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ABSTRACT

Thecostofbuildingmaterialsishighandbeyondthereachofmanypeoplein
developingcountries.Thisresearchaimstoproduceaceilingboardcompositefrom
piliostigmathonningiifibreparticulatereinforcedwithstyrofoam adhesive.Theboard
wasproducedwithlow costmaterialshavinggoodthermalproperties.Furthermore,
thepiliostigmathonningiiboardyieldsthemeanvaluesofdensityof145.37kg/m3,
waterabsorption of10.062 % and thermalconductivity of0.148 W/mK.The
piliostigma thonningiiceiling board has low density values;percentage water
absorptioniswithintherangeandgoodthermalconductivityvaluesthatfallswithin
therequirement.Hence,theboardhasgreaterinsulatingpropertiesandshowsgood
potentialto beused asceiling board.Themacrostructureoftheboard sample,
revealed areasonablyuniform distributionofpiliostigmathonningiiparticlesand
styrofoam adhesivematrix.Thediameteroffibrerangesbetween1.0–12.61μm.

1. INTRODUCTION

Thegrowthofpopulationandglobalwarningproblem have ledtoanincrease
inenergyconsumptioninmanycountriesworldwide,duetoincreaseinbothbuilding
and comfortinsidebuildingsforliving (Lombard etal.,2008;Radhi,2008).The
increaseddemandsforrawmaterialsinwoodcompositeindustriesledresearchersto
investigatelignocellulosicfibrematerialsfrom locallyavailableagriculturalresource.
Theshifttowardstheuseoflocallyavailablelignocellulosicagrofibresisbecause
theyareingreatabundanceinNigeriafrom varietyofsourcesespeciallyplantorigins
whichareenvironmentalfriendly,lightweight,renewable,cheapandtheirabilityin
enhancingqualityofcomposite(AbdullahiandUmar,2010).ThisissupportedbyLa
mantia and Morreala (2011)who opined thatthe rising concern towards the
environmentalissuesononehandandtheneedformoreversatilepolymer-based
materialsontheotherhandhasledtoincreasinginterestinpolymersfilledwith
naturallignocellulosicagrofibre.Lignocellulosicfibersarelow costraw material,
abundantinnatureandrenewable.Besidesthat,thelessabrasivenatureofthe
lignocellulosefibersoffersafriendlierprocessing environmentand offered good
thermalandinsulatingproperties,easilyrecyclableandbiodegradableespeciallywhen
usedasreinforcementinabiopolymer.Naturalreinforcementshaveadvantagesover
reinforcementsasaresultofnaturalalignmentofcarbon-carbonbondsandalso
significantstrength,stiffness(Justiz-smithetal.,2008),low density,low costand
biodegradabilitytheyoffer.

Piliostigmathonningiiisawoodyplantwhichfoundinsavannahregionsthat
aremoistandwoodedgrasslandinlowtomedium altitudes.Itiswidelydistributedin
Africa.TheEnglishnameismonkeybread,camel'sfoot.Itisaplantwhichcontains
lignocellulosefibre,whichgrowsabundantlyasawilduncultivatedtreeinmanyparts
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ofNigeria.Thebasicchemicalcomponentoflignocellulosefibresinpiliostigma
thonningiiarecellulose,hemicellulose,lignin(Lange,2013).Thecelluloseconsistsof
high molecular weight polymers accounts for 40 wt% of the lignocellulose.
Hemicelluloseconsistsofshorterpolymersusuallyaccountsfor25 wt% ofthe
lignocellulose,whileligninaccountsfor20wt% ofthelignocellulose(Lange,2013).
Theincreasedenvironmentalawarenessleadstotheusageoflignocellulosefibersas
apotentialreplacementforsyntheticfiberssuchascarbon,aramidandglassfibersin
composite materials.Lignocellulose fibers have the potentialto be an effective
reinforcementinthermoplasticsandthermosettingmaterials(BledzkiandGassan,
1999).The styrofoam is an environmentalunfriendly solid waste styrene,non-
biodegradableandnormallythrownawayafteruseduringceremonies,occasionsand
afterothermaterialsbeingpackagedwereremoved.

Styrofoam isaverylightweight,hardplasticmaterial.However,itisformed
whenair(orother“blowingagents”)blowthroughmoltenpolystyreneasitisextruded
tofoam upandproducesthelightfoamymaterialknownas“Styrofoam”.Theyare
non-biodegradableandreadilysolubleinacetonebutinsolubleinwater(Arokeetal.,
2012).

Fiberboardisabuildingmaterialcomposedofwoodchipsorplantfibers
bondedtogetherandcompressedintorigidsheets.Itisalsoatypeofengineered
woodproductthatismadeoutofwoodfibers.Theceilingcompositeboardisapanel
productmanufacturedunderpressurefrom particlesofwoodorothercellulosefibre
materialsusinganadhesiveasabinder.

Ceilingplaysanimportantroleincreatingtheperfectambiencethathaveability
toimprovetheacousticalsystem inplaceforacontrolledenvironmentthatcanbring
inthedesiredresults(smallroom oralargehall),absorbingtheunwantedsounds
(controllingthetransferofsoundfrom oneroom tothenext),reducesnoise,heat
insulators,soundinsulatorsandenhancestheappearanceandaddsvaluetothe
existingarchitectureofbuildings,andcanbeusedinholdingupbuildingmaterials
suchas electriclights,smokedetector,securitycamerasandsignagewhichare
commonlyattachedtotheceilings(NemliandAydin,2007).

Thisresearchwillfocusontheproductionofceilingboardfrom piliostigma
thonningiiusingstyrofoam adhesiveasbinder,thatcanhaveapotentialapplicationof
goodacousticandlowthermalconductivitysoastoreduceheattransferintobuilding
aswelldecreasestheenergyconsumptionofbuildingfacilities(air-condition),reduce
theoperationcostandalsohelptopreservetheenvironment.

2. MATERIALSANDMETHODS
2.1 MaterialsandEquipments

Raw materials:-Themajorraw materialsforthisworkarethestem fibresof
piliostigmathonningiiOthermaterialsincludestyrofoam,unsaturatedpolyesterresin,
sodium hydroxide(NaOH),gasoline,distilledwater.
Equipments:-Compatiblelinearheatconductionaccessory,Grander(GradplexM12),
DigitalElectricalweighingbalance(MettlerP160N),Storagebowl 5000ml,Stirrer
(magneticandglassrod),Electricdrying oven(MC21438BPPLG),Press(94030626
CatC43/2),Sieveandaperture,MeasuringCylinders,steelmould,scanningelectron
microscope(SEM)
2.2 SamplePreparation
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2.2.1 Preparationofstryofoam adhesive
Thestyrofoam werecleanedandmadefreeofdirt.Fortygrams(40g)of

styrofoam wasdissolvedin120mlofgasolineandstirredtoenhancethedissolution
ofthestyrofoam.Inthisresearchthe60%unsaturatedpolyesterresinwasmixedwith
40% dissolvedstyrofoam adhesive.Theformulatedsolutionwerestirredtwicedaily
foraperiod ofaweek,untiltheformulated adhesivereacheshomogeneityand
stabilization.

2.2.2 Preparationofthepiliostigmathonningiiintowoodparticles
Thepiliostigmathonningiistemswerecollectedandwashedthoroughlywith

cleanwatertoremoveanyunwantedparticles.Thecleanedpiliostigmathonningii
(stem)werereducedinto chips,thenmercerizedusing5%w/vsodium hydroxide
(NaOH)solutionatroom temperaturefor24hours.Thepiliostigmathonningii(chips)
werethoroughlywashedinafreshtapwaterandairdried.Thedriedchipswere
groundintosmallparticlesizes.Thesieveanalysisofparticleswascarriedoutin
accordancewithBS2377:1990.

Table1:compositionofmixing
S/NO. Piliostigma

Thonningii

Styrofoam

adhesive

Temperature

(OC)

Pressure

(kg/m3)

1 100 50 100 500

2 50 50 100 500

3 50 100 100 500

4 100 50 50 250

5 50 50 50 250

6 50 100 50 250

7 100 50 25 50

8 50 50 25 50

9 50 100 25 50

2.2.3 SampleProductions
Three(3)numbersofmouldsof0.15m by0.15m wereconstructedwith

thicknessof0.10m.Therequiredquantityofpiliostigmathonningiiparticlesizeswere
mixedwithpreparedstyrofoam adhesiveratiosandcompoundedintothesteelmould.
Pressureandheatwereappliedforcrosslinkingandhardeningtheboards.Figure1
showtheproductionprocessflowdiagram.Theboardssamplewerecutandprepared
for characterization tests subjected into:-Density,Water absorption,Thermal
conductivityandScanningelectronicmicroscopy(SEM)
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PRODUCTIONFLOW DIAGRAM

Styrofoam Adhesive TreatedPiliostigmathonningiiparticles

Figure1:Processflowdiagram oftheproductionofceilingboard

2.3 TestProcedures
Thesampleswerecutfrom theproducedceilingboardforthetestsaccording

totherecommendedstandard.Priortothetest,allthesampleswereconditionedata
temperatureof23±2°C.
2.3.1 Determinationofdensity

ThedensitiesoftheboardsweredeterminedinaccordancewiththeAmerican
Society forTesting and Materials (ASTM)C303-02 (Standard testmethod for
dimensionsanddensityofpreformedblockandboardtypethermalinsulation)(ASTM,
2004).From eachoftheboardsprepared,three(3)samplespecimenswerecutfor
test.

Thevolumesofeachspecimenwerecalculatedusingequationasfollows:

Volume(m3)=length(m)xthickness(m)xwidth(m) (1)

Themassofeachspecimenweredeterminedusingdigitalweighingbalanceand
themassrecorded.Thedensityofeachspecimenisdeterminedusingequation(2)
basedonASTM C303-02,Dagwaetal(2012).

Density = (2)
kg

m
3

weightofthecomposite

volumeofthecomposite

2.3.2 Determinationofwaterabsorption

ThewaterabsorptiontestwereconductedaccordingtoASTM D1037,2004.
Thespecimensofdimension0.14m x0.14m x0.1m usedinthedeterminationofthe
densityeachspecimenwasimmersedinwateratambienttemperatureof24hours
untilequilibrium.Thespecimenswereremovedandpatteddrywithatowel(lintfree)
andthenweighedusingadigitalweighingbalance.Thedryweightbeforeimmersion
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(W1)andtheweightafterimmersion(W2)werenoted.Thewaterabsorptionwas
expressed as the percentage increase in volume based on the volume before
immersion.Equation(3)wasappliedtodeterminethepercentagewaterabsorptionin
accordancewithASTM D570(Klyosov,2007).

= x100% (3)W
A

-w
2
w

1

w
1

Where: istheweightofthesamplebeforeimmersioninwaterand theweightofw
1

w
2

thesampleafterimmersioninwater.
2.3.3 Determinationofthermalconductivity

Thethermalconductivityoftheboardswasdeterminedinaccordancewith
ASTM.TheequipmentusedforthetestwasArmfieldHT10XCHeatTransferService
UnitandHT11CComputerCompatibleLinearHeatConductionAccessory.From each
oftheboards,four(3)specimenswerecutinform ofadiscofdiameter(d)251mm
andthethickness(x)wasmeasuredandrecorded.ThetemperaturesT1,T2,T3,T7,and
T8werereadandrecordedfrom theconsoledisplay.Thethermalconductivity(k)ofa
materialwasdeterminedfrom equation(4),(5)and(6).

k= (4)
Heat×Distance

Area×Temperaturegradient
Thetemperaturedifferenceacrossthespecimen

∆T= - (5)T
hot

T
cold

Where andT
hot=

T
2-

( )T
2-
T
3

2
T
cold=

T
6-

( )T
6-
T
7

2

ApplyFourierrateequationtodeterminethethermalconductivity(k)ofaspecimen

Q=-kA (6)
ΔT

Δx(WmK)
2.3.4 MicroscopicAnalysis

Thescanningelectronmicroscope(SEM)(JEOLJSM-6480LV)wasusedto
identifythesurfacemorphologyoftheceiling board compositespecimens.The
microstructureanalysisofthepreparedboardswasperformedonthesurfaceofthe
boardsbyScanningElectronMicroscopy(SEM).Aspecimenofabout3cm wascut
from each sampleto serveasa truerepresentation ofthesampleforsurface
preparation.Thesurfacewasthenthoroughlycleanedandpolishedtorevealthe
surfacecontrastandthenmountedonaspecimenstage.

3.0 RESULTSANDANALYSIS

TheresultsofdensityareshowninTable2

Sample
No.

Length(m) width(m) Thickness(m)
X

Weight
(Kg)

Volume(m3) Density(Kg/m3)

1 0.14 0.14 0.0085 0.0268 0.0001666 160.86
2 0.14 0.14 0.009 0.0325 0.0001764 184.24
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3 0.14 0.14 0.0085 0.02685 0.0001666 161.16
4 0.14 0.14 0.0085 0.0336 0.0001666 201.68
5 0.14 0.14 0.008 0.0233 0.0001568 148.59
6 0.14 0.14 0.009 0.0364 0.0001764 206.35
7 0.14 0.14 0.009 0.02325 0.0001764 131.80
8 0.14 0.14 0.009 0.02852 0.0001764 161.67

9 0.14 0.14 0.0085 0.0242 0.0001666 158.34
Mean 145.37

Table2:Resultofwaterabsorptiontests

Sample
No.

Weight(w1)
(Kg)

Weight(w2)
(Kg)

Water
Absorption
(%)

1 0.02836 0.03601 19.97
2 0.0362 0.0365 0.83

3 0.0243 0.03038 18.02
4 0.0336 0.03383 0.68
5 0.0259 0.0326 18.87
6 0.0385 0.0388 0.78
7 0.02532 0.02899 10.49
8 0.02852 0.03288 11.28
9 0.02856 0.03217 9.64

Mean 10.062

Table3:ResultofThermalconductivitytests

Sample V I Q ∆X A T1 T2 T3 Th T6 T7 T8 Tc ∆T K

1 10 1.05 10.5 0.05 0.0006688 110 119.8 118 117.1 36.5 35.1 35 37.2 79.9 0.098
2 10 1.05 10.5 0.0094 0.0005766 110 95 60 42.5 35 36 36 34.5 8 0.21

3 10 1.05 10.5 0.0085 0.0004913 110 93.2 74 64.4 34.8 34.9 35.4 34.75 29.65 0.06
4 10 1.05 10.5 0.009 0.0006218 110 97 60 41.5 36 36.4 36 35.8 5.7 0.27
5 10 1.05 10.5 0.008 0.0005331 110 90.5 62 47.75 35 35.2 35.5 34.9 12.85 0.12

6 10 1.05 10.5 0.009 0.0005331 110 98.2 60 40.9 34 34 34.6 34 6.9 0.26
7 10 1.05 10.5 0.008 0.0005331 110 90 72.8 64.2 35 35 35.2 35 29.2 0.05

8 10 1.05 10.5 0.009 0.0005331 110 98 64.5 47.75 35 35.5 36 34.75 13 0.14
9 10 1.05 10.5 0.0085 0.000599 110 95 63 47 34.5 34.7 34.8 34.4 12.6 0.12

Average 0.148
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PlateI:Piliostigmathonningiiboardfibrematricsizes

Figure2:Piliostigmathonningiiboardfibrehistogram

3.1 ANALYSIS

Theresultsofthetestsonceilingboardsproducedfrom piliostigmathonningii
fibreusingstyrofoam adhesiveasbinderinTable3aboveshowsthatthedensityof
theceilingboardsisbetween131.80kg/m3 to206.35kg/m3.Theboard’sdensity
increasesastheratioofthebindertothefibreincreases.Thepiliostigmathonningii
fibreceilingboardsrecordedlowerdensitythanthatofconventionalstandardceiling
board ranged from 350 to 400 kg/m3.Therefore,increasing the binderin the
compositionwillreflectincreaseindensity.Thelowerdensitycompositesboards
derivedfrom naturalfibreshavehighervoidsandporesasaresults,theboard
absorbedmoremoisture(Rakeshetal,2011).Thepercentagewaterabsorptionofthe
producedpiliostigmathonningiifibreceilingboards,rangedfrom 0.68% to19.97%.
Theresultscanbefavourablycomparedwiththatofconventionalstandardceiling
board.Organicmaterialsgenerallyabsorbwaterreadily.Inaddition,naturalfibres
derivedfrom lignocellulosearehydrophilicinnaturewhichcontainstronglypolarized
group,thus,increasing thequantityofthefibrein a composition increasesthe
percentageofwaterabsorption(Rakeshetal.,2011).Thethermalconductivityvalues
rangedfrom 0.050W/mKto0.27W/mK.Thedecreaseinthermalconductivityofthe
lowerdensityboardswasasaresultofthepresenceofair,whichisapoorconductor
withinthevoidsintheboard’sstructuretherebyreducingitsconductivityPanyakaew
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andFotios(2011).Thepiliostigmathonningiifibreceilingboardsrecordedthermal
conductivityvaluesthatarecomparabletothatofconventionalstandardceilingboard,
thisofferedagreatpotentialforuseasceilingboard.Themacrostructuralstudyofthe
boardsample,revealedareasonablyuniform distributionofpiliostigmathonningii
particlesandstyrofoam adhesivematrix.Itcanbeseenthatthepiliostigmathonningii
particlearenotdetachedfrom thebindersurface.Thestrongbondoccurredasa
resultofgood interfacialbonding between the binderand reinforcement.The
histogram showsthatthediameteroffibrerangebetween1.0–12.61μm.

Table 5:Contains the piliostigma thonningiiceiling boards results gotten were
comparedwithstandardceilingboard

Boardtype Density Water Thermal

(kg/m3) absorption conductivity

% W/m K

PiliostigmaThonningii 131.80-206.35 0.68-19.97 0.050-

0.27

CeilingBoards

StandardCeilingBoard 350-400 < 10% 0.050-0.150

SON;ISO(8302;1991)

4.Conclusion

Thepiliostigmathonningiifibreboardcompositewasproducedwithlow cost
materialhavinganoveralllightweightandfairlygoodproperty.Theboard’sdensity
increases as the ratio ofthe binderto the fibre increases.The boards have
correspondinglylowerdensities compared to the standard boards.The board’s
percentagewaterabsorptionfallswithintheconventionalstandardboardvaluesmade
from organicmaterials.Thepiliostigmathonningiifibreboardshavepotentialsforuse
asthermalinsulationhavingthermalconductivityvalues,thermalconductivityvalues
fallswithintherequirement.

The utilization oflocallyavailable agro lignocellulosic fibre from piliostigma
thonningiifortheproductionofceilingboardusingstyrofoam adhesiveasbinder,with
aviewtoexploreitspotentialsforuseasaceilingboardwithgoodthermalproperties
andConversionofnon-biodegradablewastematerial(styrofoam),towealth
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