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ABSTRACT KEYWORDS
High Density Polyethylene (HDPE) composites have been made using light HDPE;
weight cenospheresasfiller material in different volumefractionsalongwith Cenospheres,
theincorporation of HDPE-g-DBM compatibilizer for improved interfacial Compatibilizer;
adhesion and tribological characteristics. Cenospheres are hollow ceramic Tribological properties;
based microspheres found in fly ash, anatural by-product of coal combus- Coefficient friction.

tion during the generation of electric power. Cenospheresare easy to handle
and provide alow surface area-to-volume ratio. Utilization of cenospheres
reduces the cost of manufacturers’ raw materials and can lead to the devel-
opment of lightweight composites. The study comprising of preparation
and eval uation of varioustribological properties of HDPE with cenospheres
asfiller material at 3 levels and HDPE-g-DBM as compatibilizer has been
reported since similar kind of work could not be cited in the literature. The
tribological studies have been done using a Pin-on-Disc type of wear test
rig with the pin asthe HDPE composite material diding over ahard disc. The
damage assessment of the worn out samples has been carried out using
Scanning Electron Microscopy (SEM). The results showed that as the
cenosphere content is increased, both slide wear loss and coefficient of
friction values decreased. The HDPE material without any filler showed the
highest wear loss. The coefficient of friction of HDPE matrix in comparison
with HDPE-cenosphere based composites exhibited mixed trends.
Compatibilization favored wear resistance although the excessive
compatibilizer decreased tribological properties of the composites.
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INTRODUCTION areknown for pocessing good mechanical and tribo-

logical propertiesdueto addition of filler or reinforce-

In recent years, the usage of polymeric compos- ments. With different typesand contentsof filler ma-
iteshaveincreasedinindustria applicationsincluding terial such asorganic andinorganictypes, tailor made
thermal power stations. Thermoplasticscomposites  properties can beachieved. Thetype of matrix or filler
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contentsor reinforcementsyield good propertiessuch
ashighload bearing capability, improved wear resis-
tance, higher strength etc. depending upon thetype of
application the materia issubjected to.

Variousresearchers havereported that thewear
resistance of polymersisimproved by the addition of
fillers such as Kaolin, Talc, CuO, fly ash,
Hydroxyappatite etc. Studies by Wangi? showed that,
Hydroxyapatite[ HA] reinforced high density polyeth-
ylene[HDPE] compositeshavelower coefficients of
friction than unfilled HDPE under certain test condi-
tionsand dso exhibited lessseverefatiguefalluremarks
than HDPE. It has been reported by Palabiyik et.al.
that the additionsof CuO and polytetrafl uoroethylene
[PTFE] in HDPE showed lower wear |ossand coeffi-
cient of friction. Inarecent review!, Yang reported
that by reinforcing the multi wall carbon nanotubes
(CNT) into ultra-high molecular weight polyethylene
(UHMWPE) and high density polyethylene (HDPE)
polyblend yielded improvement in the wear perfor-
mance of the composites. The specific wear rate of
the composites decreased withincreasing CNT con-
tent. Hung et.al . eva uated thetribologica and me-
chanical propertiesof silanetreated fly ash asplastic
filler and theinvestigation reved ed that the polymers
containing flyash asfiller material improved thewear
properties. A smilar work inthenon ferrousareawhere
inflyash particul ates used asfiller in aluminum based
metal matrix® showed improvement inresistanceto
wear increaseswithincreasein flyash content.

Introduction of third component ascompetibilizer
hasfound to improvethetribological behavior of the
polymer composites”®. Jiansong et.al.” studied the
tribological behaviour of compatibilized UHMWPE/
Liquid crystalline polymer composites with PE-g-
Maleic anhydride. It isreported that the inclusion of
compatibilizer hel ped inimproving thewear resistance
of the composites.

Theuseof HDPE asamatrix materia with hollow
light weight cenosphereasfiller a ong with theincor-
poration of suitable compatibilizer has not been re-
portedintheliterature so far. Hence, the present work
aimsat studying the physical and tribological proper-
tiesof HDPE/ Silane grafted cenosphere composites
at 3levelsprepared inthelaboratory.
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EXPERIMENTAL

Materials used

HDPE [grade 24FS040 with melt flow index 10g/
10min. from Reliance Petrochemicd Ltd. Indig] isused
asmatrix. Cenosphereused asfiller materid havinglow
dengity and particlesizeof 100-350 microns. Itistreated
with 3-Amino propyl triethoxy silane[APTS] obtained
fromsigmaAldrich (USA).

Silanegrafting

Silane grafted cenospheres can be synthesized
(as done earlier by Hongping et.al.'¥) by grafting
APTS onto cenospheres by silanation process. The
grafting reaction iscarried out in amixture of water /
ethanol [ 20:80 by volume] and the procedureisgiven
below.

A quantity of 100ml of APTSisfirst introduced
into 1000ml of the mixture of water/ethanol at 80°C.
Then 50g of cenospheresisadded to the above men-
tioned sol ution and continuoudly stirred for 5-6 hr at
80°C. Then the reaction products are filtered and
washed many timesusing H,O/ethanol mixtureand oven
dried. Theresultant product thusobtained is character-
ized for silane coating using Fourier transforminfrared
spectroscopy (FTIR).

Synthesisof thecompatabilizer

HDPE-g-DBM can be synthesized™” by thedis-
solution of HDPE in O-dichlorobenzeneat 120°C; 0.2%
of thedicumyl peroxideinitiator isthen added along
withDBM. Thereeactioniscarried out for 3hat 120°C
with continuousdtirring. Theproduct isthen cooled and
precipitated in methanol. Further, the precipitate ob-
tained arefiltered, washed severa timeswith methanol
and finaly rinsed with acetoneand dried.

Test samplespreparation

Polymer composites of HDPE, Cenospheres(Si-
lane treated) and HDPE-g-DBM was melt mixed in
variousproportionsat 270°C using Brabender (CMEI,
Model-16CME SPL). Thetest specimenswere then
mol ded using ahot press. Theamount of compatibilizer
added is expressed as the weight percent of
cenospheres. Thetest samplesare subjected to hard-
nessand wear testing.
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Wear test method

A pin-on-disc type of wear test set-up isused for
abrasvewear experimentswithapindidingover ahard
discfixed with 800 grade SIC paper. Thesurfaceof the
sample (Bmmx6mmx 3mm) glued to apin of dimen-
sions6mm diameter and 22 mm length and comesin
contact with a hard counter surface of HRc 62. The
test isconducted on atrack of 115 mm diameter hard
disc by sdlecting thetest parametersnamely, test dura-
tion, load and speed.

Thepinassemblyisweightedinitidly usngadigita
electronicbaance. Thetest is performed under aset of
identical conditionsby applying normal load (N) and
runfor aconstant diding distance at aconstant speed
of 200rpm. At theend of thetest, the pinassembly is
againweighted. Thedifference betweentheinitia and
find weightsisameasureof wear loss. Thetestisdone
on three repetitive samples and the average valueis
reported. Thefrictionforceat thediding interface of
the specimenismeasured. Theco-efficient of frictionis
obtained by dividing thefrictional forcewith the ap-
plied normal force. Thetest runsare conducted at a
load of 16 N and dliding velocity of 1.2m/s. Theexami-
nation of the samples subjected to slidewear testsis
carried out using scanning € ectron microscopy (SEM).
Prior tothis, athin layer of gold coating onthe surface
of thesamplesisdone.

RESULTSAND DISCUSSION

Thetribologicd propertiesof HDPE sampleswith
cenospheresat 3levels(10-30wt %) and competibilizer
at 4 levels(0-15wt% of cenospheres) have been ex-
amined for wear properties. Figure 1 showsthe FTIR
data of untreated and silane treated cenospheres. A
sharp peak at 2925 isrecorded inthe FTIR spectrum.
Thiscorrespondsto C-H, stretching mode of APTS,
indicating the existence of silanein thegrafted prod-
uctg9.

Wear loss

Figure 2 shows the wear loss (g) of the HDPE/
Cenospheres composites with the addition of
cenospheresat aload Of 16 N and sliding velocity of
1.2m/s. It isobserved that, asthe cenospheres content
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Figurel: FTIR spectrogramsof untreated and silanetr eated
cenospheres.

is increased from 0-30%, the wear l0ss decreases.
Compositeswith 30% cenospheresshowssignificantly
lower wear |oss compared to composites with 20%
and 10% additions. Similar results have been reported
by Aurrekoetxea et.al ™Y, It shows wood reinforced
polypropylene composites shows better wear perfor-
mancethan itsneat constituent (PP).

It is also noticed that the incorporation of
compatibilizer improvesthewear res sanceof thecom-
posites. Minimumwesr lossisobtained for composites
containing 10% compatibilizer. Theaminegroupsof S-
lanetreated cenospherescan react effectively withthe
ester group of the compatibilizer, thereby, anchoring
HDPE and cenospheres partic etogether. However, with
further addition of compatibilizer beyond 10%
(1.e.15%), thereisanincreaseinthewear lossvaueby
10% which might be dueto the saturation of reactive
sites. Thisfinding showsthat the addition of treated
cenospheresto HDPE contributed to theimprovement
inwear characteristicssgnificantly and asofurther en-
hanced by compatibilization.

Coefficient of friction

% Transmittance
5 &

Thevariationin coefficient of frictionwith varying
cenospheresand compatibilizer contentisshowninfig-
ure 3. Incorporation of cenospheresto HDPE matrix
givesraiseto lower coefficient of friction comparedto
pure HDPE. It is observed that, as the cenospheres
content isincreased, thecoefficient of friction decreased
irrespective of the presence of compatibilizer. Thein-
troduction of compatibilizer upto 10 % hasgoodinflu-
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Figure 2 : Weight loss versus weight percent cenospheres Figure 3 : Coefficient of friction versus weight percent

for different loadingsof compatibilizer.

ence on the coefficient of friction sinceitsvalue de-
creases. However, further addition of compatibilizer
beyond 10% resulted isdetrimental for wear proper-
tiesof the composites. Thesedatatrends are corrobo-
rated with SEM features and the sameis covered be-
low.

SEM observations

Figure 4(a) shows the worn surface features of
uncompatibilized HDPE/Cenospherescompositescon-

cenospher esfor different loadingsof compatibilizer.

(e) ;
Figure4: SEM photographsof wor n HDPE/Cenospher escompositescontaining, (a) 10% cenospheresand 0% compatibilizer,
(b) 10% cenospheresand 10% compatibilizer, (c) 20% cenospheresand 10% compatibilizer, (d) 30% cenospheresand
10% compatibilizer, (€) 30% cenospheresand 15% compatibilizer.

taining 10% cenospheresloading run for 0.345m at a
load of 16 N and diding velocity of 1.2m/s, whereinthe
highest wear |ossisrecorded. From thisfigure, itisevi-
dent that the debris formation is more compared to
sampleshaving higher cenospheresand compatibilizer
concentrations, sncethematrix isdistorted dueto higher
wear out. Thecompatihbilized (with 10% competibilizer)
counterpart [Figure 4(b)] for the above composites
shows alower wear |oss compared to that shownin
Figure4(a). Here, breaking up of matrix alongalength
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and lessdebrisformationisnoticed [Figure4(b)]. An
increasein cenospheres content from 10 to 20%, fur-
ther reduced the debrisformation asexhibited in the
SEM micrographsshowninfigure4(c). Inthiscase,
onset of shearing of thematrix isobserved along with
the debrisformationinthevicinity of thetearing points.
When compared todl, theleast wear lossisexhibited
by the composites contai ning 30% cenosphereswith
10% compatibilizer as seen fromthefigure4(d). The
compati bilized compositeshaveimproved matrix-filler
adhesion. Hence, theformation of debrisisaccompa:
nied by severematrix deformation indicating res stance
for theremovd of cenospheresparticlesduringwear. A
amilar observationisseeninfigure4(e) withincreased
compatibilizer content (at 15%) dthoughthedebrisfor-
mationisnow locaized. Theincreased compatibilizer
content hasinfluenced thewear processby way of tear-
ing of thematrix at different |ocationsand appearance
of grooving marksthroughout themetrix dong thewear-
ingdirection.

CONCLUSIONS

The tribological properties of silane treated
cenospheres/HDPE based compositesare dictated by
thefiller materid i.e., cenogpheresand a so the HDPE-
g-DBM compeatibilizer contents. Theenhanced interfa-
cia adhesion propertiesare seen for an optimum con-
centration of 30% cenospheres containing 10 %
compatibilizer, where as highest wear lossand coeffi-
cient friction are obtained for the pure HDPE sample.
Also, HDPE compositeswith 30% cenospheres shows
significantly lower wear lossand coefficient of friction
compared to compositeswith 20% and 10% |oadings.
All thewear and friction deductions are substanti ated
by the SEM pictures through worn surface features.
For low friction and wear applications, itisdesirableto
employ highfiller additionwith 10% compatibilizer.
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