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Abstract

Thissummerinternshipreportfocusesonrecyclingplastic
waste,particularlylow-densitypolymers(LDPE),tocreate
modifiedbindersforcivilengineeringapplications.Itprovides
anoverviewofthematerialsused,theprocessofmaking
polymersmodifiedbinders,andthevarioustypesofbinders
produced.Thereportalsodiscussesotherperformedpractices,
suchastheHamburgWheelLoadTestandtheSemi-Circular
BendingTest,forevaluatingasphaltmixtures'performance.
Additionally,essentialtestsforassessingbitumenproperties,
suchasthepenetrationtest,softeningpointtest,androtational
viscometertest,arecovered.Thereportemphasizesthe
importanceofproblem-solvingskillsinthefieldofcivil
engineeringandthepotentialofrecyclingplasticwasteto
addressenvironmentalconcerns.Overall,thisinternshipreport
offersvaluableinsightsforcivilengineeringprofessionalsand
otherdisciplines.
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1.INTRODUCTION
 Low-densitypolymers,alsoknownasLDPE(Low-DensityPolyethylene),area

typeofthermoplasticpolymerwitharelativelylowdensitycomparedtoother

plasticmaterials

 LDPEisproducedthroughthepolymerizationofethylenemonomers,which

arederivedfrom crudeoilornaturalgas.Thepolymerizationprocessresults

in a chain-like structure with numerous branches, giving LDPE its

characteristiclow densityandhighflexibility.ThedensityofLDPEtypically

rangesfrom 0.910to0.940g/cm³,makingitoneoftheleastdensepolymers.

 OneofthekeycharacteristicsofLDPEisitsexcellentflexibilityandtoughness.

Itishighlyresistanttoimpactandcanwithstandrepetitivebendingand

stretchingwithoutbreaking.ThispropertymakesLDPEidealforapplications

suchaspackagingfilms,plasticbags,andsqueezebottles,whereflexibility

anddurabilityarerequired.

 Despiteitsadvantageousproperties,LDPEhasarelativelylowmeltingpoint,

typicallyaround105-115°C(221-239°F).Thislow meltingpointrestrictsits

useinhigh-temperatureapplications.LDPEalsohaslowertensilestrength

andstiffnesscomparedtootherpolymers,suchashigh-densitypolyethylene

(HDPE)orpolypropylene(PP)

 Insummary,low-densitypolymers,orLDPE,areversatilethermoplasticswith

excellentflexibility,toughness,chemicalresistance,andelectricalinsulating

properties.Theirlowdensityandhighflexibilitymakethem suitablefor

applicationsrequiringdurability,suchaspackaging,bags,andbottles.LDPE's

resistancetochemicalsandmoistureexpandsitsuseinthechemical

industryandoutdoorapplications.However,itshouldbenotedthatLDPEhas

limitationsintermsoftemperatureresistanceandmechanicalstrength

comparedtootherpolymers.

 NOTE:LDPEArenonrecycleble


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2.POLYMERSANDMATERIALS

PELLETS PURE

FLEX SHREDS

MELEIC SULFUR
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3.PROCESSOFMAKEINGPOLYMERS

MODIFIEDBINDERS

Ovenheatthevirginbinderfor1hourat163*C

Putthebinderonheater,settemp.@ 165*C&mixthebinderatlow

shearfor15min.

Whentemp.Goesabove165*Cthenaddpolymer

Mixthebinderatmedium shearfornext15min.

Afterthatstarthighshearmixingfornext30min.

Reducethetemp.Ofheater&mixbinderatlowshear

Thenaddcrosslinkers(ifany)

Mixitonmedium shearfor10min

Mixitonhighfornext15min

Mixitonlowshearfor10min

Afterthatovenheatthebinderfor1hourat165*C
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4TOTALTYPSOFBINDERMAKE

1.PURE

 2%Pure

 4%Pure

 6%Pure



 2%Purew/s

 4%Purew/s

 6%Purew/s



 2%Purew/m

 4%Purew/m

 6%Purew/m

2.PELLETS

 2%Pellets

 4%Pellets

 6%Pellets



 2%Pelletsw/s

 4%Pelletsw/s

 6%Pelletsw/s



 2%Pelletsw/m

 4%Pelletsw/m

 6%Pelletsw/m
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3.SHREDS

 2%Shreds

 4%Shreds

 6%Shreds

 2%Shredsw/s

 4%Shredsw/s

 6%Shredsw/s

 2%Shredsw/m

 4%Shredsw/m

 6%Shredsw/m

4.Flex

 2%flex

 4%flex

 6%flex

 2%flexw/s

 4%flexw/s

 6%flexw/s

 2%flexw/m

 4%flexw/m

 6%flexw/m
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5.OUTHERPERFORMEDPRACTICES

5.1HAMBURWHEELLOADTESTFORRUTING

5.2SEMI-CIRCULARBENDINGTESTFORFUTIGUE
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HAMBURWHEELLOADTESTPROCESS

ThegeneralstepsintheHamburgWheelTrackingTestprocessareas
follows:

1.PreparationofSpecimens:Cylindricalspecimensarepreparedfrom the
asphaltmixtureaccordingtospecificstandardsorrequirements.

2.Conditioning:Thespecimensareusuallyconditionedinawaterbathor
ovenataspecifiedtemperaturetoachievethedesiredtestingtemperature.

3.PlacingSpecimenintheTestingMachine:Theconditionedspecimenis
placedhorizontallyintheHamburgWheelTrackingTestmachine.

4.ApplyingLoad:Thecircularsteelwheelappliesaverticalloadonthe
specimen.

5.ImmersioninWater:Thespecimenissubmergedinwatertosimulatethe
effectofmoistureonthepavement.

6.WheelTracking:Thewheelisrotatedandtraversesthelengthofthe
specimen,applyingtheloadandcreatingtheruttingeffect.

7.MeasuringRutDepth:Therutdepthismeasuredatregularintervals(e.g.,
afteraspecificnumberofwheelpasses)toassesstheruttingresistance
oftheasphaltmixture.

8.TestEvaluation:Thedataobtainedfrom thetestisanalyzedtodetermine
theresistanceoftheasphaltmixturetorutting.

It'simportanttonotethatspecifictestingproceduresmayvarydepending
onthestandardsorprotocolsusedbydifferentorganizationsorcountries.
TheHamburgWheelTrackingTestisjustoneofseveraltestsusedto
evaluatetheperformanceofasphaltmixturesinthelaboratorybeforethey
areusedinrealroadconstruction.

Forup-to-dateanddetailedinformationontheHamburgWheelTracking
Testprocess,it'sbesttorefertotherelevantstandardsorguidelines
issuedbyrecognizedorganizationsinthefieldofpavementengineering
andasphalttechnology.
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SEMI-CIRCULARBENDINGTESTPROCESS

TheprocessoftheSemi-CircularBendingTesttypicallyinvolvesthe
followingsteps:

1.SamplePreparation:Cylindricalasphaltspecimensarepreparedaccording
tospecificstandardsorprojectrequirements.Thesespecimensarethen
notchedtocreateasemi-circularshape.Thenotchedregioniswherethe
crackinitiationandpropagationwilloccurduringthetest.

2.Conditioning:Thepreparedspecimensmaybeconditionedina
temperature-controlledenvironmenttoreachthedesiredtesttemperature.
Thisiscrucialasthetestevaluatesthelow-temperaturecracking
performanceoftheasphaltmaterial.

3.PlacingSpecimenintheTestFixture:Theconditionedsemi-circularasphalt
specimenisplacedinthetestfixture,whichconsistsoftwosupportrollers
andaloadingpinlocatedatthecenterofthespecimen.

4.ApplyingLoad:Aloadingdeviceorhydraulicactuatorappliesacontrolled
forceontheloadingpin,inducingbendingstressesonthesemi-circular
specimen.Theloadisincreasedataconstantrateuntilthespecimen
fractures.

5.CrackInitiationandPropagation:Astheloadisapplied,acrackstartsto
form atthenotchofthespecimen.Thecrackthenpropagatesalongthe
lengthofthespecimenuntilitreachestheotherside.

6.DataCollection:Throughoutthetest,variousparametersaremeasured,
suchastheloadappliedandthecorrespondingcrackmouthopening
displacement(CMOD).Thesedataareusedtodeterminethefracture
toughnessandcrackingresistanceoftheasphaltmaterial.

7.TestEvaluation:Thecollecteddataisanalyzedtocalculateimportant
fractureproperties,suchascriticalstressintensityfactor(K_IC)andcritical
cracktipopeningdisplacement(CTODc).Thesepropertiesprovideinsights
intothematerial'ssusceptibilitytocrackingunderbendingloads.

TheSemi-CircularBendingTestisavaluabletoolforassessingthe
performanceofasphaltmixtures,especiallyinregionswithlow
temperatures,wheretheriskofcrackingduetothermalstressesishigher.
Aswithanytestmethod,itisessentialtofollowtherelevantstandardsand
guidelinestoensureaccurateandconsistentresults.


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 PENETRATIONTEST

 SOFTENINGPOINTTEST

 ROTATIONALVISCOMETERTEST


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PENETRATIONTEST

Thepenetrationtestiscarriedoutasfollows:

1.Asampleofbitumenistakenandconditionedtoaspecifiedtemperature
(usually25°Cor25°C±0.1°C).

2.Astandardneedlewithaspecifiedweight(usually100grams)isallowedto
penetratethebitumensampleforaspecificduration(usually5seconds).

3.Thedepthofpenetrationoftheneedleisrecordedintenthsofamillimeter,
andthisvaluerepresentsthepenetrationvalueofthebitumensample.

Thepenetrationtestprovidesvaluableinformationaboutthehardnessor
consistencyofbitumen,whichisessentialforassessingitssuitabilityfor
variousapplications.Differentgradesofbitumenareusedfordifferent
purposes,andthepenetrationtesthelpsinclassifyingbitumeninto
differentpenetrationgradecategories.

It'simportanttonotethatthepenetrationtestisjustoneofseveraltests
conductedtoevaluatebitumenproperties,andadditionaltestslike
softeningpoint,flashpoint,andductilityarealsoperformedtounderstand
theoverallbehaviorandcharacteristicsofthebitumen.

Ifyouarelookingforspecificinformationrelatedtothepenetrationtestof
bitumen,IwouldrecommendreferringtotherelevantASTM (American
SocietyforTestingandMaterials)standards,astheyprovidedetailed
proceduresandguidelinesforconductingthetest.
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SOFTENINGPOINTTEST

Apparatus:

 Softeningpointapparatus:Itconsistsofaringandballassembly.Thering
isabrassringwithagroovethatsupportstheball.Theballisasteelball
thatrestsonthebitumensample.

SamplePreparation:

1.Arepresentativesampleofbitumenistakenfortesting.Thesampleis
usuallyintheform ofpelletsorsmallpieces.

TestProcedure:

1.Theringandballassemblyisheatedinawaterbathtoatemperatureof
5°Cabovetheexpectedsofteningpoint.

2.Thebitumensampleisplacedinametalcup,andthecupisplacedona
heat-resistantplate.

3.Theheatedringandballassemblyareplacedontopofthebitumensample
inthecup.

4.Thetemperatureisgraduallyincreasedataspecifiedrate(typically5°Cper
minute).

5.Asthetemperaturerises,thebitumensoftensandallowstheballtosink
intothesample.

6.Thesofteningpointisdeterminedasthetemperatureatwhichthebitumen
samplehassufficientlysoftened,andtheballtouchesthebottom ofthe
metalcup.

Calculation:ThesofteningpointisreportedindegreesCelsius(°C)asthe
averageofduplicateortriplicatedeterminations.

It'simportanttonotethatthesofteningpointofbitumenisaffectedby
factorssuchasthesourceofcrudeoil,thetypeofrefiningprocesses,and
thepresenceofadditives.Differentapplicationsmayrequirebitumenwith
specificsofteningpointstoensureadequateperformanceunderdifferent
environmentalconditions.

Thesofteningpointtestisjustoneofseveraltestsconductedonbitumen
toassessitspropertiesandsuitabilityforvariousapplications.Othertests,
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suchaspenetrationtest,ductilitytest,andspecificgravitytest,arealso
performedtocomprehensivelyevaluatethecharacteristicsofbitumen.

ROTATIONALVISCOMETERTEST

Apparatus:

 Rotationalviscometer:Theviscometerconsistsofaspindleorrotorthatis
rotatedataconstantspeedbyamotor.

 Samplecontainer:Thefluidsampleisplacedinacontainerorcup,andthe
spindleisimmersedinthefluid.

 Temperaturecontrol:Someviscometershavetemperaturecontrol
capabilitiestotesttheviscosityatdifferenttemperatures.

TestProcedure:

1.Thefluidsampleispreparedbyensuringitishomogeneousandfreefrom
airbubblesoranycontaminantsthatcouldaffecttheresults.

2.Theviscometerissetup,andthespindleisplacedinthesamplecontainer
withthefluid.

3.Therotationalspeedofthespindleisset,andthetestbegins.
4.Thespindlestartsrotatinginthefluid,andtheviscometermeasuresthe

torquerequiredtomaintaintherotationalmotionatthepresetspeed.
5.Theviscometerdisplaystheviscosityvalue,usuallyinunitsofcentipoise

(cP)ormillipascal-seconds(mPa·s),dependingontheinstrument's
configuration.
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6.CONCLUSION
In this summerinternship report,the focus was on recycling

plasticwaste,particularlylow-densitypolymers(LDPE),tocreate

modified binders forcivilengineering applications.The report

providedacomprehensiveoverview ofthematerialsusedinthe

process,themethodsofmakingthepolymersmodifiedbinders,

andthevarioustypesofbindersproduced,suchaspure,pellets,

shreds,andflex,withdifferentpercentagesofadditives.

Thereportalsodiscussedotherperformedpractices,includingthe

Hamburg WheelLoad Testforrutting and the Semi-Circular

BendingTestforfatigue.Thesetestsareessentialforevaluating

the performance and suitability ofasphaltmixtures forroad

constructionunderdifferentconditions.Additionally,penetration

test,softening pointtest,and rotationalviscometertestwere

mentioned ascrucialmethodsforassessing thepropertiesof

bitumen.

Asthereportconcludes,itbecomesevidentthatrecyclingplastic

wasteforcreatingmodifiedbinderscanbeapromisingapproach

toaddressenvironmentalconcernsandreduceplasticpollution.

Theknowledgeandmethodologiessharedinthisreportcouldbe

beneficialnotonlyinthefieldofcivilengineeringbutalsoinother

disciplines.

In conclusion,thissummerinternship reportprovidesvaluable

insightsintotherecyclingofplasticwasteforcivilengineering

applications and the importance ofproblem-solving skills for

engineering professionals.The knowledge gained from this

internshipwillundoubtedlycontributetotheauthor'sacademic

andprofessionalgrowthinthefieldofcivilengineering.
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