workpiece

Dynamometer

(b)

Figurel. a)Actual machining operation, b)Drilledrikpieces

3. Results and discussion

3.1 Mechanical properties and Morphology
The ultrathin TEM samples with a thickness of 60 were cut by means of a microtome at room
temperature. Figure 2 shows TEM images for nanocsitgs with 3 wt% of TiQand 3 wt% of

clay nanoparticles respectively.
7
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The state of Ti@Qand clay nanoparticle dispersion in the VE matard the presence of t
particles under 108m in diameter anchickness can be seen.

ET3 EC3

Figure2. TEM micrographs of ET3 and EC3

In order to study the effect of nanoparticles com@ion on tensile properties of ER and
respective nhanocomposites, axial tensile test was conducted. The tenproperties of ER and
ER/TiOnanocomposites (ETIET3 and ET5)including ultimate tensile strength and Youn
modulus are presented in Tak2.lt is obvious thathe Young's modulus of nanocomposi
depends on nanoparticle concentration. Upon intrgdhe nanopatrticles, either MMT or Ty, the
Young’'s modulus increases gradually. It must betrmaead that the modulus of T,is about 200-
400 GPa [12] and clay is 17GPa[27].The ultimate tensile strengths results indicatd tha
epoxy/TiQsamples achieved higher valuescomparedo pristine ER and EC. Moreover, the
sample containing 3 wt%diO, shows the highest value-41.5 MPa. This is due to the
homogenous distribution of TiParticles within polymer matrix. In general, thgsticr indication
of mechanical properties of epoxy/T, hanocomposites can be related to the nano scapenies
of this filler.

3.2 Influence of feed rate and tool type on thrust force

The evaluation of thrust forces versus feed rateshown in Fiure 3.1t is obvious that there is
direct relation between the feed rate, the chis-section and the thrust force (increasing f
rate— increasing chip cross sectienincreasing trust force). It can be observed thacemented
carbide creates lessrtist force than HSS and coated HSS tools. The bkasdand the frictio
coefficient in cemented carbide tool have an ogpdsinction on HSS and coated HSS tools

former has superior effect). As a result, the shesp of cemented carbide tool achs higher
values as comparetb HSS and coated HSS tools. Direct decrementdiae$a of friction
coefficient, friction work, and the trust force cbe observedThe friction coefficient in HSS tool

higher than coated HSS tool; hence, the coatedtbiél creates less thrust force than HSS t
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Table2.Tensile properties of neat polymer and nanocomgs

Ultimate tensile

Young’s modulus

Materials strength (MPa) (GPa)
ER 39.12+ 1.53 2.15+0.19
EC1 40.61+ 2.76 2.21+0.12
EC3 32.58+ 3.15 2.45+0.18
EC5 28.85+ 4.25 2.72+0.21
ET1 33.38+ 2.04 2.34+0.14
ET3 41.51+ 2.36 2.66+0.21
ET5 39.35+1.84 2.94+0.12
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Figure3.Thrust force as function of feaate and tool type for neat epoxy, EC1 and E3f@rfdle spee=2000 rpm)

3.3 Influence of nanoparticles on thrust force

The effect of clay and Ti©nanoparticles on thrust force in HSS tool, coategslSHool anc
cemented carbide tool is shownFigure 4, respectivelyn the mentioned toc, the thrust forces
wererecorded during the drilling process of ET nanocosiies, because was shown a highest
value. This behavior can be justified due to supestrength and modulus of ET nanocompos
(41.51 MPa in strength, 2.66Pa in Modulu) as compared to ER (39.MPa in strengt, 2.15GPa
in Modulus) and EC (40.6Mpa in strengt, 2.21GPa in Modulushanocomposite. The results
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indicate that the thrust forces in drilling processER and EC nanocomyites are close to each
other as a function of strength and Modt
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Figure4.The effect of nanopatrticles on thrust forces fdiiedent tool:

4. Conclusion

In this study, the machining operatifactors in drilling process of epoxy resin, epoigycand
epoxy/TiGgnanocomposites &ve successfully investigated.

Linear relation between the trust force and thel fe#e vasobserved. Minimum and maximu
thrust forces (TF=12.7 N ardb.4< N) achieve at 0.02 mm/tooth ad0t mm/tooth feed rates
using a cemented carbide tooland coated HSS tooldriling process of ER and E
nanocomposites, respectively. The cemented cadralges less thrust force than HSS and cc

HSS tools especially in low spile speed. The thrust forces in drilling processEdf achievec
higher values as comparedlEC and EF
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