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Abstract: Friction stir processing (FSP) is a novel solidtestéechnique; it is employed for t
improvement of the mechanical properties of a netand the production of surface layer compos
instead of conventional processing technologThis research aismto study the ability of applyir
Friction Stir Processing (FSP) on thermoplastig/pr in the form of high density polyethylene (HDF
reinforcing bygraphite particles with particle size of}izh, filled in a groove of 1.5 mm depth on

substrate. Fction stir process was carried out, using tool wgitholled shouldeto produce surface lay
composite.The effect of processing parameters including imtal and transverse speeds on

mechanical properties of composite layer was studi@/ear testresults showed a pronounc
improvement in wear resistance of HDPE surfaceutinoreinforcement additions of graphite partic
where wear rate decreased by 70%, as comparedawitbceived PE. The hardness of composite

increased 18% higher thalnet as received material. OM revealed that high ttotdtional speed result
in homogeneous distribution of graphite particled gice vers:

Keyword: Friction, Friction stir process, Composite Materials, Wear Resistance.
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1. Introduction

FSP is a solid-state processing techniquerdkgaeon friction stir welding basics,
which was contained a special design of rotatimd wath moves down the surfaces of
material plates. This is achieved by generatinggaly plastically deformed region by
the associated stirring action. The resultant sirecof stirred zone (SZ) contains
equiaxed and fine grains, which formed as a regudinamic recrystallization [1].

FSP can be modified and changes the localeptieg of the samples, without
influencing the properties in the residual parthe samples. However, it varies in that
FSW treaties with joining of two similar or dissian materials, whereas FSP was used
to strengthen (not necessarily join) some regioha onaterial [2]. There are many
parameters affect the overall process, such asrgawspeed, rotational speed and pass
number. Any varying in these parameters results isignificant influence on the
mechanical properties, for example, the hardnedstangth of the final product [1,2].

Newly, there have been numerous investigatoonthe using of the FSP to fabricate
a composite layer directly on the surface of a sheesitu by making a channel or
groove on the sheet surface which is packed witifaeement particles. However, it
remains a challenge, during the FSP, how to pretrenteinforcement particles from
being ejected out of the channel or groove, as aglthe particles have typically non
homogeneous distribution unless multiple FSP passes applied to produce
homogeneous microstructure. The resultant compdayer generally exhibits better
properties and microstructure due to clean partitddrix interface, improved wet
ability of particles which form strong bonds betwehe reinforcement and the material
matrix [2].

Thermo plastics, such as Polypropylene (PR) Bolyethylene (PE) have been
treated by friction stir processing [3,4]. It isted that FSP of polymers and polymeric
composites (PMCs) are still much less studied #&R metals and metallic composites.
There are some concerns related to applying didncstir process on polymers due to
the rotation tool pin and the severe plastic flawthe nugget zone could break
macromolecular chains and change the propertidseahaterials [3].

Y. Morisada et al. (2006) studied the uniforrdispersed of SiC particles into an
AZ31 matrix using FSP. The micro hardness of tleeg@ssed zone that reinforced with
SiC particles was increased, due to the distributibthe SiC particles and to the grain
refinement [5]. P. Asadi et al. (2010) employed E8Rorm a composite layer on the
surface of magnesium alloy (as-cast AZ91) using Pwvder. The grain size of
magnesium matrix (AZ91) decreases severely as agethicro hardness increased, by
incorporation of SiCnano particles. Second pasE3P decreases the grain size and
increases the micro hardness of the samples FSEe&M particles and enhances SiC
particles distribution [1]. Adem Kurt et al. (20libcorporated of SiC particles into the
commercially pure aluminum to form particulate sed layers by using Friction Stir
Processing (FSP). Specimens were subjected toaséransverse and rotational speeds
with and without SIiC particles. Results showed thateasing the tool rotational speed
causes a more homogeneous of SiC particles disotbuBending strength of the
resultant surfaces composite was significantly &igthan processed specimen and
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untreated base Al. The hardness of the resultafdicgucomposite was improved by
three times as compared to that of base metalTfgngrasu et al. (2012) studied the
fabrication of aluminum matrix surface compositeM@) reinforced with TiC powders
using FSP. (SEM) showed a homogeneous distribatidnC particles which formed a
strong bond with the matrix alloy. Hardness of #iTiC surface composite was
increased about 45% higher than that of the basal iT¢.R. Sathiskumar et al. (2013)
utilized Friction stir process technique (FSP) ébricate copper surface composites
reinforced by boron carbide {8) particles. Increasing tool rotational speed with
decreasing transverse speed produced higher arsarfate composite with uniform
distribution of BC particles due to high frictional heat generateuictv increased
stirring and transportation of material. The mitrosture evaluation showed that the
grains of copper matrix were refined due to thenpig effect of BC particles
[8].E.T.akinlabi et al. (2014) studied the effect of process patarseon the wear
resistance behavior of Al/TiC surface compositésitated by friction stir process. The
wear rate property was found to decrease as at refsthe TiC powder addition. The
right combination of the process parameters wasmopd to improve the wear
resistance property of the resultant surface cortgmgroduced. The micro hardness
profiling of the FSP samples showed an increadgaminess value when compared to
the base metal, which can be attributed to theedsgal TiC particles via FSP [2].

From the above, it can be seen that all ofREEs were done on metallic material,
such as (Al, Cu, Mg...etc.) and there are very rasearches deal with FSP on polymer.
In this study, FSP was applied in fabricating Payrivatrix Composite (PMC) by the
reinforcing of high density polyethylene (HDPE) lwigraphite particles. The effect of
FSP parameters (rotational and transverse speedg)eomechanical properties (wear
resistance and hardness) and microstructure wdgedtas compared with as received
one.

2. Experimental work

Clamping assembly consisting of aluminum flalate (backing plate) with
dimensions of 80x30x2 cm was used in this studytiséd drilling of adequate number
of screw holes was used; those holes were distabon the fixture to facilitate the
installation of samples sheet and to work out omentban variable through the section
to save time and effort. The high number of screxas used to clamp the work piece
tightly to avoid any movement, and to ensure thatllocks are positioned horizontally
all the time. HDPE pieces of 600x200x5 mm were and used to fabricate polymer
matrix surface composite by FSP, Fig. 1.

The FSP procedure is schematically showngn Zi A groove or channel was made
in the middle of the plate along the line of FSRhvl.5x2 mm dimensions. The groove
was fully filled with the graphite particles, Aveg particle size and purity of graphite
particles were< 25um and 99%, respectively.Then, FSP tool rotatingclahase is
inserted into the prepared sample to carry out BS® mixing the reinforcement
particles with matrix plate to produce surface cosie, as shown in Fig 3.
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Figure 1. Polyethylene substrate set on fixture

DIN 100 MnCrW 4 tool steel, with an average of 5BREihardness, was used in t
processing. This tool consists of scrolls on shewidvolved of a flat end surface witt
spiral channel cut from the edge towards the cefitee channels serve to ne the
material flow from the edge of the shoulder to tleater, thus eliminating the need
tilt the tool [9].

Figure 2. FSP procedure to fabricate surface composite: (a) making a groove, (b) compacting the groove
with particles, (c) processing using a pinless tool and (d) processing using a FSP tool

Figure 3.FSPed zones resulted by using Scrolled shoulder

This shoulder has 24 mm diameter, 0.5 mm scroitktiess, with Imm width [10
the schematic and photographic profiles of thid #we presented irFig. 4(a) and 4(b).
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The advantages of using scrolls shoulder to prodAM€s are: (a) Very high degree
homogenous distribution of reinforcement particiesHDPE matrix, (b) the scro
shoulder design prevents material displacement dmm center and takes advant:
of the greater flexibility in the contact area beém the substrate and shoulder |

lry
&

1

s

@ (b

Figure (4): (a) Scrolled shoulder, (b) Sketch of the scrolled tool

In order to determine an optimum range for the @sstg parameters, many te
were performed to find the appropriate range fesséhvariablesTable 1 contains FS
parameters used in fabricating a composite layddDRE surface

Table (1) FSP parameters for fabricating of HDPE surface composite

Rotational spee Transverse speed

(rpm) (mm/min)
1600 74
820 74
650 74
1600 98
820 98
650 98
1600 132
820 132
650 132

Wear test specimens were fabricated according tbMA& 99— 04 standardizatior
where they were of (10 mm) diameter, inserted aylidrical collet of 20mm diamete
and 3mm length, under varying of applied load (8,5/.5 and 10) N, constant sd of
250 rpm, and the duration of test was 15 min Hardnessest was performed c
samples which had dimensions of (20x20x5) mm aeegrtb ASTM D2240 using th
Durometer tester. Macro and micro surface strustwvere carried out by using
optical mcroscope to study the homogeneity of the mix
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3. Results and Discussions
3.1. Wear Resistance test results

The wear resistance test was evaluated ontheths-received HDPE and processed
samples. The weight loss of each specimen after t@sing was determined in order to
calculate the wear rate (gm/cm) of the HDPE surfam@aposite. The formula used to
convert the weight loss into wear rate (gm/cm)Li3|{

Wr = (AW / S) 1)

Wr= Wear rate (gm/cm)
AW=W;-W,= Weight difference of sample before and after éash(gm).
S = Total sliding distance (cm)

S=V xtx100 (2)

V = Linear velocity (m/min)
t = Time of running (min)

V =2x xrxn 3)

r = Distance from the center of pin to the centedist, (m).
n= Disc rotational speed (rpm).

HDPE was reinforced with graphite particleslemdifferent processing parameters
(Tablel); these parameters affected clearly ther weaistance of HDPE/surface
composite. Fig.5 shows that the wear resistansawiples increases (decrease of wear
rate) by reinforcing with graphite particles und#processing parameters.

Too high rotational speed for a polymeric matesuch as pure HDPE tends to
produce high quantities of frictional heat that szl high mixing between polymeric
materials with the powder. Dilution requires torbaimized so as to enhance the wear
resistance of the work piece surface, melting da#soccur during the process; this is
one of the main advantage of using FSP [2].

High rotational speed results in the increasinghef process temperature due to the
frictional heat generation, therefore, HDPE shesgiits to burn, melt and degradation.
Furthermore, excessive turbulence of mix will o¢that’s lead to voids content [13].

At (1600 rpm), the wear rate was found to dase with the increase in the
transverse speed, it became (5.2627%*1@m/cm) at 10 N load (decreased
approximately 63%) at 132 mm/min, as shown in Fi@léis can be attributed to proper
melting of the material; hence dilution of graphstewder can occur at high feed rate
which would increase the wear action [2] (i.e high rpm, adequate softening of matrix
can be achieved when the feed rate increased).

As the transverse speed increases, the shouldemalges faster, which would not
provide enough time to polymer sheet to be melfadthe other hand at low transverse
speeds, excessive heat input per unit area andiahgieocessing will result in void
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effect. The increasing in the process time and egusntly decrease in the process
efficiency is why that small amount of travel speeak avoided [13, 14].
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Figure 5. Wear rate of HDPE reinforced with graphite by different rotational and transverse speeds
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Figure 6. Wear rate of HDPE reinforced with graphite by 1600 rpm and (74, 98, 132) mm/min
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Figure 7. Wear rate of HDPE reinforced with graphite by 820 rpm and (74, 98, 132) mm/min
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Figure8. Wear rate of HDPE reinforced with graphite by 650 rpm and (74, 98, 132) mm/min

At (820 rpm), the wear rate was also foundbéodecreased as the transverse speed
increased from 74 mm/min to 132 mm/min to reacBq@*10® gm/cm) at 10 N load,
as shown in Fig.7. A good wetting and proper mgltan occur at 132mm/min, and
wear rate decreased approximately 70% at this tondilue to the suitable amount of
heat generation that caused the substrate to mnedfwhich enhanced mixing quality.

At lower rotational speed of (650 rpm) andnsnerse speed of98 mm/min, the
minimum loss of mass was observed, wear rate reach@.5464*1F gm/cm) at 10 N
load as shown in Fig.8, which was decreased appately by 82%.This represents the
optimum conditions of wear resistance of HDPE w@icdéd with graphite particles, due
to the proper amount of heat generated at thesditamrs providing high quality of
mixing between matrix and filler at the surfacenadl as good environment which form
strong bond between matrix and filler. Also, sligpaand wettability of particles
increase, leading to decreasing wear rate at gmditon [2,15,16].

3.2. Durometer surface Hardness Test Results

Results of Shore-D Hardness tests showedath&tDPE/surface composites have
higher hardness than that of the as received dme.iricrease in this property is due to
the high hardness property of the graphite padidte addition to the strengthening
resulted from carrying of the load by these pagticlFig.9refers to the average of five
values for the specimens manufactured by FSP aé thones (retreating (RZ), center
(C2), advanced (AZ)).From this figure, it can bers¢hat the hardness increases as the
rotational speed (rpm) increases from 650 rpm 1 &n. When tool rotational speed
was increased to 1600 rpm, hardness of composiez tlecreased. The hardness was
found to be less than that of the as received HBgecially in the retreating zone at
low transverse speed (74 mm/min).

The explanation for that behavior is the pneseand amount of agglomerations
which cause higher difference in hardness acrassdimposite layer. The possibility of
indenter resting directly on the particles incresgue to agglomerations when the
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measurement of hardness was carried out at eveing, which lead to higher hardne
at 650 rpm and 820 rpm [
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Figure 9. Hardness profile along stir zone of HDPE reinforced with graphite after FSP applied with all
parameters

When tool rotational speed was increased to 1600 tipe hardness decreased wt
can be attributed to the breaking up of particiggl@nerations and then their unifo
distribution. Since the area (dimensions) of sw@faomposite layer simultanesly
increases, it resulted in a general drop in padiclolume fraction, where the sa
amount of particles packed in the groove was tsted into larger area of soften
HDPE. Therefore, the hardness of the surface coitepescomes lower at 1600 r for
the three types of reinforcements

The effect of transverse speed on the hardnesDéfBfsurface composite is al
shown in Fig9. At 1600 rpm, the hardness increased when trasesvepeed we
increased. While, it decreased at 74/min andthat can be attributed to the drop in
particles volume fraction, despite having homogesedistribution. The presence
agglomerations resulted in higher hardness valleshwransverse speed was increa
On the other hand, at 650 and 820 rpm, hardness decreased with the increas
transverse speed. That is attributed to the inergathe volume fraction of graphite
the processed zone, as a result of the reductichenamount of the reinforceme
particles mixed with the softened mat due to the decrease in the amount of
generated at these conditio

Polymeric composite material (especially which weisforced by particulate usir
FSP technique) does not depend only on the prquassneters or the properties
componentsbut also depends on the nature of the interfaterden the componen
the weight fraction, and sometimes on the geonwdttige particulates [17

It is obviously clear that the grapt-reinforced composite exhibits higher hardnr
values compark to that as received one, where they were, 49@ 4h5 HD,
respectively. This is mainly due to the interfacind as well as good inhere
hardness of the graphite partic
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3.3 Microstructure Evaluation

Optical microscope was used to revehe distributions of reinforcement partic
(graphite) in the HDPE matri:Fig.10, 11 and 12 shows the effect of rotational sp
(650, 820 and 1600 rpm) respectively on the pagidistribution at constant transve
speed (74 mm/min).

At 650 rpm the distribution was not uniform duehe presence of agglomeration
graphite particles at several places. The agglaiesa were gradually disappeat
when tool rotational speed was increased. Exceltgsiribution was shown whe
rotational speed increased to 1600 rpm, where theageespacing between grapt
particles increased. Tool rotational speed has nveoe functions in addition to he
generating due to friction, stirring the softenedtenials as well as influencing mat
sample flow behavior across the processed zon

The presence of particles agglomerations at loatimtal speed (650 rpm) can
attributed to inadequate stirring and insufficiemterial flow from the advancing sis
to retreating side. The grapt particles, which were filled the groove, did notxmith
the softened HDPE substrate appropriately, thesefparticles agglomeration we
formed. When rotational speed increased, the dqyaati stirring and material flov
increased too. The frictionir processing zone (surface composite layer) wasgted
to high plastic strain. This plastic strain enhahcene stirring shatter of tr
agglomerations into fine dispersion in the HDPEx:

Figure 10. Optical photomicrograph (800 X) of HDPE/graphite surface composite at 650 rpm

Figure 11. Optical photomicrograph (800 X) of HDPE/graphite surface composite at 820 rpm
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Figure 12. Optical photomicrograph (800 X) of HDPE/graphite surface composite at 1600 rpm

5. Conclusions

The conclusions derived from this experimental waak be summarized as follo

1-

HDPE/graphite surface composite with homogenousges distribution can b
achieved by the scrolls shoulder, in which thetifsital heat generated and flc
of softened HDPE were adequate to yield defect frefaseicomposite

Right combination of processing parameters (rotaficand transverse spes
was necessary to really improve the wear resistaarm hardness of tt
composite layer produce

There was iaufficient melting of matrix at low rotational sgkeeAs well as, toc
high heat generated at too high rotational speatidhused high dilution of tt
filler which reduces the wear resistance and has

A moderately rotational speed of (650, 820) iformed the surface composit
layer with the optimum wear resistance and hardpesperties depending ¢
FSP parameters optimize in this work and can besidered as the be
parameter.

High tool rotational speed resulted in good distrin of particls and vice
versa.
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