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ABSTRACT 

Pahn blmel activated carbon (PKAC) found that beoome one of the potart!el self-lubricant 

materials. Aarfcultural wll81e3 would beprefemd for1111e lb lldlva!ed carbon ln.duSU!es since 

they mi both cost effective 8lld enviromnai!Blly favourable. In Malaysia, b:u,ge mnount of 

pahn kernel is producing as agricultural wastts. low friction codlicient, palm knit:! 

activated aubon Ninfon:.ecl polymeric CO!llposite am replace llXiRing high-cost industrial 

self-lubricated materials. In this project tho effilct of immersing in diffmmt typo of 

vegetables oil on pbyaiw and DlOC'hmical properties of pelm kemel activated asrboii 

reinfo~ wilh polymeric composites was invelitigaled. The composition of 60%, 65% and 

70% of tho weight aclivld.ed c:arbon was re~ with dM! po~ miin and compa~ed 

into a dio at lO<tC with 122Skl'a inssure tbr 10 minutes by wiillg compaction technique. 

Throe typo slMipo p:epiiod whim is disc, pin and bone for condw:ting of tensile (ASTM 

D3039 I D3039M·17). ~pression (ASTM D 6641). hardne!IS (ASTM D2240-1Sel). 

su:rflllce ~ demity, porosity 1111d water absolplion (ASI'M DS70-98(2010) el) tests. 

All the test ~led before and after immersing in lbe types ofwgetables oil wlili:h is 

soybe&ll. pahn, and com oil. The 60% sample had die most excellait propaties lD. ~of 

hmdness, ~ rwP:n~s. 1eDsile and ~ Immeniag in diffi:i:qit types of 

vegelllbles oil sive sllgbtly dltfmnce phys:!Clll lllld medianloal p1q>ertle11 of the oomposltes 

competed to before Immersed. 
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Lzrho11 abwliti i6irong lr.tklpR 111mit di4upati ~Rdi 11Q/ah tlllrl hallan )'llllg HrpoteMi 

nhRg<ri pelrnw 8rndiri. K(lgrD1QQ11 Dahan butulgm ha.JiJ dari pman#ln 1MmlHrri 

keuntwtgan daJam intlfutri alaivatJI kari>on yang mm1t1 la kbfh ekonomt dalt tMna a/am. 

Di Ma/ay&ia, hanyak irirorig kelapa sawil ynag urhtail .rehagai bahan buangan pertanian. 

DLtehabkan okh pdalJ ge.tertt1t mll.kJh, brhon alrltvatl lllrrmg kelapa &aWtt dlperbtatlr;m 

dellgan h:mq)()!!ft po/1-bokh melfggrl1llilra bahan ~lbtcir ttmdlrl yang 86dJa ada daJam 

hftlwmy }'llllg mntp1111J1Q1 .bi.! yang klrlh ttnggl. DI daJam projel;lld, h.tan iWtelah dJrentltzm 

dldaltzm bebuapa jtlf/4 lllillyGl tlfl.J'UJ' terh.atlt:rp klD'fxm akttvall b!Ji ktlapa aawll yang 

dlpolAiOlkan "'"'°" poltJMr ko:ttq»stt telah dija/anJ:an ldfan tuhatJapnya. Bel>erapa 

lamy>08181PKAC1q>ml 60%. 65% Jan 70% dml butzt ailtMI MrlH>n dlpubiat1ran dtngan 

damarpollmer~ dldalam acuandandlpaniukanpada 100 daffah Ctlshu serta 

1215/cPa tdanan n/ama 101lllnlt tlengan ~ telatJJ;pemad«1111. 'Iigajenls bmlul 

yang dl.redtalran bagi mencqpal objelitff projd inl 01'ltat'tl1TJr1 adaJoh cakoo, pin dan 

tukmg.imtuk 1M1rj'1lllnkml uji(lll tttgangan (ASTM DJOJ9 I D1039M-17), ~ 

(ASTM D 6641), ke'kera.mn (ASI'M D1240-15el), ke'kmatvzn permsllrtuai, ktthllftpalwl, 

kttliangan dan pertye:rQJHlll air(ASI'M D570-98(2010) el). ~ ujian )'Q1lg dtjalank.an 

ttttma8fl nklum tlan ""'- ditWam tiga jmia ~ .JllYlf1' ""1at'<RfY'l ada/ah kactifJg 

llU)'Q,ktlapa .JaWil dan jRgrmg. KoR'lpt)Hilfi 6C5 dUkrpati nbug<ri )Kll1g teriHlik "'1lt1M ujUul 

~Q.11,, ~ ~ k:teg""1Jllfl dan ~ Mnvndmn "'1/am 

babuapajeni!J minyt.lf: aayw-berikzn aetliJcit perubahan dD/am ciri-cirifizikan dan 

meTranili:Al Mmpoait jU:a dibandingkan dengan te~l-diTendam &dakmt mtnyok Sll)llD'. 
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CllAPTER.l 

lNTRODUCllON 

1.0. Badrgroud or 1t11cty. 

Tnl>ology is science of fiic1ion, wear, and lubrication. The word of trfbology is 

derived from the Greek word t1ibos which meus nibbi113 alld ftlc!lo11. Trlbologlcel 

invmti011B are limned within time periods nmging from tho pnllhisto:ric epoch (1ho stone ap) 

to 3500 B.C., when <JDe ofllu:: first Q111DPles ofttibologicel app&lliom was the gencnllion 

of fire by f&tion betwem two pieces of wood.. The lribology named officlslly arises ft\lll1 

Jost Report. Tn'bology is 1ho sciellce and tec:hnotogy of interacting sun- in n111ti.vo 

motion and of the piictlees related thereto. (J'Ol9t, 1966), blit triboloSkal concepa. as for 

instance the way to reduce tiiction using rollillg elem.l'll!ts and lubricants, -much older than 

indw!Uy (Frbc: et al.. 1997; Dowson. 1998). Tribology is highJy inlerdi:K:iplinary i:nvolvillg 

many ~h fields as physics, m.a!l!em•N:s, dlemistry, mataials science and aigincerin&. 

and therefON «lllll.,...ing basic md applied seien<:es. 

Fric:ti.oniswhentwosurtli.:esmem•kingoontacttbatproducoenergy,hea:t,mdmake 

the surflll:e wear. The application of lubmaUoa. is to improve energy eflic::iency and 

mechanical reliability. Previous tnllology reseatd1 has yielcled some promising wear-c:.alllrol 

medtods, su~h as film eoating. multi.·phase alloying. and eompos:ite stmeturing, as well as 

lubrication. CTuhlr et al., 2015). Solid lubrlcet!on, 011CO con.eldered an «rt form, has evolved 

into m impollantpartofmamials 9Cienceand ~Fora lcmgtimo, companies have 
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used solid lubtil:«tlng maleria1.$ to adlleve low friction and weer under a variety of 

eondi!iona. Bllhanciug tho tn"bology perfonnanc:e of solid lubricmrt lll.lltmiala will 

slpiflc.mtly ~oe cOSl8 while also aihmclll,g Che ef&lency of 1he machlllhl,g melhod. 

(Shankaret al., 2017). Cad>on has spmbxl the most inltftstamong solid lahricams because 

ofits uniqw;propeltU:s. ~bonexists in a vmictyofways, each with its own set of p1opertl.es 

based on 118 pelt!cular struelllre (LeU!ngton, 1998}. 

Palm kemel 8he1ls QO!ltalnlng bJ3h carbon (S0.01%} ~be Wied as a p:t«4100< to 

produc;o of actiftted. (Mak « al., 2009). Physical « chemical ac:tMtion ea:rbon may be 

modified to prochioe actmdecl carbon with high porosity and sudiM:e 1m1. (Hado1m et al.. 

2013). ActiVD111d auboa is a caiboaaceous substance that is mostly amorphous in ll8lUnl but 

ch:velops a high degree of porosity during !ho produmon md 1retbnent ~'· Every 

acti:vattd carbon has a memory that is illflaalced by eie so11111t1 and the conctitiom of 

prepmlllion. (Guzel F. and Uzum I. 2002) Almost any carbonaceous material can bo used to 

mllh: activatedcaboa. Apil:U!lund W'W11, m llie odil:t hand. ~tbe motlt midily available 

and loast expel!Bivo of all known rawmataials. Since ac1iuted cad>on is a cheap adsolbalt, 

it is ~only used (Joshi et al.. 2013). In dlis industrial llm)lu1ion 4.0 en, enviroamellllil 

pollution became an issue with a great impact <lll social commitment in the last ye-as, the 

nc:cd md demand for activated cmf>on8 is growing continuously. Because ofits low frimon 

coefficient. palm bmel dvaled carbon relnfurce.d polymeric compo.slte has the ability to 

rqilaco existing higb-ccst indwJlrial self-lu.bricaled m.atmals. At various~ and 

loads, palm kemel .VVatecl l:.lllbon mnfrm;eci polymeric QOlllposite has good Vibological 

properties with high friction resistance and.low wear rate. (Mat Tahir eta!, 2016). 

2 



1.1. Probkm ~-.. 

The proj~ edge or rim 011 lhe clrcumfaaice of a sll:el wheel 1hat ls~ to 

hold 1ho wheel on a rail is NMied to as a flange. When transporting loads between fu!:ed 

l~ Ql1 a i:q:u1m: bas:is.111il tnmsparlatiOD wi1h ~wheels is ideal. Loids may be 

m.aclti up af individuals, raw materials, or finished goods. Me1Bl tracks provide low-friction 

movement. hi8h·loacling capability, and long·tam durability. They are often self~Dlai:ned 

and do not need the assistance of a driver. The wheels on a car or a shoppina cart require a 

diffimmt level of precision and design than flazJgecl. wheel rail instailalions. To provide 

lndiOD on flat ~s, rubba or plastic tyres ate made ti:om sofla' mllerials. Mellll wheels 

wed on tracks, OD the other hand, depend on p:recise geomdly and en,gineering to stay OD 

~ 

Since the forces produced by comact betwem wlw:el and rail are dt.pt.ndent on the 

fiietion (or c:reep foo:e) ~es, liiclion eonditicms bcitween wheol and mil play an 

impo1111nt role in 1:e dynmnie aeliOll. For climbing a slope or bniking near • stalion. for 

ex.ample, a high coefficimtt of ftiction (COF) is necessary. High COF, on the other hand, is 

not de&nible for a elll' passing 1hrough a tiglit eurve beeausc it causes hdcnl fusw squeak 

noises and rail oorrugation.(Tomeoka a al., 2002) 

Friction ~l between whed md rail has been used for many yeas, with sand 

beiag used to help a !OC>Omotive climb moua1alll,. gttaSe lubricant bdoi used In ti3lrt curves 

to avoid oonugation or wheel-flange weer, and so on. However, even whm using these 

~. COFmay be seUo ahighor low Jevelinastep-likcJMnneir. Toolowortoohigli 

a COF causes wheel or rail prdllmn.s, such as making skids, S!ation owrnms, wheel/rail 

wear, and ~n.(Tomcoka et al,. 2002) 
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The beat pierated Ill the co~ Z(llle between a wheel and a rail, es well es the 

inc:reased mnperature of tho woding swmce.r, ~ changes in tho il1rW:ttn and 

mechanical. propaties of worldn& bodies. It ~ colllact sur&.ce WQlt, whldl. IXllllributes 

to wheel flan,ge and rail pmll.llttl!f; filihue. ~et al., 2011). The aim of lubricating 

the comact bctvieen the ai:tive nill gauge_. md the wheel flange is to minimise wheel 

and ni!l deWiofatlon and thus wear. It must also ensure protect!011 by reduclns fiiot!on in 

eurvos1opPJVent whoel lift and, as a mult, derailment. (Desc;a:rtes eta!., 2011). One of tho 

ways to red11oe wear ptWeSBeS of SU1filces m the flanp roa1act Is the appllcalion of 

lubrication devices forworting sarfilces. (Spiryagin etal., 2010) 

1.2. ObJeetlve. 

The objective oflhls Btudy Is: 

• To study physical and mechanical properties of Palm Kt.mt! Activated Carban 

(PKAC) before 111.1d after immmion in di&eut type of vegetable oil. 

• To study the appllcalion of PKAC as soll4 lubrlcant for wheel flange railwf;)'S. 

1.3. Scope. 

The S1Udy coven ilie physical. and medlanical properties of palm kanel activated 

~(PK.AC) bef~ and 111\a: immming i:n diff'emit types ofvegctabWs oil. Hil1:dness. 

Blll'filce raughn.ess, clensi:ty, weight, porosity, tmsile and comllft68ion testwmi: candacted in 

order to observe the effoctof vegetables oil to PKAC. Miiking ~of their phipaties 

betweeft boCh before and after fmmm!on lll 'ftSetables oiL 
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1.4. GoeraJ Metlodology 

a. ~review. 

Collec:t information trcm previous S!Udies joumal, a11icle, book and any n11ated 

iefmni;e about die p:rojlXlt. 

b. Sample p!qllll'llliOD. 

Dlso, pin and bone shape with compollit!on of70%, 6S% and 60% ofpelm kt.me! 

iu:tivated cmbon (PK.AC) mixed with epoxy and hanlener going through 

moulding pm;ellS by usio,g 1;Q111pldiag 1e1=hnique usio,g hot pn:ss m111;:bine w.ilh 

l 00-C of tempeni:ture with pressure of 120k:Pa.. 

c. ~rim.mt. 

Tho &pe1iwent will focus oo physical and mediull1:11l piopwties to.st su~ as 

hlll'dness, sudlKe roughness, density, water lbeorptiw mid porosity fur~ 8hape 

sample, tewiile for bone shape ancl CQlllprMsioll for pin shape sample. The 

expcaimeat eonduet befote 11111 after immmiDg in diffc:rent type of-.egelabks 

oil, which is palm, soybean, and com oiL The duration af immersion is 24 hours. 

d. The«ls wrllillg. 

A comple!e thesis will bo wri:ttm including all the data and results fi:om 1he 

expaimeat.. The gaiaaJ. mediodology of1his smdy is simplified in die flow diart 

as shown in figure l.l. 
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LITERATURE REVIEW 

2.0. llltrodaetfoa. 

'Ibis c.bq1er revlem prev:IOU8 rese sn:h and study ob1ained Dom vatiOll& solllQe !Rich 

as joumals. articles. boots. 811d web si:tlls to find infonnstion R'ilated to 1his &IDdy. Tho 

jAUpose of this c:hlpter is to c;rcatc a guideline &om pn;vious study to <:001pletc this final 

year project The lnfo:rmat!on colleo!ed 1*led on 1he objeotlvel oflhll S111dy. For fnstanre, 

tho infunna!ion about tn"bologillll studies, solid lubricant, and PKAC an1 llQCjuired to aehieve 

the objectives. 

This ch.apter is organized as fullows. Section 2.2 describes oo m"bological studies. 

SediOD 2.3 about solid Jubricrmt while semon 2.4 explaining whee! flange Jubrieant. Semon 

2.S continues with Palm Kane! Activated Carbon (PKAC). 

2.1. Tribology tt.lfy. 

Tribology meus lhe CODlrol and DlllllllgCmmt of fiic1ion and we.v, w~er it 

ocairs. H.P. Jost, dlairman of a group of British lubrX:mion engineers, coined the mm in 

1966 to ~ lhe sc:ielllific and tedmical disciplines QODCC!Ued with 1he study of 

ftiction, wear, end lubrication phenomena.. However, the word tri.bology was 1111firmD!!I!' to 

many people- to some in science and engineering since !he 1990s (Blau PJ, 20011). Since 

7 



the time of Aristotle (384-312 BC), the tqrlc of liic1ion and ww has piqued the inta'e8t of 

nnoW11ed S(:ienrists, Only un!il tho enoonous lmakthrougru th.et followed tho industrial 

revolution in the early 18111 caitury did we get a lrue gresp of wear and :fiic1ion ~s. 

Tribology has a strong 1iDk to long-tam sustairulbility. By producing mviron.o:lmally 

friendly Jubr:icals, it em inemlSi:ogly C>OOlr'l.oute to energy savinp. pollution mhM:tion. and 

reduced tiictlon and weer lo&'leS. (Tmnalds et al., 2012). lnvestlgaiions In n:umerous natiolls 

havo quan1ified and en1D1oia!ed tho benefits of1n1'ology, particularly sustainohle tn1'ology, 

the most fUIOWll.ed ofwhk.b Is the Chineee lq)Ort (Jost HP, 2010). The enormou& potell1ial 

tor ocmomic and enviromnemal adVlllltagllS around tho world danons1rates the relevance af 

1n1'ology in lowering global oarbon emissions. In the mslm of m'bology mu:! surfiu:e 

aigln.eeting. certain advanced llflW08Ches are now beln,g employed to ckaease friction and 

wear to the bme minimum. (Naj11, 2017). 

2.1.l. Trfboloa i. wleet flange. 

In the scrvi.:e Jll0"3S of wheeJ md rail inlmlclion. it is ~ ~ dlllt 

railway wheels and rails experience 8Ul'filce damage suc:.b as wear and rolling contact fatigue. 

The jAUpose of lubri~ the c:ontact between the active mil gauge ~and the wheel 

fian3e Is to reduce Vlhed and rail degtadat!on and therefore 'milt. It mast also wure safety 

by mjnjmjsi.ng ftiction in curves in order to lll"Velll wheel raising and, as a result, derailmatt. 

Although rail &lld wheel lubricalion 1111d malerial. imi.:ovemaus have signffie4Dtly redlu;ed 

the wear nite of both ela:nems, wear may still be a significmtt issue, patticularl.y in high 

1i:eight railroads, sha.!p c:urves, aud in the event of lubrieation fa:ilure. The wst of rail 

melnlll!Mmce Is largely aocowrted fur by the weer of the 'Wheel fum,ge and rail ~ 

(;O?!!et.(Tin et al., 2011) 



The heat i~ In the QO!ltact Z011e between a 'Wheel and a rail, as well u the 

inc:reased mnperature of tho woding swmce.r, ~ changes in tho il1rW:ttn and 

mechanical. propaties of worldn& bodies. It ~ colllact sur&.ce WQlt, whldl. IXllllributes 

to wheel flange and rail early fililure. (Spilyllgin et al., 2010). The loss or displacement of 

material from a cootac:ting su:rD.;e is known as wear. Debris em be a kind of material loss. 

Material dlsflacemem can occur as a result of adhesion or local plalltlo defurmalion of 

material liom one surtiiceto another. Thet\HU~a varie1y ofwearmocbanismsthatcan oocur 

between ~tactin3 bodle$, each of which rewlts In a variable rate of wear. Mild weer and 

BllNfft Wlllll' are the most basic classificalions fortbe many types of wear th.at result in varied 

wearrales. Mild wear h:avesasmooth swfac:e, whi:chis typkally smoodlerlhan the original. 

Severe wear, on the olher 1-1, mullll ill a roa,gb sur1ice that is oft£n hmher th.en the 

original.(UlfOloflllon et al., 2013) 

Abalsive wear caused by hard pilliclell between the ooDllletina S\ll1ices oan al.so 

cause significmrt wear and nlduce the lifil of tho contacting bodies (N"tllison et al., 2006). 

Abnmve wear is damage to a component surlili;e ellUSed by the motion of either harder 

asperities relative to that llUl'filce (two-body ahrasivowear)or hard particles ll'appod ~ 

the wrfaoes (drrce.f>ody abnisive wea:r) (F'igure2·1 ). Such paticlei ~d h&ve been injec1ed 

between the two softu ~as a oonl!llnlnant trom the oU!slde world, or they may have 

grown in situ by oxidation or anoth« chemical or mochanical process.. 
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Twe>'body abrasive wear 

0 

Three-body abrasive wear 

Twe>'body abrasive wear, with embedded particles 

Figure 2-1 :Abrasives wear mechanism. (Roger Lewis & Olofsson, 2009) 
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Figure 2-2:Wear rates ofR8T wheel material versus slip(-) using a twin-disc 

rolling/sliding test. (R. Lewis & Dwyer-Joycet 2004) 
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Figure 2-3: UIC60 900A rail steel wear map. (R. Lewis & Olofsson, 2004) 

As illustrated in Figure 2-2 for RST wheel material, the three wear regimes indicated 

above were observed during rolling/sliding laboratory experiments on wheel and rail 

materials. A map, such as the one shown in Figure 2-3, is a suitable way to represent wear 

data. A wheel-rail interaction is depicted on the map below. (R. Lewis & Olofsson, 2004). 

Using R7 wheel material and UIC 60 900A rail material, wear data was compiled using a 

combination of twin-disc and pin-on-disc testing methods. The map was placed on top of 

some expected wheel-rail contact circumstances. The wheel tread/railhead contact, as can 

be observed, is in the mild to severe wear range, while the wheel flange/rail gauge comer 

contact is in the severe to catastrophic range. This corresponds to what has been observed in 

the field. In the contacting zone of a wheel-rail contact, both rolling and sliding occur. On 

the track side of the railhead, there can be a significant sliding component, especially in 

curves (gauge comer). Wear develops in the contact as a result of this sliding in the weakly 

lubricated condition that is typical of wheel-rail contact, as seen in Figure 2-4. In the case 

of sliding wear, an increase in the severity ofloading (normal load, sliding velocity, or bulk 

temperature) leads to an abrupt shift in the wear rate at some point (volume loss per sliding 

distance). (Ulf Olofsson et al., 2013) 
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Figure 2-4: Form change of wheel and rail over a two-year period from the Stockholm test 

case. (Roger Lewis & Olofsson, 2009) 
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Figure 2-5:Creep curves generated by twin-disc testing. (Hardwick et al., 2014) 

Controlling longitudinal creep or altering the friction level between the wheel and the 

rail can help improve wheel-rail adhesion. The link between the adhesion coefficient and 

creep is depicted in Figure 2-5 by the creep curve. Controlling the creep can help achieve a 

desired adhesion coefficient, depending on the demand. If the contact is polluted and a high 

level of adhesion is required, the creep should be carefully managed to achieve the highest 

adhesion coefficient, which is the saturation point in Figure 2-5. This is normally 

accomplished in the car using a slide control approach. (Andersson E, Berg M). The friction 

coefficient, on the other hand, is a critical element in determining the amount of available 

adhesion. Because of the high sliding speeds and heat generated at the interface, if the 
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friction coefficient is too lowt the wheel will tend to slip under acceleration or lock under 

hr.akin.& causing damage to both the wheel and the rail. Excessive wear can also be caused 

by excessive friction. To keep the friction coefficient between the wheel and the rail at an 

acceptable level, friction management can be used. Figure 2-6 depicts the optimal friction 

coefficient for heavy load transportation. In order to obtain a target friction coefficient, FMs 

are applied to the wheel-nil interface. Acoording to (Kalousek and Mage~ 1997) they are 

divided into three categories: 

• low coefficient friction modifier (LCF)/lubricant in the wheel flange/rail gauge 

contact. 

• high positive friction modifier (HPF) in the wheel tread/railhead contact 

• veiy high positive friction modifier (VHPF} for locomotives. 

0.25<µ <0.4 

Figure 2-6: Ideal friction coefficients in the wheel-rail contact for heavy haul traffic. (ZhUt 

2011} 
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Solids, oils. and pases can all be used to make I.CF. When the 1l'aln enters a CllfVe 

and the 'Wheel-rail contact switcbos trom 1he railhead/wheel tread to tho rail gauge/whoo! 

&lige, 1hese hlbrlc«ats are frequently 81JP1led to 1he hi-nil. Because die co~ QOlld.WODB 

'bmi!Cal the wheel flangi1: and the niil gauge m: so harsh, I.CF reduces the frictian 

<:0effieiem, minimising wair and noise. However, because frietion levels in this 104:Blion 

must be kept relalively high. it Is crit!oaJ that 1hese LCFs do not migrate onto the N1llh~d 

Solid LCFs havo an advmrtago run becllllse a solid coating foam on 1ho wheel fumgie and 

rail g8113e. The ~es of rail lubricant& ill 1et'ms oflowerilJ3 the ftiction coefficient are 

do scribed. in this alticlo (U. Olofsson & Telliskivi, 2003) from filod measunmmm and 

(Slllldh & Olofsson, 2008) :from lllbomory tests. 
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2.1.1. Tribology in bnke system. 

Every day. nearly a million brake systems are made around the world. Calipers, discs. 

pads, and a variety of other devices fall under this category. As a result, their development 

is of great economic importance, particularly in terms of cost and durability. In the 1980s, 

many countries banned the use of asbestos fibres in brake pad compositions, ushering in a 

new era for the development of automotive brake pad materials. Asbestos fibre has a great 

resistance to mechanical, thermal, and chemical stresses, and as a result of these properties, 

it was a common component in brake pads. It was phased out for health reasons, and other 

substances had to take its place. The main requirements for brake pads are maximum 

coefficient of :friction, a stable coefficient of friction (no immoderate fading; no variations 

under constant conditions). a minimwn wear rate for the pad and disc. a minimum of 

aggressive wheel dust. stability against noise generation and other vibrations (squealing and 

judder) and low costs. 

~disc 

~ 

mean friction 
radius 

LAYSI 

frictio n 
force 

Figure i.. 7:Technical disc brake, principle and frictional force. (Ostermeyer & Mnller, 

2008) 

The general operation of a technological disc brake is depicted schematically in 

Figure 2-7. To apply the greatest feasible braking torque to an axis (rotational frequency V), 
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brake pads are pressed aaaJnst a disc (C(llll1eo:IU to the axis) with the ll(lllllll! ro~ N. The 

friction forte R between the pad and the disc aeates a brake torque M•Rr (where r is the 

me«0.1tlctlou. radlwl). The :fimclioll. of1he brake causes climpi ID. bC'aldD3 torques md olha, 

mainly Ulldcsinlble, efltcU in a very complex way. N<mtheless, attanpl5 have been made 

on numerous °"'1Sions to explore dK= medumiclll and 1hennal pbmomena relating to the 

dynamfo behaviour of the dlso, pad, calliper, and other devlcee. (Ostermeyer & Mllller, 2008) 

Wear debris is <:nllted when the bnike pad material is pressed on the hrake disc. In 

theory, two seaiarlos sre post!lble. First. only the soft malrix II lb contact. Tb!.$ ls solely the 

case for 'green' pads. Second, there is also contact betwem illhomogenei:ties and the disc 

(genml1 c:ase). Wev pil1icles pms 1hrough the ~zone of the bnike pad. When die wea;r 

particles reach the rim of the conlut zone, a portion of than stick to the b:rakt; disc and tnm:l 

back into the contact .zone after om: rmilution of the disc. Anolha portion is released into 

the env!romnent. When a SK>:z per1icle er similar hard lnh(Jlllogeneity readle$ the sw filce of 

tho hrake pad due to wear of the polymeric matrix, two essential processes occur. First, the 

paltil:le is timJed into die polymeric m8'rix due to the inm:ased wear me of die polymeric 

m.ldrix oompared to the hard particle. Second, the 1low of._ particles in the bouncls.ly 

layer is disrupb:d. The loeal. taDpenitlR will rise as a R'SUh of the inm:ased local nonnal 

and tanaemlal str nee In the patticle's aurro1111dlngs (081am.eyer &. MOller, 2008). 

For a long time, industries have used solid lubricating materials to achieve low 

friction and wear under \'lll)'ing oonditioru. Became of their unique ~ and 

pbyslooobemkal properties, molybdennm di.sulfide (MoS2), tunasten dJsalftde (WS2), 

16 



hexagonal boron nltrlde (HBN). and borldes (M3Bi an.cl ZDB:i) have been used as lubricant 

additives or as S1rongly bonded protective eoatings deposi!:ed by ad'Ylll!ced vac:uum 

proceelltS. These matel'iaJs form a protec1ive mm. to keep ltlcllon palm qart for improved 

fri:tion redaction and weer rcsi1111met; pcrfurmance. (Mitdlell, 1984). Because of their low 

sh.cu slmlgth. SOJD1; soft metals. su~ as Cu, Ag, Sn, and Au. are used oo sliding~' as 

lubricant additives or as soft me1alllc films to provide low fiict!on coefficients. (Zhou et al., 

1999)&{Vermaetal~ 2012). However, when compared to other solid luhriemrts, =hon has 

splll'bd die most lntet'ellt due to b e~naJ propel1ies. Carbon ~ In a variety of 

fOrms, and lbe properties of each form an1 dell!nninecl by its lllliqae 81nlc1lll'e. (LciUington, 

1998). Thi* various c:ai:bon forms have been studied for clocades without exhmsling their 

wonders ancl challe!!aes. 

Due to their outstanding physical, medlanical, b:iamedical, and 1ribological 

ptoperties. dimnond·like embon fihns are die most promising carbon-based prob:Wve 

ooatfn&11. (Qd et al, 2014). Slgn!fioant P'08tellS has been made ln 1he development and 

unders1aoding of DLC in recart years. allowing it to bec:ome one of 1he most promising 

engln.eerillg ~ for a variety of lndus1rial appllcalioM such as man~ 

traruporta!ion, microelec:ttoni'5, and biomedical fields (Bewilogua & Hofmann, 2014). 

~ 2<J04) n:viewed the i:adlis1rial. and medical 11pp~011S ofDLC <Xl.l'ljg,p.1akio,g into 

accoanUhe:ir low friction ccefliciem, high wear resistance, and biological inmtnoss, and also 

discussed die JiiaiOll. medumism conMDjng the ~ tmllsfer layer Ullder various 

expa imtmal 8dDpS and lubrication condition.s, whmes (Donnet & Grill, 1997) praemtd 

an overview of1he biomedical d!aracteristics. Finally, (Kalin et al, 2008) illvestigated.1he 
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bolllldary lubrication behaviOlll' of DLCIDLC and doped-DLClcloped·DLC colllaC18 

lubrica1ed by oils with e:xlnmo-proaure (EP) and anti-wear (AW) additives and cooeluded 

1hat DLC/DLC ~ had the lowest ffiction wi1h oils md lhe hJ&b,est :liic1ioD usln,g oil 

with an EP additive, and also cmcluded that 1he hydrogen conmrt in DLC coatinss plays a 

<:roeial. role in the tn"bologieal performance Ulldcr luhrieatcd and DOll.•lubrieatod c:<lllditi:om. 

(Dannct, 1996) c.ampared the friction behaviour of two types of solid lubricams (puni: 

MoS2 and hydrogenated DLC) &om a~ l'llllge of loss than S xl08 hPll to atmospheric 

air prej!Burt and discovered that the friction coefficient ofDLC lnc:reases ~ less than 0.01 

too.IS as thaprell!iln ~from ultrahigbvacuum 1o humidambilllltair. Tbissusgem 

that DLC c:ould be a viable Wlldidate fur use as aoovel solid lubmal in~ applicaliOllB. 

Maintainin,g reliable and acairate opendion in low eal1h orbit (LEO) °' innl!I' space is a 

diallenge for artificill satellites and ~ equipped with 'YMious moring m.c:diani.c8I. 

assemblies (Tllkano, 1999). 'Ille triboloaY teolmiqae has been a key filctor In spaoe 

exploration, particu1lllty the effiJc!s of space mvifollmmrts on lubricating ll1.ll!el'ials, due to 

lhe oontDmous improvement of mtu:bine elemem:s over the last &w del:ades. The ~ 

mvironmmrt is vastly differmt from 1bat of Earth, with a high V&CUlllll, tempera!ll!M fbat 

flue!UIW between -120 and lSO •c due to !he influence of snnliglrt. and harsh space 

!m.dlstion. 

D:nct contact betwem matanic surfilces in such harsh envirown111118 would l"1lllh in 

high fiiclion md wear due to seizure or c:vcn cold welclio,g:. wliich could easily in1liet fillal. 

damage on satellites and spaceaafts with no possibility of repair. Protective CMtinp are 

<:ritieal because they Qlll keep moving surfaces from m•king dim:t oontut. A!s a miuh, 

S1Udylng the phy111ca and trlboloSkeJ p1~ of DLC films 'Qllda' apace environments 

such as high VllCUum, flUCIDa:ting temperatures. and irradiation is a pmequisite for space 
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afPlicatlons ofDLC as~ ooattnas (Ellke et al~ 1980) first reported low ftlct!Clll 

eoeffieiems (0.01-0.02) ofDLC films under Vl!Cuum as early as 1980. 

2.2.2.. Gf'llllltte. 

Oraphite has long been used in industry as a typic:al 3D solid lubricant. Gmphito is 

said to be mo:re lub:ric:IOllS in humld envlromnen18 1han Ill dry or WCQlllll envh0ttmenl8 

(Bryant et aL, 1%4). Water molecules ean penfllrate the space betwem grtphite layers in a 

humid euvit\llltllaif. m•king gnphite e.uy IJb.eiriqg md low fri~QD. FurlhermQR:, ~ 

saoDs can be fum:lcd during 1he lribologicel process to recluce 8lll'filce Clle!iY and thus 

fiietion in sliding imerfis.oes (Beonan et al.. 2014). (Berman cit aL, 2014) <.0111p111ed tho 

trlboloalcal propertlee of atapldte to their prmo111 research Oil 8'81kae [(Benn•n et aL. 

2013a) & (Berman et al., 2013b, 2014)). Gr.qlhite and grapheno m'bological tats were 

pe16sm.:d Wider the ame 1l:St condilio1111 In humid tlr Gd dry llllrogai.. Their f11ullll~p 

m-ealed 1hat graphi!C powder had high friction and wear losses in a clry nitrogm 

environment, whm:.u gr11phenc wear was signific:antly mfw:.cd in both humid air and dry 

nitrogen en~ (Fi,8'11re 2-8). 

Onipbite has also been mmd with m«als to c:reato oomposite matings, (Chen et al.. 

2018) prepeied Cu·Al.iOJ~hlte solld-lubrlcatlna -imp by ln.c<lrpora1hia ~-~ 

giapbin> imo Cu-10 wt perca1t Ah03 spray powder. Whon comparod to pure graphite, tho 

1:0mogif supaior1ribologicel perti:lrmalll;e was enabled by the stable ~ion betw-. en. 
coated graphite and Cu powder. The C0111posite coating had a n:lstively low fri~on 

<:0effieiem due to the -.bined eft'eet of hard reinform:oerrt (Ah<>.i) and solid lubri.cam 

(arapbite) (0.19). 
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Figure 2-8:Coefficient of friction of graphite (a) and graphene (b) in different atmospheres. 

(Berman et al., 2014) 

2.3. Palm Kernel Activated Carbon 

Many studies have been conducted to reduce wear and friction in tribological 

applications by investigating various types of lubricants or coating materials. Several 

researchers have discovered that composites activated by graphite or carbon have the 

potential to act as self-lubricating materials when reinforced with other metals such as 

aluminium.(Li et al., 2011). Natural polymer composites are a more environmentally 

friendly version of polymer composites because they are reinforced with natural elements 

like com fibre, kenaf powder, and palm ash rather than synthetic fibres like glass and carbon 

fibres.(Mat Tahir et al., 2016). In order to meet the global demand for lightweight, high 

performance, eco-friendly, wear and corrosion resistant materials, a significant amount of 

research has recently shifted focus from monolithic materials to composite materials. The 

benefits of composite materials include their permeability, low cost, and various 

strengthening mechanisms. (Rymuza, 2007) & (Uvaraja et al., 2013). 
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PKAC (Palm Kernel Actlvaled Carbon) Is a by-product of the palm oil extraction 

proeess. This waste contains carbon p11ope1ties as well as residual oils (nalurlll lu.hricams). 

and it has the polaUial. to beoome a new 11elf·lubrlcatln,g material.. 1b.e cQ8t of Clll'mlt 

commen::ial sdf·labricating lll.lltJerial is relatively high. Thus, incoq.oiatill,g a carbon m.amisl. 

derived &om agri~ wask.'I as new re:infor-.t substitutes in the fabric.dion of 

polymer matrix composites ls thought to have a h1all polellt!al for a :zero.waste strategy for 

improving tribological prope1ties at a low cost. (Balay et al., 2013) 

Polymer materials, In .&-.rel. have poor phylllcal-medl.anlcal propelt!e8 when 

compared to metals or ceramic materials. All. a result, natural fillers (fibres, particlos, or 

powders) derived 1Iom plmrt - me used to re:infon:e polymCI' n:sins.(Shuhjmj et al., 

2016). To meet high Sll'algthJhigh modulus requimnmts, activated carbon p811i.cks can be 

used to modify the P'fqierl;ies.(LaMantia & Morrcale.2011). na-compositemlterials are 

al.so prone to &flare dlsetomedlalllcal damage caused by tension, flexural, w compression 

fOrces.. As a result. using malerials wili1 higher damage tolerance and adequate mechanical 

mlulllion is l:rilical lo ml~ problems. (Bllllllbr et al., 2012). Cnw.:killg. low tougJmea,, 

and Jow talsiJe S1rength have n1J&ubd ill poor clllraJrility, which has resulted ill inaeased 

composite material. mai:a1enm;e eosts. (Ymg ct al,. 2011}. The ~on of eoginceril!,g 

mater!aJs and surface modU!catlon have made si&nlflcant oontributions to the improvement 

of mechanical properties. composite paformance (Abdullah et al., 2011 ). Most engineering 

composite maleria1s requirio,g Qllbon miiro~ent in lhmnoseUi:o,g epoxy polymer hl.ve 

seen a significant improvemmt in -i years. (Bm•h• et al., 2012). 

Fw:thmnore, epo'JiY resin is commonly used as a themioset material. in polymmc: 

CQ!llposite& beca1llle It has good chemical and lns11lation properties, as wen as good bondlns 

stmlgth with other lllJlterials.(Uygunaglu d al., 2015). Acoording to some resemchers, 
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comblllina sraphite or cad>on with other materlal.& has a lrlah potenlial for prodl!Clna 

composites that ~ wear and fiiclion. The produc:ti.cm of adi\'llled carbon from palm 

kernel with hljll. porosity 116 relnforQemelrt iD. a polymer malrix to fiulc1l011. as a self· 

lubricating m.amia1 has been tested by (Chua et al., 2014) and is available ataffurdablecom.. 

Because of its low fiietioo c:oef&ient Vlllue, palm kernel aeti.vatcd embon reinforced 

polymerio composite has the potaltial lD replace the o:amnt hijll.-«lst commtl'Cial self

lubrica1ed ma!erial.(Mat Tdrir et al., 2016). 

2.3.l. Pllydul prop«ttea PKAC. 

From previous study about phywical mcl mochanical properties ofPKAC, they are 

comptrills those propertie8 by dl:fftnnt percentage of composition PKAC end epoxy. 

HllrdnCllS \'lllues at room~~ from 89.5 (75-25 pen;ent sample) to 9S.I 

(70-30 percent sample) and then increeaed lll1til they tellCbed a nwdtimm of 96. (6S·3S 

pen::mtsample).Meanwhile,asligbtcliffermceinhardnessvalueswuobtained,despitethe 

W:t that the hmdw::n Wt was performed at 90"C using the same ~urcs. At 90"C, the 

hardness vaJues Increased ftom 86.3 (75-25 pen:ait sample) to 93.l (70-30 percent sample), 

and then to a maximum of 94. (65-3 S perc;att smnple). The average hardness values of palm 

kemet ac1ivated caibon relnfon:ed polymeric oomposilee dem0!!.81nded that the~ of 

tho oomposi:tes began to docmise from room tempera:turo to 90°C(Mohmad et al., 2018). 

This finding was 8UppOMI by 1utudy1;011ducted by (Broslowetal., 2010), whicli d.iswvaed 

that temperature had a din:ct impact Oii polymeric composi:tes. Mataial hardness deae-1 

as tewpaatwe in~ which was al5o ~stent with the pmiiOWI s1udy by (Nayimi. et 

al., 2013). The res.son mr1hesephenomma is that ahight.rmolecular mass results in a harder 

final curedlll8terial. (Goud & Rao, 2012) discovered thatinc:reasingthe gtass fibre molecular 
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mus~ in a sipi&llllt illmue in the wmilc:, flexunil. ~ w ~ propel1ie8 

of glass fibre hybrid composites. 

98 

96 

~ 94 
"3 
~ 92 

t> 90 
~ 
~ 88 

"' 86 
-E 
"' 84 
:c 82 

80 

78 
Hardness Test at Room 

Temperature 
Hardness Test at 90•c 

Temperature 

• 65-35% 

• 70-30% 

• 75-25% 

FJaute 2-9:Hanillesl of palm bmel activated eari>on reinforced polymeric composite at 

room tanperatul'oand at 90"C. (Mohmad «aL, 2018) 

The adhesion md demity of epoxy min in 1he polymeric eompositcs inflneDoed die 

relnforcemem of dtls acttvaled carbon. Indeed, lnclea&in$ 1lle caibon conoenlr'at!on 

influenoed the weuability of tho particles with tho epoxy 1'!Sin. Tho density test l\!SUlts of the 

compolliw with dl«erent rati0& of palm bmel ac11vatod wbon mixed w:l1h polymer epoxy 

are shown in Figure :Z..10. Tho addition of an epoxy matrix inc:reasod the deruity to a certain 

cWo:a content ratio, which was 70%, and lhen the density beglll to decreue efter dtls ra1io 

of carbon eonnmt duo 1o the low inmDcial bonding betv.'Olll aubon partic:los and epoxy at 

7S% compos:itiOD. The adclilioo of70".4 earbon resulted in high aclhesion fo-s bctwce:o. die 

compollile's moleoules. The re890ll. fur this was to Improve the lllferfaolel bondlna with 
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epoxy and to reduce micro-voids by increasing the density of this composite. As a result, the 

density decreased while increasing the carbon content up to 70%, demonstrating that higher 

density could be obtained by combining 70% carbon with 30% epoxy. As a result, the density 

decreased while increasing the carbon content up to 70o/o, demonstrating that higher density 

could be obtained by combining 70% carbon with 30% epoxy (Mobmad et al., 2018). 
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0.62 

> .µ 0.6 
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c 
2'5 0.58 

0.56 .. 
:.,: 
LL 0.54 ... 
~ 0.52 

~,,, 
n 

Palm kernel act ivated carbon reinforced polymeric 
composites 

• 65-35% 

• 70-30% 

75-25% 

Figure 2-10: Density of palm kernel activated carbon reinforced polymeric composite at 

different compositions. (Mohmad et al., 2018) 

This composite was found to have a high degree of porosity (14.6 percent) calculated 

in the surface area (75-25 percent). Meanwhile, the (65-35 percent) sample had the lowest 

porosity (10.7 percent),s confirming that the internal bonding between the particles and the 

epoxy was the best compared to the other two composites. The sample's good interfacial 

bonding ( 65-35 percent) meant that there were fewer voids, which allowed water to enter the 
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samples. Wata molecules could enter the structure of a polymeric composite if the porosity 

of the composite increased. 

The porosity ratio varied for each composition of palm kernel activated carbon 

reinforced polymeric composite. The increasing rare of porosity was largely related to the 

reinforcement content for each of them, implying that porosity increased proportionally with 

the amount of activated carbon in the composite until reaching the highest level with the 75-

25 percent composite. This was due to the saturation state of carbon with the epoxy resin 

and the formation of bonds between them. The absence of epoxy resulted in the formation 

of undesirable voids in the composite (Mohmad et al.., 2018). 
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Figure 2-11 :Porosity of palm kernel activated carbon reinforced polymeric composite at 

different compositions. (Mohmad et al.., 2018) 
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2.3.2. Mee'••ieal properti• of PKAC 

The ten.silo test rosults are shown in Figures 2-12 and 2-13. The elastic modulus of 

lhe various C(!lllpoaltion& lw been~ qsfna lhe 1e118lle W.st. Figure 2-12 shows that 

ina\l&lling the pcl!\1Clltage of activated carbon from 65 to 70*A. IMlllted in B1IO!lger bonding. 

A~to (Arash etaJ., 2015), the weight pm:entage or ratio of a~ c;sa inc:mise 

its elastic modulus. Unfi:!mm.atdy, aft« adding anotli« S% of activattd earbon, Cbt: value of 

olastic modulus innrwliately ~d. This could be attn"buted to the partiJ;les' wed 

ln1ofilclal bonding. A~niin3 to(UnqnoaJu etel., 201'). lhe lntaiilclal adhesive bond has 

tho greatest influence on elastic modulus. Aside from that, it could have been CllWlecl by the 

high dislribution of voids ~ by the low amolllltS of epoi;y "8in used to hold lhe 

activattd carbon particle. 

Figure 2-13 depiets the ultimat., ten&ilo stnsns of composilN with different 

proportions of palm mneJ eetlvaled ~n (6S%, 70%, aiid 7S%) 10 polymer epoxy. Flpre 

2-13 shows that there was little cliflimmce bel.wem ullimam tensile su- values of 65-35 

pc:n:cnt 8lld 70-30 pc;m:at.. However, 1hm: Wa9 as.ignifo:mltdiffetaloe in the ultimale 1eos:ile 

stress valat: with a proportion of75% activated earbon, owing to poor dispersion 8lld wealc 

bonding of the cubon with the resin malrix. of this ~site. Because somo of the 

specimen.$ ftom lhe 7S pen:ait sroup failed In lhe elas1iclty resfOll, the 7S percot samples 

appeared to be more brittle. Allhough tho ullim.ate tonsile slrmgth of 75% was not 

s:igni&uuly diffcmit fum dlllt of 65%. 1he 1;0111pos:ilion of 70*A. could witmtand the 

mnimum load of 1306N, which was the highest load among the compositions (Mohmad et 

al .. 2018). 
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Figure 2-12: Average elastic modulus of palm kernel activated carbon reinforced 

polymeric. (Mohmad et al., 2018) 
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Figure 2-13: Average ultimate tensile strength of palm kernel activated carbon reinforced 

polymeric. (Mohmad et al., 2018) 
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2.4. VegeCallles olll. 

Vegetable oils arc g1yccrides of fatty acids 1hat are liquid or semisolid plant prochK:ts. 

FiBll"' 2-14 depicm a 1rigl:ycmide's schematic stnlctllRI. In comparison to mineral oils, the 

chemical s1nlcture of vegetable oils is relatiwly homopnllOWI. Tho composition of 

vegelable oil Is determined by the "fatty aclds," whlch are plant-speel& building blocb. 

Triglycerides arc formed when fatty adds form an ester bond with glycerol. Only 1be cis 

structure of fatty acids is found in n.atul\I. With regard to die rogion. cmvironinmrtal 

circumstaru:es, and availability of resouroes for growth, there is a posn"bility of diffm:nce in 

file fatty acid proportion for a given oil. The fatty acids are composed of straight chain CMbon 

m.olecub nmging 1lom 8 to 24 carbon atoms. A brief note on diffa:ent kiDds of fatty acids 

is presented in 1he following soetion. (Reeves et al., 2012) 

0 
II 

CH2- 0 - C- (CH,)4-CH2-CH2-(CH,)4 - CH, 

I ri 
CH - 0 - C- (CH ) - CH= CH-(CH ) - CH I 21 21 • 

CH2- C>- C- (CH2 ) 6- CH2- CH;- (CH,)5- CH3 
II 
0 

Fi~2-l4: Schema1& ~on of a triglyceride molecWt. 

a. Saturated fatty acids are fatty acids 1hat lack a caibon--carbon double bond in d!elr 

backbone struceure, such as Laurie acid,. P•lmitic acid, and Stearic acid. 'Ibey have a 

high pour point and are resistant to oxidation. Figure 2-1 S shows a schcmatil.': 

illustration of a saturated fatty acid.(Reeves et al,,. 2012) 
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H2 H2 H2 H2 H2 
H3c '-...... /c'-..... /c'-..... /c'-..... /c'-..... /c'-..... /OH 

c c c c c c 
H2 H2 H2 H2 H2 11 

0 

Figure 2-15: Schematic representation ofa saturated fatty acid. 

b. Monounsaturated fatty acid: Monounsaturated fatty acids are those that have only 

one carbon-carbon double bond in their backbone structure, such as Oleic acid. They 

have a low pour point and provide a reactive site (or sites} for chemical 

modificafum.(Reeves et al •• 2012) 

c. Polyunsaturated fatty acids, such as Linoleic and Linolenic acids, are fatty acids with 

more than one carbon-carbon double bond in their backbone structure. They have a 

low pour point and provide a reactive site for chemical modification, yet they are 

extremely vulnerable to oxidation. Figure 2-16 a and b illustrate a schematic 

illustration of mono~d and polyunsa1uratcd fatty acid structures, 

respe<:tively.(Reeves et al •• 2012) 

b 

Figure 2-16: Schematic representation of(a} monounsaturatcd and (b} polyunsaturated 

fatty acids 
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S1rUc!Uro, sur.h as Ricinolein acid in Cuter oil They have a low pour point and many 

iuaive sites for chemical modification due to the presmc:e of hydroxyl groups. 

FiguN 2· 17 shaws a schematic illustnition of a hydroxyl fatty acid.(Reeves et al., 

2012) 

H2 H2 
/c"'-..._ /c"'-..._ /CH3 

H2C C C 
I H2 H2 

CH 
H

2
C/ ...,_,OH 

I H2 H2 H2 Hz 
HC ~ / C "'-..._ /C "'-..._ / C "'-..._ / C "'-..._ /OH 

c c c c c 
H H2 Hz H2- II 

0 

Figure 2-17: Schematic ~on of a hydroxy fatty acid. 

e. Fatty AQ.ds: This is a special fatty acid found in Vem.Dlliasc:edoilfhatkillshclminfhs 

and a fatty acid called vemolic acid. A repiesemative diagram of an epoxy fatty acid 

is shown in Fig. 2·18.(.Reeves et al., 2012) 
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Figure 2-18: ~bemstic 1ep1esentation of an Epoxy fatty acid. 

2.4..1. Tn"bo)Olf aad Appli,..fimis of Vegetable Oils 

In essence, the triglyceride sUw:ture of vegetable oils provides many desirable 

qualities for lubriaurts. Fatty acid chain lllllgth plays a very important role in comrolling 

wear rate lllld coefficient of ftiction. The presence of a long polar fatty acid adsoiptlon 

surface film resis18 Che penetration of irregularities and &appiesses metal-to-metal contact, 

1hcrel>y reducing friction and wear. S1rong iDtr11molc<:ular intl:nctions between &Uy acid 

moleeuk5 are abo responsible for the high viscos:ity Index observed in vegetable 

oils.{Meftezes et al,. 2013) 

Attm:ipts Win made to evaluate the bioavailability of green liquid lubricants using a 

pin on disk devlct(Reeves et aL, 2012). In partic;u!ar, various gn:en liquid lubricants NCh &1 

avocado, canola (rapeieed). com, olives, pum•ts, safllower, seeame seeds, and vegetable 

oils are possible. Figure 2-19 shows the changes in friction and wear rlUC of these lubric:arts. 

Avocado oil has bmn found to offer the best liiction and wear performance compared to 
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other green lubricants. We conclude 1hat high levels of monoun.saturated fi1tty acids present 

in oils, eapccially natural oils containing olcic acid. develop densely padced carbon chains 

th.at better protect 1he interface between pins and discs, reducing :fiiction and wear. It was 

attached. (Menezes et al., 2013). 

o.o~----------------------

05 t---------------------
0.4 +-----------------; 
~lt------~ 

~l+------~ 

0 I 

0 

• COF 
• Ww(mm•J) 

Fi~ 2-19: Variation of Gaefficimt of:fiictionand wear rate for vegetable oils. (Ri:eves et 

al., 2012) 
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CHAPTER3 

METHODOLOGY 

3.0. Introd•ction. 

The objective of this study is to investigate the effect on physical and mechanical 

properties of palm kernel activated carbon after immersion in different type of vegetables 

oil. This chapter will describe the method used in this project to get the desired results. 

Overall operational flow is to illustrate the order to conduct the experiment as shown in 

Figure 3-1. 

\ 

Physical and mechanical 
properties testmg 

Immersion in different 
type of vegetables oiL 

Physical and mechanical 
properties testing 

Record the data 

End 
experiment 

Figure 3-1: Flow Chart for Experiment. 
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3.1. Sample preparation. 

The material used to make sample is palm kernel activated carbon (PKAC) from 

wastes of agriculture activities. West system 105 Epoxy resin and West System 206 slow 

Hardener was provided by Universiti Teknikal Malaysia Melaka which is to mix with PKAC 

to prepare the sample. 

Figure 3-2: Palm Kernel Activated Carbon (PKAC). 

Figure 3-3: West System 105 Epoxy Resin. 
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Figure 3-4: West System 206 Slow Hardener. 

The raw material of PKAC were crushed in the crusher to make it fine. Then, the 

crushed PKAC were transferred into the sieving machine for about 10 minutes to filter the 

crushed PKAC into several fine sizes such as 300, 250 and 63µm. The process had to be 

done several times to get adequate powder to be used in preparing the sample. 

Figure 3-5: Crusher machine. 
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Figure 3-6: Sieving machine. 

Disc, pin and bone shape of sample need to prepare to run physical and mechanical 

test. Disc shape used to run physical properties testing such as hardness, surface roughness, 

density, water absorption and porosity. For mechanical properties testing, pin shape used in 

compression test and bone shape used to conduct tensile test. The 250µm in size of PKAC 

powder have been selected to be mix with a binder known as high-density epoxy [West 

system 105 epoxy resin (Figure 3-2) and West system 206 slow hardener (Figure 3-3)]. 70%, 

65% and 60% of PKAC are prepared to complete this research. The dimension for disc shape 

is 74mrn diameter and 5mrn thickness. For pin shape, the length is 3cm and diameter lcm. 

For bone shape, the length 16.4cm and 2mm thickness. The mixture then inserted to mould 

and going through heating process at the same time being compress for about 10 minutes 

with l00°C of hot press machine plate and 120kPa. The sample then going through curing 

process for about 7 days before proceeding to test. 
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Figure 3-7: 250µm in size of PKAC. 

Figure 3-8: Mould for Disc shape. 

Figure 3-9: Mould for bone shape. 
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Figure 3-10: Mould for pin shape. 

Figure 3-11: Hot press machine. 
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Table 3-1: AmOll!lt of PKAC and Epoxy fur disc shape sample. 

Disc 

Pli1m Kmiel. Activaied 

Carboa. 
Epoxy ~in to hardener ratio of 4: 1) 

Composition Weight of Composition Weight of 
Weight of 

Hanhmer 
(%) PKAC(g) (%) Epoxy(g) 

(g) 

60 17.16 40 9.16 2.28 

6S 18.S9 35 8.00 2.00 

70 20.2 30 6.86 1.72 

Table 3·2: Amount of PKAC md Epoxy for pin shlrpe sample. 

Pin I I'• - ; I I r 

Palm K.emel Activatecl 

Carbon 
Epoxy {Resin to hanlenerratio of 4:1) 

Compositioa. We~of C-omposition Wei&fatof 
Weight of 

Hardener 
(%) PKAC(i) (*A) Epoxy(&) 

(&) 

60 2.15 40 l.07 036 

6S 2.33 35 0.94 0.31 

70 251 30 0.81 OZ! 



Table 3·3: Amo1111t of PXAC and Epoxy for bone shape sample. 

Bono 

Pli1m Kmiel. Activaied 

Carboa. 
Epoxy ~in to hardener ratio of 4: 1) 

Composition Weight of Composition Weight of 
Weight of 

Hanhmer 
(%) PKAC(g) (%) Epoxy(g) 

(g) 

60 8.SS 40 4.SS 1.14 

6S 9.30 35 4.00 1.00 

70 10.10 30 3.43 0.86 
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3.2. Physical properties test. 

After complete preparing the sample, then it is weighted by using weight scale with 

ability measure until O.OOOlg. The hardness of the sample was measured using Shore 

Hardness Durometer-D. By applying a force on the standardized presser foot, it will 

penetrate into the material and the indentation depth is measured by the durometer. Greater 

numbers on the scale indicate the materials are hard while lower numbers indicate the 

materials are soft. Then, the roughness tester is used to determine the surface roughness of 

the sample. 

Figure 3-12: Weight scale. 

Figure 3-13: Shore Hardness Durometer-D. 
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1.. .. . . 

Figure 3-14: Surface roughness tester profilometer. 

For density test, the sample density determined by measuring each of specific gravity 

and the total volume of the samples using an electronic densitometer. The electronic 

Densimeter gives very precise calculations on the specific gravity of an object of any shape. 

For porosity, the sample need to immerse in vegetables oil and weight it then the mass after 

immersing minus mass before immerse divide with mass after immersing. 

P .t matter - mbet ore lOO 
OTOSl y = X 

matter 

Figure 3-15: Electronic densitometer. 

Water absorption properties of palm kernel activated carbon reinforced polymeric 

composites had been analysed according to the ASTM D570 standard. The electronic 

balance with capable ofreading to an accuracy ofO.OOOlg used to measure the sample initial 
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weight. Samples then immersed in water at room temperature of 23 ± 1°C for about 24 hours. 

Then the samples wiped off with a dry tissue and measured the final weight of the samples. 

3.3. Mechanical properties. 

The ASTM D3039 I D3039M-17 standard is typically used to perform tensile tests 

on polymeric composite samples with the speed of2mm/min. The tensile strength, Young's 

modulus, and strain of a palm kernel activated carbon reinforced polymeric composite were 

determined in this test. The ASTM D6441 standard used to perform compression test on 

polymer matrix composites samples with the speed of 2.5mm/min. The compressive 

strength, Young's modulus, and strain of a palm kernel activated carbon reinforced 

polymeric composite were determined in this test. To accomplish this, an Instron universal 

testing machine with a capacity of250 kN, a speed range of0.001-500 mm/min, a test area 

of 1256 mm x 575 mm, and controlled by Bluehill 3 software with reference to the above

mentioned standard was used. (Mohmad et al., 2018) 

Figure 3-16: lnstron universal testing machine. 
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3.4. Immersing in different type of vegetable oil. 

The physical and mechanical properties test of PKAC need to be done before and 

after immersing in various type of vegetables oil. There are 3 types of vegetables oil used 

which is palm oil, com oil and soybean oil. The duration of the sample immerse in vegetables 

oil is 24 hours or 1 day. 

SITI 

900kcal 
100g ... 
129 1.7g 

43g 6g .. Og .. .. .. .. 
Omg omg 

Omg omg 

S0m9 1mg 

Figure 3-17: Palm oil. 

L 
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Pcl1Jdaldopa 5.0 g l3~ I 
Asid l.emalc0mego3 D.Bg SJp 
Asid Lemak0mego6 4.1 g 'OJI 

l TIPU I.Ji Bil • -....,..r.s 0.1, m 
Koles1nl ~ ll'l ~~ 
SerablA Diel iii !!._t 

'lilnnE 10.Smg !IS.90lll 
No1rUn Omg OIV 

Figure 3-18: Com oil. 
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I 

NUTRITION INFORMATION 
(Serving per 100ma) 

Energy 3460kJ 
Protei~ Oa 
Total Fat 90.80 
• Saturated Fat (Max) 27.9a 
• Monounsaturated Fat (Min) 33.80 
· Polyunsatur1ted Fat (Min) 29.1 a 
• Transfat!Maxl O• 
Cholesterol Oa 
Carbohvdr1te On 
Suoar Oa 
Sodium O• 
Other Qa 
uoual'Glnt 8RIMO'C 

Figure 3-19: Soya oil. 
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CllAPTER.4 

RESULTS.AND DISCUs&ON 

4.0. llltrodaetfoa 

'Ibis e.hap1et ell~ 1he rewl18 obealned &om 1he e;qierlmart which contallls 1he 

hanlness, swfilce roughness. density, water absorption, tensile and COlllJm'lS&ion data. This 

inducles data before and after immersing in different type of vegetablc:s oil. This chlpter is 

divided Into el,aJrt sub-sections. Seot!on 4.1 dlsouss on hardness, section 4.1 surfiloe 

roughness, seclion 4.3 density, s~on 4.4 wl.tft' absorption. -Uon 4.S porosity, section 4.6 

tensile tM and eeetion 4.7 comptQllSlon Cellt. 

4.1. Banlacu. 

The Shore D hardness test wu llOl!ducted for all the specimeu which is disc, pin md 

bone shape and tho data obtained were tabulated as shown in figlll\' below. n is =istod of 

dlft'erent ccmposition of PKAC 8l1d E-poxy and hardness befiire and after lmme1'81on In 

dift'mmt typo ofvegdahles oils. 

46 



Table 4-1: Hardness for disc before immersion in different type of vegetables oil. 

60% 

65% 

70% 

108 

106 

~104 
IQ 

f 102 

~ 100 
.h 
"' Q) 

98 
c: 

"'C ..... 96 
IQ 
::c 94 

92 

90 

Sample No. Hardness, HD Average 

1 104.0 107.0 106.5 105.8 

2 105.0 106.5 104.5 105.3 

3 102.5 103.0 99.5 101.7 

1 103.0 104.0 106.0 104.3 

2 103.0 104.0 105.5 104.2 

3 103.0 105.5 104.0 104.2 

1 101.0 102.0 100.0 101.0 

2 101.5 101.5 100.5 101.2 

3 94.0 94.0 101.0 96.3 

Hardness of Disc before immersion in different type of 

°'.i:?., 
I fl(fJ 

60% 

vegetables oil. 

65% 

Composition 

70% 

1-SoyBean oil 

• 2-Palm oil 

3-Corn oil 

Figure 4-1: Hardness of disc before immersion in different type of vegetables oil. 
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Table 4-2: Hardness for disc after immersion in different type of vegetables oil. 

60% 

65% 

70% 

108 

106 

104 

![ 102 
::? 
~100 

::c 98 

a c: 96 

~ 94 
::c 

92 

90 

88 

Sample No. Hardness, HD average 

1 104.0 106.5 106.5 105.7 

2 104.0 105.0 105.0 104.7 

3 104.0 102.0 104.0 103.3 

1 104.0 103.5 103.0 103.5 

2 104.0 105.5 104.0 104.5 

3 102.5 105.0 105.0 104.2 

1 99.0 102.5 103.0 101.5 

2 99.0 100.0 100.5 99.8 

3 94.5 94.0 97.0 95.2 

Hardness of Disc after immersion in different type of 

TE 

60% 

vegetables oil. 

65% 

Composition 

70% 

1-SoyBean oil 

• 2-Palm oil 

3-Corn oil 

Figure 4-2: Hardness of Disc after immersion in different type of vegetables oil. 

Based on figure 4-1, sample with composition of60% ofPKAC have higher hardness 

than other composition which is 65% and 70%. The average hardness for 60% is 105. 1, 65% 

is 104 and 70% is 99 .5. Comparison between before and after immersion in different type of 
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vegelabl~ oil can ob1ained with flsure 4-1 and flal!re 4-2. It shown sllah11y dlffi:l01t in the 

hardness.. Based oo comparison of da!a ob!ained coo:iposition with 60% of PK.AC for 

soybe&o. and pelm. oil~ but fur IXll'l1 oil ia.aease. For 6S% of PKAC, with soybean 

oil decfeese, palm oil inmase and com oil mnain unchanged.. Lastly for 70% af PKAC, 

with soybean ilK:rcase, palm, and com oil both~ in luirdn"9. 

The activation proce6S bdwcal palm ttmel activated cad>oG and epoxy in the 

composites oc;amoed owing to the degradation of epoxy in tho composite whim dec:reased 

the hardness of the compo11!te (Mobmad et al,, 2018). From the data, It observed th.at the 

groa:ter amoum of epoxy in the composites produce high hardness value of the camposi:to. 

Ju a IeSU!t. the improved bonding S1mJgdJ. between die c:cbon pmtich;, and die malrix. was 

mpalllll"'blemrthe increase inb.udness. This is in aCCIOl'dancewith thewodcofNayani et al. 

(2013). 

4.2. Sufaee rougtuieu. 

The sum- rouglinc:is tester was used to obtain the :surfiice ronglmess of disc 1111111ple 

and the data oblalned were tahq1ajed as shown in figure below. It Is OOll.llisted of d!mM!t 

composition of PKAC and B-poxy and swfaoe roug!mess before and after immersion in 

different type ofveaetables oils. 
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Table 4-3: Surface roughness for disc before immersion in different type of vegetables oil. 

Composition Sample No. Surface Roughness, Ra average 

1 2.626 2.681 2.715 2.674 

60% 2 2.443 2.881 2.468 2.597 

3 2.997 2.949 3.503 3.150 

1 5.182 4.761 5.288 5.077 

65% 2 3.823 4.081 4.289 4.064 

3 5.754 4.224 4.377 4.785 

1 5.927 5.994 5.646 5.856 

70% 2 9.204 8.817 8.732 8.918 

3 7.365 6.481 6.697 6.848 

Surface Roughness of Disc before immersion in different 

10 

9 

E s 
~ 
~ 7 

::! 6 
cu 
~ 5 
bO 

5 4 
a:: 
~ 3 
CQ 

5 2 
ll'l 

1 

0 
60% 

type of vegetables oil 

65% 

Composition 

70% 

1-SoyBean oil 

• 2-Palm oil 

3-Corn oil 

Figure 4-3: Surface roughness of disc before immersion in different type of vegetables oil. 

50 



Table 4-4: Surface roughness of disc after immersion in different type of vegetables oil. 

Composition Sample No. Surface Roughness, Ra average 

60% 

65% 

70% 

10 

9 

E' s 
~ 
~ 7 

::! 6 
<U 

~ 5 
bO 

~ 4 a: 
~ 3 
CQ 

5 2 .,, 
1 

0 

1 2.475 2.778 2.983 2.745 

2 2.109 2.271 2.041 2.140 

3 3.555 3.549 2.904 3.336 

1 6.309 5.963 5.509 5.927 

2 2.713 3.739 2.848 3.100 

3 6.955 4.632 4.004 5.197 

1 4.934 5.938 7.246 6.039 

2 6.081 6.327 6.246 6.218 

3 7.996 6.781 8.404 7.727 

Surface Roughness of Disc after immersion in different 
type of vegetables oil. 

NtVERSITI TE 

60% 65% 

Compost ion 

70% 

l·SoyBean oil 

• 2·Palm oil 

3·Corn oil 

Figure 4-4: Surface roughness of disc after immersion in vegetables oil. 

Based on table 4-3, sample with composition of 60% of PKAC have average surface 

roughness of 2.807µm, for 65% has average surface roughness of 4.642µm and 70% has 
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averaseof7.207pm.S11111plewith60%composltionofPKAChavelowestaveN1SeOfSlll'filce 

roughness than 6S% and 70%1 whi.®. moanJ tho lower the vaJuo indicates better surfuce 

rouahnel!S ot smoo& Compulson bet11eicn. befure and Ulet lmmel'llion. lll cllfii:rart fype of 

vegeteblcs oil call obtained with table 4-3 and figure 4-4. Par sample with compositiOG of 

60"1., there - inereasing value of surface ronglmess for soybc:m oil and ~ oil but 

~for palm oil. For S811lple 6S% of PKAC, w!lh ~and com oll lbere are 

increasing in Tillue of surfii.:e roughness but doereasing with palm oiL For sample 70% of 

PlCAC, bo1h sample with aoybeall and oom oil lllc:reeslng Vllhle but ~Ill& with palm 

oil. 

The smoo\her1he surfal:e rougliness, the nailer 1be ~eo.t of 1iiction (Rab!!!!lm 

d al., 2015). Highcr surface ronghN"'s with strong mecbanical locking resistance 

<:OntnDutcd to the incmlscd 1iimonal. ful'l:e. This W11S the main rcuon 'Wby the~ the 

surfilce.1he hlsher the coeffiolent of iliction. Due to the large sarfau ro11sJ'nees, most of the 

im!gularities Win deformed and worn clue to high pn'JSSUft'I and strong fiictional shear. 

Proper sum- rougfmess of 1he frielim malerial. helped 1D achieve high ttausmin:ion 

effi.ci1111cy. An icloal :fi'K:lion. mala'ial with modclnlle roa•ghusa and low wear nite to ~ 

medianical OUlpUt stability and mend seni~e life. (Song et al.. 2019). 

4.3. Deufty 

The elec:1ronic: densimeter was used to obtain Ille density of all the S11111ple wlili:h is 

dlsc. The data obtained were WnilBted es shown In figure below. It Is COl1.81sted of diffilrent 

eompoaition of PKAC and B-poxy and density befure and aim immersion in diffinnt type 

ofv~lesoib. 
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Table 4-5: Density of disc before immersion in different type of vegetables oil. 

Composition Sample No. Density, p average 

1 1.331 1.332 1.332 1.332 

60% 2 1.321 1.322 1.322 1.322 

3 1.228 1.228 1.228 1.228 

1 1.286 1.287 1.287 1.287 

65% 2 1.322 1.323 1.322 1.322 

3 1.271 1.272 1.271 1.271 

1 1.211 1.212 1.212 1.212 

70% 2 1.149 1.201 1.202 1.184 

3 1.226 1.231 1.239 1.232 

w 
.... Density of Disc before immersion in different type of 

1.35 
1.33 
1.31 
1.29 

~ 1.27 
bo 1.25 
~ c.. 1.23 
> 1.21 
·~ 1.19 
c: 
~ 1.17 

1.15 
1.13 
1.11 

1.09 
60% 

vegetables oil. 

65% 

Composition 

70% 

l·SoyBean oil 

• 2·Palm oil 

3-Corn oil 

Figure 4-5: Density of disc before immersion in different type of vegetables oil. 
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Table 4-6: Density of disc after immersion in different type of vegetables oil. 

Composition Sample No. Density, p 

1 1.337 1.336 1.337 

60% 2 1.326 1.326 1.326 

3 1.247 1.247 1.248 

1 1.296 1.272 1.271 

65% 2 1.326 1.327 1.326 

3 1.312 1.313 1.314 

1 1.269 1.272 1.271 

70% 2 1.308 1.313 1.315 

3 1.277 1.277 1.277 

r 
w 
.... Density of Disc after immersion in different type of 

1.35 
1.33 
1.31 
1.29 

E 1.21 
"iiD 1.25 
~ 1.23 
Q. 

> 1.21 
·~ 1.19 
c: 
~ 1.17 

1.15 
1.13 
1.11 
1.09 

~ vegetables oil. 

TEK 

60% 65% 

Compostion 

70% 

average 

1.337 

1.326 

1.247 

1.280 

1.326 

1.313 

1.271 

1.312 

1.277 

• l·SoyBean oil 

• 2·Palm oil 

3·Corn oil 

Figure 4-6: Density of disc after immersion in different type of vegetables oil. 

Based on table 4-5, sample with composition of 60% of PKAC have average density 

of 1.294 kg/m3, for 65% has average density of 1.293 kg/m3 and 70% has average of 1.209 
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ksfm'. Sample wilh ~ COOlpOBitlon of PKAC have bJahem ave«age of density than 6S% 

and 70%. Comparison between befon! and after immersing in difttnnttype ofvegietablos 

immersing in vegmbles exupt fur 65% composition immerse in soybean with deaeesing 

O.So/ .. 

It was ohsetved that inc:rcasing the amowrt af epoxy matrix illcft8Sed the density. 

Duototlle low interfacial. bond between tho earbon particles and tho epoxy, tho clonsity bepn 

to decrease after a OOlllent ratio of70%. The lncreese In clens!ty ls caused by beUerinterfacial 

adhesion with epoxies and a reduction in micro voids in the composi:te.(Mobmad et al., 

2013). 

4.4. Watuablorptlo•. 

All the ell~ shape sample was immenied Jn weer :k 24 hours.~ the we13ht 
of 1lle sample before and after immersion. Then calClllale 1he wlllet' absorp110ll by usina 
formula: WA= W•ll/11. o./tffr-Wfll/JMnfVNI x 100. All tho data was iworded and !Dbo1l•ted 

Wlff/I IJoftmt 
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Table 4-7: Water absorption of disc before immersion in different type of vegetables oil. 

u., 
.... 

12.000 

10.000 

~ 
"O 8.000 cu 
c: 

"iij 
QD 6.000 -..c: 

.!!!' 
cu 
3: 4.000 

2.000 

0.000 

Composition Sample No. Water Absorption (%) 

1 0.028 

60% 2 0.131 

3 1.530 

1 0.428 

65% 2 0.003 

3 0.175 

1 4.911 

70% 2 9.324 

3 12.688 

Water absorption of Disc before immersion in different 
type of vegetables oil. 

~11~~~~ 

~ (~ • ~ \~C:::::-:,::i.....;-.:· c~ 
•• .. I,.,.; .. 

ERSITI TEKN1 

60% 65% 

Compostion 

70% 

1-SoyBean oil 

• 2-Palm oil 

3-Corn oil 

Figure 4-7: Water absorption of Disc before immersion in different type of vegetables oil. 
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Table 4-8: Water absorption of Disc after immersion in different type of vegetables oil. 

Composition Sample No. Water Absorption 

1 -0.047 

60% 2 0.076 

3 2.231 

1 0.736 

65% 2 0.011 

3 0.290 

1 8.971 

70% 2 14.947 

3 16.787 

Water absorption of Disc after immersion in different type 

12.000 

10.000 
~ 

of vegetables oil. 

°'~ ~~~~-...,,,(fl 
"""""""""""""""""""~ 

.. 
~ 8.000 

·~ VERSITI TEKN KAL MALA 
6.000 

~ 
.!!.!' 
~ 4.000 

2.000 

0.000 
60% 65% 

Compostion 

70% 

1-SoyBean oil 

• 2-Palm oil 

3-Corn oil 

Figure 4-8: Water absorption of Disc after immersion in different type of vegetables oil. 
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Based on the table 4-7, sample with composition of 60% of PXAC water absorpt!Clll 

of0.S63, for 65"h has averagie waler ~n of0.202 and 70% has average of8.974. 

Samplewilhcomposilionof7~"PKAChas1hehlgheslvllhleofwa1erabsorptioll.lhall.o1her 

composition which is 60% and 6S%. C<llllpSrison between bdilre and aftler immersion in 

different type ofvcgetabJes oil ean obtained with table 4-7 mcl figure 4-8. All the sample 

Increase value ofwam abSOlpt!on except for composition ~Ai of PKAC with soybeen and 

palm.oil. 

The density an.cl void coment malerial of the CO!ll(l08ile have a pat effect at the rllle 

of water absorption. As a R'JSllh, bec.aWIO tho ac1ivaUd carbon conta!t material withinside the 

composite inc:msse 111.d die epoxy resin~ the water abS01plionrale in1:m1Sed, whkh 

can be auribuled to the mamifacturing of voids in lhe composite, which ......W the formation 

ofinnermi~lsinthe~{Mohmadctal..2018). 
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4.5. Pototity. 

The porosity test was measured by obtaining tho weight of the sample before and 

after lmmmloo. Ill vegetables on. The we13ht ~ lmmemlon mlnu8 with weip.t before 

Immersion and divided with~ before lmmenlon. The fol'm111a used Is: porosity= 

W"'611t tl/M-W""1ttl IHlfflnl X lOO. 
Wlll.gl1Hu1f ou1 

Table 4-9: Porosity iii: dlll'C sample. 

Compo11ltlon Sample No. Porosity 

l 0.206 

60% 2 0.108 

3 1.625 

l 0.299 

65% 2 0.24S 

3 0.042 

l 7.S99 
~ 70% 2 13.570 

3 lS.080 . 
' • 
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Figure 4-9: Porosity for disc sample. 

1-SoyBean oil 

• 2-Palm oil 

3-Corn oil 

Based on the figure 4-9, The average of porosity for 60% composition is 0.646, for 

65% is 0.195 and 70% is 12.083. We can see huge different of porosity between sample with 

composition 70% and 60% and 65%. Because the sample had high interfacial bonding (60-

40 percent), there were fewer voids, which allowed oil to enter the samples. oil molecules 

might enter the composite structure ifthe porosity of the polymeric composite increased. 

Each composition of palm kernel activated carbon reinforced polymeric composite 

had a different porosity ratio. For each of them, the growing rate of porosity was significantly 

related to the reinforcement content, indicating that porosity grew proportionally with the 

amount of activated carbon in the composite until it reached its highest level with the 70-35 

percent composite. Because of the saturation state of carbon with the epoxy resin and the 

development of bonds between them, this happened. Internal de-bonding and excessive 

porosity are also undesirable. To maintain the stability of composite dimensions, a high 
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deatee ofptedslon and bJsh.quallty adhe$lve bondhla tedinlqu.es are required (Mobmad et 

al., 2018) • 

.f.6. Tendle tat. 

Tensile test was conducted based on ASTM D3039 I D3039M· l 7 stmclard using 

lnsUon universal Wrt!ng machine. The speed ofleStins Is 2mm/min. There are 12 s11111ples 

goillglhrough this test which is 3 types of composition 60%, 6S% 811d 70% ftlr each ca:tegmy 

without oil. palm oil. soybem oiJ IJlld l;()fll. oil. The data cblllined tabulated below. 

Tablo 4-10: Tonsilo strain. 

i \ ' I 
Slraln 

Composition Without oil Palm oil Soybean oil Com oil 

60% l.2476 0.8574 1.3048 l.35>S4 

65% 1.033$ 0.6763 0.7144 0.5097 

70% 0.6477 0.6&57 0.5810 0.133S 
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Figure 4-10: Tensile strain. 

Table 4-11: Tensile stress. 

Fracture stress, MPa 

• 60% 

• 65% 

• 70% 

Composition Without oil Palm oil Soybean oil Com oil 

60% 17.9458 15.895 20.5209 23.5922 
I 1 I I ). I I 

65% 15.2460 8.7848 8.6570 3.3694 

70% 9.3406 5.4827 7.6982 1.7672 
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Figure 4-11: Tensile stress. 

Table 4-12: Young modulus for tensile test. 

Young modulus, MPa 

Composition Without oil Palm oil Soybean oil Com oil 

60% 13.982 18.317 15.853 16.522 

65% 13.685 13.754 12.171 6.6209 

70% 14.491 7.6302 13.703 12.512 
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Figure 4-12: Young Modulus for tensile test. 

• 60% 

• 65% 

• 70% 

The data obtained above shows comparison between PK.AC samples with immersion 

in palm, soybean, and com oil and without immersion in oil. For tensile test, composition 

60% of PK.AC have the greater value of tensile strain, tensile stress and young modulus 

compared to 65% and 70% composition. This is because of the higher carbon contents (70% 

and 65%) give the sample with lower rubber-like elasticity compared with lower carbon 

content (60%). In other words, the tensile stress increase when the concentration of the epoxy 

resin ratio increases between 60% of PK.AC, because the epoxy strengthened the interface 

of the carbon material. 

From table 4-11, it shows that 60% composition sample immersing in com oil have 

the highest tensile stress value which is 23.5922MPa and palm oil has the lowest with 

15.895MPa. For 65% composition sample, the highest tensile stress is without immerse in 

oil with 15.4260MPa and the lowest is com oil with 3.3694MPa. For 70%, the highest tensile 
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suess Is without imm.ers:!Clll in oil wilh 9.3406MPa and Uie lowest Is com oil with 

1.7672MPa. Theda!aobWnedarenat<:emtantwhichmeansthotmsilostresswbenimm«&e 

lD «m. oil have die hljbest for 60% composllioll. but 1he lowest for 6S% Gld 70% 

composition. The value of talsik stress for 60% composition are slightly diffi:rcnce with 

immersion in 3 diffi:ratt oil and without immersion compared to ~ition 70'.I. whidl 

have madl dltferenoe between immersion in oil Gld wi!hoqt lmm.ers:ioll. 'I1lls Is beoa11se the 

composition 70% absorb mon1 oil because tho porosity is gieater than other composition. 

The existent of voids In 70% QOlllPOS!tlon allows the oll 10 slay lllslde 1he sample and gives 

diffimmce value of~ stnlss. 

~g to .Aill3b ct aL (201S), increuing die weight% orndio of a~pos:ite cu 

improve ilB elastic modulus. Unfortunately, increasing amo1111t of activldcd cabon m.ak:e the 

value of elastic modulus dca:ease This could have been caused by the particles' weak 

!nterilcial b(Mldlna Blast!o modulwl Is mOlltly aft'e«ed by 1he ill1etfilcial adhesive bond, 

according to Uygunoglu et al. (201S). lt could also have been caused by tho high dispersion 

of voids iDdul:ed by die use of modm volumes of epoxy resin to hold die~ a1lboD. 

particle. 

4.7. Co•pl'Mio11 test. 

Compnuion test Willi conducted based on ASTM 06641 standard using lnstron 

universal ~-dime. The speed ofte'sling is 2.Smmlmin. 'Ihm:~ 12 S11111p!es going 

through lhis test which is 3 types of composition 60%, 6S% and 70% for each <:mgory 

wilh011t oil. palm oil. soybeNi. oiJ and~ oiL The data oblllined tabulated below. 
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Composition 

60 

65 

70 

0.12 ~v 

0.1 

0.08 

~ 
.=.~ 0.06 
m .... -.,, 

0.04 

0.02 

0 

Table 4-13: Compressive strain. 

Strain 

Without oil Palm oil Soybean oil 

0.05 0.06 0.04 

0.08 0.06 0.05 

0.05 0.06 0.06 

Compressive Strain 

without oil palm oil soybean oil corn oil 

Com oil 

0.05 

0.11 

0.05 

• 60% 

• 65% 

• 70% 

Palm Kernel Activated Carbon with and without immersion in vegetables oil 

Figure 4-13: Strain for compression test. 
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Composition 

60 

65 

70 

140.00 

120.00 
Ci c. 
::!!: 100.00 

"' "' !!! 80.00 
t; 
c: 
0 60.00 ·;;; 

"' !!! 
c. 40.00 E 
0 u 

20.00 

0.00 

Table 4-14: Compressive stress. 

Compressive stress, MPa 

Without oil Palm oil Soybean oil 

120.93 123.64 85.92 

64.02 113.67 96.93 

105.29 96.13 100.13 

Compression Stress 

without oil palm oil soybean oil com oil 

Com oil 

121.22 

79.06 

107.39 

• 60% 

• 65% 

• 70% 

Palm Kernel Activated carbon with and without immersion in vegetables oil 

Figure 4-14: Compression stress. 
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Composition 

60 

65 

70 

3500.0 

3000.0 

!:. 2500.0 :;: 
rii .a 2000.0 
=i 

"Q 
0 
:2 1500.0 
bO 
c: 
=i 
~ 1000.0 
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0.0 

Table 4-15: Young modulus for compression test. 

Young Modulus, MPa 

Without oil Palm oil Soybean oil 

3180.0 3015.1 2418.3 

1555.9 2099.9 2379.9 

2557.6 1998.9 1964.0 

Young Modulus 

without oil palm oil soybean oil comoll 

Com oil 

3069.9 

2619.9 

2617.4 

• 60% 

• 65% 

• 70% 

Palm Kernel Activated Carbon with and without immersion in vegetables oil 

Figure 4-15: Young modulus for compression test. 

The data obtained above shows comparison between PKAC samples with immersion 

in palm, soybean, and com oil and without immersion in oil. For compression test, 

composition 60% of PKAC have the greater value of strain, :fracture stress and young 

modulus compared to 65% and 70% composition. From table 4-14, it shows that 60% 
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composition lmmm!Oll in palm oil have the hlpest compreaslve mss vaJqe whlch Is 

123.64MPa and soybean oil has lhe lowest with 8S.92MPa. For 6S% composition, tho 

h13hellt «apres&lve 81rells II palm. oil with 113.67MPa and the lowest ls without oil wilh 

64.02MPa.. For 70'Y., the highest ccm,nasive S1re68 is com oil with 107.39MPa and the 

lowest is palm oil wilh 96.13:MPa. 

The dam obtained are not OOllS18llt which means the campressive mss whm 

immme in pahn oil have tho highest for 60% composition but tho lowest for 70% 

composition. Based Oil table 4-lS, the YOUll3 modulus for sample Immersed In com oil have 

tho high values tor all the composition 60*At, 6S% and 70%. This mean samplo with corn oil 

have much ability to wilhstm:td ~in k:ng1h when under compression. 
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CllAPTEB.5 

CONCLUSION .A:ND B.EOOMMENDATION 

In OOGClu.elOll, It was OOllerved that the composition <1f 60"~ of palm bmel .ct!Yated 

earbon was tho besteomposition of composite in term ofpbysic:al.andmechanical p1uperlios 

CQmpered to 65% e.n.d 70% compoallion.. This 13 because the arecer number of PKAC and 

lower numb« <1f epoxies in the 5811lple cause of we.ak innerfacial bonding between the 

pa:rtld:es and high distn'bu!ion of voids. n - be: shown in water absorption Wt where the 

~taae 1$ hJahest fur 70% llOlllpOSillon. The po« resistance of relllfi>r«ment fillm to 

wlltft' ahtolpli.on eft'ec:tl the mec:hanical propediea md dimensional stahility. 

24 hours immmim of the PKAC into dia'erent type'8 <Jf ~les oil gm. dip.tly 

ditremrt on physical p1opeiti.es. Some of the da!a ob480wl give illciematt on physical and 

mec:hanical wluo after immersing in voglllables oil.Also. somoofthodotagi:vedoelinoafter 

Immersion. Majority or the sample ilves Increment vahie of phyB!cal and mechanlcal 

properlios after immersion in vege1ablos oil oompared to before immorsion. 

For feQ(lll!!llendat!Oll, the difference on 1lie physical propertk$ 8lld mechanical 

properties not to significamly. By incnll8Sing lhe time <1f immmion imo vegdables oil will 

give diffemit IeSU!ts that 1in: better for the phy8:ica1 1111d mcdianic:al. properties. As we know 

that composition 60% is the best in bolh physit.:Al and irudumical propcrti~s, we can select 

this c;omposition to mde r-mi about odler properties in :future study. 
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