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Abstract : Pulverized PAmkernd shell (PK'S) based
non-asbestosfriction materid for brakeliningswaspro-
duced containing fibrousreinforcing constituents, fric-
tion imparting and controlling additives, elastomeric
additives, fireretarding components and athermoset-
ting resin. Theresults showed that onset degradation
temperature of the PAm kernd shell based frictionlin-
ing material wasobtained at 53.84°C with final degra-
dation temperature of 634.87°C and percentage weight
loss of 86%. For the Origina Equipment Manufacturer
(OEM) lining materid in the market;it was observed
that the onset degradation temperature of 54.28°C with

INTRODUCTION

Thefrictionmaterialsused in brakesarerequired
to provide astable coefficient of friction and alower
wear rate a various operating speeds, pressures, tem-
peraturesand environmentd conditions. Thesefrictiond
material s must a so be compatiblewith therotor mate-
rid inorder to reduceitsextensivewear, vibration and

final degradation temperature of 583.57°C and per-
centageweight lossof 42.37% wasa so obtained. The
PK S based friction liningswere found to have ahigh
wear rateof 0.24pum compared to OEM lining material
with a wear rate value of 0.16um. The composite
formed from the pulverized PK Smaterialsasfriction
lining materia sshow good thermd stability when com-
pared with those obtained from the OEM.
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Keywor ds: PAmkerne shell; Frictionlining mate-
rid; Brakelining, Therma degradation.

noiseduring braking2?.

Frictionmaterid scan begppliedinautomotive, aero-
spaceand industrial brake systems. Friction materias
are chiefly composed of amatrix of polymeric blends,
reinforcing material, friction and anti-wear materid.
Phenadlicresnsor modified phendlicresnsarewel known
aspolymericmateridsfor useinfrictionlining materid
production duetoitstherma stability and thermosetting
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properties. Ashestosfiberswereprevioudy thepreferred
choiceasrenforcing materiasfor useasfrictionlining
materia sbut havethelimitation of being carcinogenic
and as such pose aserious health concern global ly"4,
Aleksendric and Duboka? studied the operationd life
expectancy of friction pads based on fiber combinations
wherethehigher wear res stance exhibited by compos-
iteswitharamid fiberswasandyzed by artificial neura
network. Thecompositiona effectsof sted fibers, stedl
wool, brassfibersand other metalicfiberswerestudied
by several researcherd®®?, Filip et a . reported on the
mechani stic attributeswith respect to thefunctioning of
thefriction materia swith regardstotheroleof friction
layers. Theseresearch findingsand discussionsonthe
performance of compositefriction materiasledtofur-
ther modificationsin the composition and faborication of
non-asbestosorganicfrictionliningmateriasespecidly
wherenatura fibersneedsto beincorporated. Research
activitiesaredtill ongoingtofind aternativereinforcing
materidsfor theproduction of brakelinings. Barites mica,
cashew dugt, fly ash, ceramicfiber, pulverized pdmker-
nel shell aresomeof thematerid sthat have been consid-
ered for useasfiller®®. Other dternativemateria sthat
replaced Asbestosincludeminerafibers, cdlulose, ara
mid, chopped glass, stedl, and copper fibers. Depending
onmaterial properties, discwear ratesvary. Theprop-
ertiesthat determinemateria wear involvetrade-offsbe-
tween performanceand longevity.

PamKernd Shell (PKS) issourced directly asby-
productsinpamoail production. Largequantitiesof PKS
are produced annudly and only somefractionsareused
for fuel and other gpplicationssuch aspaliativefor road
congructionin un-tarred areasand in the production of
activated carbon.

Theunused PK S are dumped around the pam oil
processing millswhich onitsown constitutesenviron-
menta and economicimpedimentsfor thepamooil mills.

PKSmust beground and pulverizedintofinemicro
particlesor particulatesto be suitablefor useinfriction
lining for automobiles. Thereislimitedinformationin
theliterature on the grounded shell particles, athough
thereislotsof information availablefor theungrounded
PKS.

Coefficient of friction of PKS on metal surfaces
wasfoundto beintherange of 0.37-0.52111, In con-
trast, friction coefficient intherange of 0.30-0.70is

normally desirablewhen using brakelining material*?.
It has been found™* that incorporation of PKSinthe
production of sructura light we ght concretesincreased
themechanica strength. Thus, PK S appeared suitable
for useasbase materia infriction composites, because
they are subjected to hard and variable braking forces.
Akporhonor et a.V reported that PK Sdid not change
significantly in physical structure and weight, for ap-
preciabl etime duration, when exposed to organic sol-
vent. Itisa soimportant that thefriction materia sex-
periencevery little or no changeson contacting vary-
ing environmental conditions. wet or dry westher, or
hydraulicfluid spilling over. Thesereportshave spurred
further researchinterest in consdering PK Sfor useas
frictionmaterid inbrakelining.

Frictionlining materid sand additivesaredassified
based ontheir expected functionsasfollows:
a) Abrasves
b) FrictionproducersModifiers
c) Fllersandreinforcements
d) Binder maerids

Abrasives

Abrasiveshelp maintain the cleanliness of mating
surfacesand control the build-up of frictionfilms. They
asoincreasefriction, particularly wheninitiating’ a stop
(i.e., they increase “bite”). Example is the Palm Kernel
Sdl.

Friction producerModifiers

Thesemateridslubricate, raisethefriction, or react
with oxygento help control interfacia films. Example:
Brass-typ. 62% Cu- 38% Zn; sometimesused aschips
or machine shop cutting dust, said toimprovewet fric-
tion and recovery, itisacommon additive.

(a) Carbon black

Cheap and widely-used; but therearemany forms
and sources, someof which can contain abrasive con-
taminants; burnsin air at >7000C, friction level isaf-
fected by moisture and structure. Inthiswork, the car-
bon used was obtained from theremains of burnt ve-
hicletires.

(b) Iron chips

Consist of Fechips, used in semi-metallic brake
pads; anumber of different particlegrades(sizes) are
available depending on requirementsfor surfacearea,
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light-medium-heavy duty vehicleapplications.
Fillersand reinforcements

Fllersareusedto maintaintheoverdl compaosition
of thefriction material, and somehave other functions
aswell. They can be metals, alloys, ceramics, or or-
ganicmaerids.

(a) Calcium carbonate

Badcdlyinert, but increasesdensity andmay adin
wear resistance, stableat high temperature.

(b) Calabash powder

They areinert particul atefillersused toincrease
volumeand aidinwear resstance.

Binder materials

Thebinder materia susedin thiswork arethe poly-
mericresins.

Theam of thiswork isto develop an asbestos-free
frictionlining materid for automobilesusng pulverized
pam kernel shell asbasefiller materid and spent work-
shop metdliccutting fillingsasabrasives. Thenew fric-
tionlining material developed will becharacterized to
ascertainitsthermal stability ascompared to commer-
cialy available ones produced by original equipment
manufacturers (OEM) inthe market. Inthiswork, phe-
nolic resinin combination with akydresin, hardeners,
rubbers, pulverized palm kernel shell, calabash dusts,
reinforcing and frictionimparting and modifyingfillers
(castironfillings, bronzefillings, and duminumfillings)
were used to form an ashestos-freefrictionlining brake
composdition.

While aguide to the percentages of some of the
constituting components has been obtained from the
referenceslisted in thiswork, the appropriate amount
of fillers, resins, hardener and other constituentswere
selected based ontrial and error iterations. The com-
position wastested for friction and thermal stability.

MATERIALSAND METHODS

Materials

Inthiswork thefollowing materid swereemployed
inthedevelopment of thebrakefrictionliningmaterids:
a) Calabash (Crescentiacujete)

b) Paimkernd shedl (Elagisguineensis)
c) Burntvehicletire powder (asgraphiteor carbon

black)

d) lronfillings

€) Brassfillings

f)  Aluminumfillings

g Phendlicresin(Phenol formadehyde)

h) Alkydresn

i) Cashew nutshdl liquid (CNSL)

j) Accderator (rubber solution)

k) Catdyst(DMP 30, 2,4,6-tri dimethylaminomethyl
phenol)

Methods

TheAdbestosfreefrictionlining materid sweresyn-
thesized usingthefollowing methodol ogy: A mouldwas
fabricated to generate disc shaped frictionlinings. 50ml
of phenol forma dehydewasblended with 40ml of dkyd
resin. Totheuniformly blended mixturewasadded 10ml
of CNSL along with 4 g of burnt tiresand the resultant
composition mixedwell. 25 gof PAmkernd shell, 69
of brassfillings, 4 g of duminumfillings, and 5gof iron
fillingswere blended into the mixture. Slowly, 4 g of
calabash, and 6 g of calcium carbonate were added.
On obtainingauniform blend, 5ml of rubber solution
and 3ml of trisphenol hardener were added. The above
ratio of phenolicresinand akyd resin gaveapot life of
10-20 min. The mixture was blended and transferred
toamould for compaction. After allowing themixture
to harden partialy, it was compacted in apressat a
pressureof about 200 ps to givethe shapeof themould.
The compacted sampl e was then subjected to apre-
liminary curing processat 60°C for 2 h after which it
was post cured at 180°C for 3 h in an oven.

Characterization

(a) Surfacecharacterization studies

Thefriction surfaces of the sampleswere charac-
terized using Optica Stereomicroscopy (ZEISS). Rep-
resentative sampleswere cut from thebrakelining pro-
duced and the OEM purchased from the market for
comparison.

(b) Thermal characterization of thefriction lining
materials

Samplesof theproduced frictionliningmateridsand
purchased OEM friction lining were both subjected to
smultaneousthermo-gravimetricand differentid thermal
andyss(TG/DTA) usng Smultaneous Therma Andyzer
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Figurel: Flow processfor friction-lining for mulation and production

TABLE 1: Physicother mal propertiesof thepulverized palm
kernel shell at 13% weight basis moistur e content

Property Mean value+ SD
Bulk Density (Kg/m?®) 560+17.4
Specific gravity 1.26+0.07
Thermal Conductivity (W/mK) 0.68+0.05
Specific Heat (kJ/KgK) 1.983+0.10

(STA-6000; Perkin EImer). The TGA procedure moni-
tored theweight of therespective samplesasafunction
of temperature. The purposeof DTA testingwasto as-
sesstheendothermicweight lossof eech materid sample
asafunction of temperature. For thisstudy, both thetest
procedureswere performed onasinglesampleduring
courseof asngleexperiment, withthe sameexperimen-
ta setup. Weight of the samples and heat flow were
monitored at the sametimeasafunction of temperature.
Both thesamplesweretested for thetemperaturerange
of 0-1000°C. Oxygen was used as the reference gas
during all theexperimentsat aflow rate of 20ml/min.
Both the sampleswereovendried prior tothetest.

(c) Wear test

The wear test was performed on atest rig as per
ASTM G99-95astandards. Each of thetest samples
was mounted on theload arm and pressed against the
rotating disc. Therotating cast iron disc hasaconstant
gliding of 2950 rpm and the duration of thetest was
40minutes.

RESULTSAND DISCUSSIONS

TGA and DTA resultsof thefriction lining materi-
als

TheTG/DTA dataare presentedin Figures2 and 3

and TABLE 2. Asobserved inthe Figures2 and 3, the
materid undergothreedistinct phasetrangtions, interms
of material lossand hesat flow behavior, asthetempera
tureisincreased.

Thetemperaturesat which materia trangition/loss
isinitiated areknown asonset temperature, andinthe
case of Figure 2 the three onset temperatures are
53.84°C, 270.40°C and 634.87°C respectively. The
cumulative material loss up to the first transition is
18.78%; cumulativematerid lossup tothesecond tran-
gtion phaseisabout 71% whilecumulativemateriad loss
up to thethird transition phaseisabout 86%. Contrary,
inFigure 3, the OEM automotivebrakelining materia
purchased showed thefollowing onset temperaturesfor
the three phases: 54.28°C, 237.14°C and 538.57°C
respectively and weight loses of 6%, 27% and 42.37%.

Thelimitsof heat resi tance and strength of thefric-
tional materia aregoverned largely by the heat resis-
tance and strength of theresin binder. Thetemperature
achieved in high performance braking systemsishot
enough to decompose phenolic resin and similar or-
ganicsby hightemperatureoxidation. Thephenolicresn
first chars, which meansit is converted to carbon ac-
companied by weight loss and then wearsdown into
carbon dioxide.

Theoverdl char contentislower for the OEM fric-
tion lining materia ascompared to the PK Shased fric-
tionlining materia produced. Themateria transitions
observed areendothermicin nature and mostly reflect
thephysicd transformationsin termsof volatilematters
escaping thebulk of the PK Sparticles. Asvolatilema
terialspresent in PK Sarenot expected to play amgjor
roleintheoverdl friction process, they may besuitable
for being usad asbrakeliningfiller from aPhys cothermd
point of view. The PK S based lining materid produced
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Figure2: TGA/DTA reaultsof theproduced PK Sbhased friction lining material
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Figure3: TGA/DTA resultsof thepurchased OEM friction lining material
TABLE 2: Onset degradation temper ature, final degradation temper atureand per cent weight lossof thefriction lining
materialsevaluated under activeatmosphere
Onset degradation Final degradation Per cent weight Residue after final

Sample temperature (°C)? temperature (°C) loss (%) degradation (%)
PK S based material 53.84 634.87 86 14
OEM materia 54.28 583.57 42.37 57.63

@0nset degradation temperature assumed to be the temperature at 1% weight loss.

ismorethermally stabled when comparedtothe OEM  indicates agglomeration of the PKSinthe composite
liningmaterid. matrix.
Itisclearly shownin Figure5 that the PK Sfiller
. ] . materid wasnot wel| dispersed inthe composite matrix
Figures4and 5 show the optical micrographsof -t the PK Shased friction lining. Thisisdueto manud
the OEM friction lining material andthe PKSbased  ethod employed during the mixing and compounding
frictionliningmateria produced. InFigureS, thearow ot tnefrictionlini ng.

Optical stereomicroscopy results
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Figure6: Timevs. wear for PK Shased brakelining
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Figure7: Timevs. wear for theOEM brakelining

Wear test

Thewear test resultsare graphically presented in
Figures6 and 7 bel ow for thePK Sbased frictionlining
material devel oped and the OEM lininginthe market.
ThePK Sbased frictionlining materid wearsfaster when
compared to the wear rate of the OEM lining when
tested using the same speed, |oad and duration.

CONCLUSION

Thiswork has established that:

e Pulverized Pamkernel shell (PKS) particlescan
bewd | suited for usein brakeliningsformulations
when properly combined with other additives.

e Burnt vehicletirescan effectively supply the car-
bon black content needed to boost thefrictiongrip-
ping of thelining materid.

e PKShbased brakelinings were found to be ther-
mally stable enough not to decompose at typical
braking temperaturesand durations.

e ThePKShased brakeliningshave high char con-
tent ascompared to OEM brakelinings.

e Thewear rate of the PK S based brakeliningsis
high ascompared to OEM brakelinings.
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