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ABSTRACT 

The cHmate in Malaysia ii humid throughout the year. The avaage daily tiemJ1e.talure in 
Malaysia ia between 21°C to 32°C. Typiailly, winds :limn the Indian Oc:rm (Sou1hweat 
Monsoon,. May to Septrmher) and the South China Sea impact Malaysia's cJimate (North-
11.utem MODBOOD - November to Man.lb). B seceives around 80 percent of its annnaJ 
pncipitation, which varies fi:om 2000 to 2500 mjmndles. Aa:mding to th11 Malaysian 
Meteorological Department, Malayaia lw been experiencing the 80uth-west molllOOll, 
which bas n:sultcd in a hot and dry climete betwma July and mid-Septrmber, wi1h 
trmpaatures 1"ac:hing 35°C to 40°C Malay mail (2021, July 21). Fn:quently oc:c:mring 
natural dieeetm in Malaysia are Bash ilooda can•ed by lleeYy ninfall According to the 
Agensi Pengurusm Bencana (NADMA) of Penimular Malaysia, 33 districts iD. eight states 
have been .impacted by flooding (Perak, Selengor, K'Uala J..!""P'U', Negeri Sembilau, Melab. 
Ktolantan, Terengganu, and Pehang). Dllri1lg a natural cataauophe, hundreds of roads and 
highways remain dosed, iwulting in unplanned Wa1er and power olllllpt. In 
~ with low~ hoWling, residents in siDg!Mtary connected mridences are 
Ulllbl11 to shift thmmelves and thm posussiom to the 'llppCll' floors, so aggmva1ing 1h11 iMue. 
There have been Ddical evacuations due to a lack of iOocl, water, electricity, and medicine 
far the elderly and other ehronieally ill individuals. Using a boat, Fire Rescue and Malaysia 
CMIDepartmc:mare wisting in the relocation ofndimgcto anew sheltu. Heavy rain diat 
OCCl1l8 iDMalaysiafiom. September to December will came tlashtloods in Malaysia. Besides 
that, hmdslide also occur c1uriJ18 11. heavy rain in a cartain location. Many people losing their 
family member and properties such as ho1l&C during the natural disaster phenomenon. 
Generally, the 'Yic1im shelted at 1he high building such 111 school or commmity hall !hat :llr 
away &om the natural disaster. We can use the waste of sugarcane fiber combiDlll wi1h 
polyesa Aluminum Honeycomb Panel to prodllce a cheeper shelter forteh victim or natural 
disaster instNd of placing them together with crowded people in the community hall. 
Somelimea the cmmmuril¥ hall is closed for land aetivity auch u a sport activity and 
wedding ceremony. We can mate a shelter by using a sugarcane fiber and po~ 
Almnin1m Hcmaycomb Panel in open apace. The main aim of this l.'llllel1'Ch is to e!Dbrate an 
iml.ova1ian idea by using a wl8te 8IJgllC8l1C fiber or natumt materid to produce a cheeper 
lhlllm- during natural disaster. To indmitify lb.11 lhmmal conductivity and thermal nsisbmce 
of combination of matuial polyseta aJmninium honeycomb panel and sugarane fiber. 
'Jbennal conductivity C('mmOlll.y repreaented by (k) is 1he imrillaic capacity of a aubstance 
to mnsfer or conduct heat. B is one of tbrel! heat transmission tedmiqucs, 1hll othO!' two 
being CODVection and ndiatio11. Thi8 heat tranafer mode's Die equation hi 'bued on Fourida 
Jaw of heat conduction. Howllver, Themud resi.stmce is defined u the 'llllio of a maklrial'a 
tcmperatllle diffe1ence between ita two sides to its rate ofheatflowperullituea. The1hamal 
reaiftaMe of a 1eldilc materill. iDfluenca ita heat iJllnlatjon ability. The greater the fhennal 
J'l'Alist•llN!, the less heat is lost. The sampl11 l with 0with%fibs1w the high .... t mnnber of 
the thermal conductivity and 1he Jowett mmber ofthennal rai81mlee. Howwer 1he sample 
6 12 with % of fiber rew1ded 1he lowest thmmal amduclivity and dul higbeBt 1Mmml 
nsistance. So that the best sample for produce shelter hot humid is sample 6 bccn8c it 1w 
the lower tbamal CODductivity and the highest tlt.i I l!haJ mriatllnce. 
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Ddim di Malayaia adalah 1embap sepenjang tahun. Purata auhu harian di Mala)'lia adeJali 
IDfana 21°C hingp 32°C. Luimnyll, angin dari l.1•rtan Hindi {MOD!llll Bmat DaYBt Mei 
hinga September) dm Laul: China Selatm mrmlxri baan Bpada iklim Malaysia (Monaun 
Uma-Tinrur • Ncm:mber hingga Mac). Ia meau:rima sdd1ar 80 peratlJ8 daripada ke!p88811 
tabWlllDllya. yang bcnbcm. dmi 2.000 hingp 2500 m.ilimnr. Mlmurut Jahatan Meteomlogi 
MalaJBil. Malayaia te1ah meuga1ami m.cmsun bmt daya. )'IDJ meqaktfftlnm itlim pmu 
dan keriDg imWa Julai elm perteDga1um Scptrmber, dengsn suhu """"'"'ab 3S°C hingga 
40°C Malay mail (2021, 21 Julai). BenMM aJam yang krnp berlalm di Mala)'lia ialah banjir 
killlt yang ditebabbn oleb hajm lebat. MelllllUt Agenai PenguN1m Bencana (NADMA) 
Semtmanj1111g Malaysia, 33 daenih di Japan negimi teJah tmjeju akibat banjir (Pink, 
Sel•nglll', Kllala Lumpm, Negeri Sembilan. Melab, Kdantan, TcreqpmJ, dm pabmg). 
Semasa malspetab semula jadi, beratUHatua jalan elm lebuh raya IRb1 ditatu_p, 
mtmpkihatkan bek:alan air cl.an bekalan elektrik. W:rputus. Di kawasan lcojiranan denpn 
paumahaD. kot nwtab, penduduk. di kediaman bersam.bwlg satu tingkat tidak clapat 
mengaHhkan diri dan harta bmda mcnka b tingl<at ataa, jadi IDllllburukbn lqi iBU. 
Terdapat pemindelwm perubnm kerana kelmrangan maJ<anan, air, eleklrik:. dan ubat-ubatan 
un1uk warp emas dan individu lain yang sakit hunik. Menggunabn bot, Bomba 
Pcn:yclamat clan J1batan Awam Malaysia membantu dalam penempatan semula tcmpat 
perlilldangm Jee pmat perUndl!npn babaru. Hujm lebat yang berlaJm di Mllay8ia dmi 
September hingga DiSl!!Ilber akan menyebabbn banjir kilat di Malaysia. Selain itu, tllllllh 
l'lllltUh jvga be:rlaku semasa bujan lebat di lobsi tel1m1U. Ramai 01'8113 kehilanga ah1i 
bhwp d.an harta benda seperti rumah scmaaa fell.omen.a bencana alaln. Secara 111111ya. 
mangaa barteduh di bangunan tinggi seperti sekolah atau balai raya yangjauh dari bmcana 
a18m. Kita boleh menggunakan sisa gentim tebu yang di~ dengm Panel Sarang 
Lebah Aluminium poliester untuk mcmghasilbn tempst perlindimgen yang lebih nmnih 
untu1c mangaa atau bencanaalam clan lrubnnyameletalclcannya beruma onmgramai di ba1ai 
mya. Kita bolehmencipta. tempat perliMnngan dengan mmggimaJam gentian tebu danPanel 
Sarang Lebah Abmrlnium poliestm di lcawasan lapang. M•tlamat utama penye1idibn ini 
adfllah UDtuk me:ngembmghn idea inovui dmgn mengg.mm11 Ilia& gentim tebu 8lau 
bahan srmula jadi llll1Dk numghaailkan tempBl ps!nuhmgan yang lebih ID1llllh llelllBla 

bencna a1mn. Untulc mmgemal puti l::damdllbian 'lama clan rintangan haba pbunpn 
bahan polyaeah:r a,lnmjnhm panel samng lebah dan gmtian tebu. ~ teDDa yang 
biasanya diwaldli oloh (k) iaJah bpuiti intrinsik. baban un1ak mmriodablcan atau 
mengelirklnhaba. Jaad9Jah aalah aatlldmipada tiga tebikpeughlDtmn hlba, daa lagi ialah 
p1110labn clan ainanm. PeJll!IDPm bdar mod pemindalum baba ini adalah bscfasadam 
lmbm penplinm haba Fourier. Rintangan haba bah.an tebtil mempenpruhi bapayaan 
pcmbat haballya. San•kin besar ri111artgan baba, """'Hn sedikit haba yang hilaag. Sampel 
I dtmpn 0 drmpn gentim % mmnpunyai bilangan bbmdnhian tmma hlrlinggi clan 
bilagan rintangan haba terelldah. Bagai"""aptlll llm!pel 6 12 &ngan % gartian 
mm11mdkan blrondubi1111 babe yang paling nmdah clan rinbmgn haba tertinggi. Sampel 
terbaik untuk menglwilkan tanpat perlindnnpn h;mbap panu adalah sampe1 6 bnma ia 
mempunyai hkoDduksian baba yang lebih :rendah clan rintangan haba yang paling lillggi. 
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CHAPTER I 

INTRODUCl'ION 

1.1 BackgroaDd 

The c:limate in Malaysia is humid tbrougboul the year. The average daily tcmpemme 

in Malaysia is between 21°C to 32°C. Typically, winds from the Indian Orem (Southwest 

Momoon, May to September) and UM: South China Sea impaet Malaysia's climate (Nmtb.

Eaatml Monsoon. • November to March). B receives around 80 percent of ita amrual. 

piecipitalioa, which vlrie8 from 2000 to 2SOO millimelrea. AccoMing to the Malaysian 

Moteorologieal Depanment, Malaysia bas beon. experiencing the touth·wost lllOllS001I, w'hic:h 

bas mnilted. in a hot and chy climate betw- July and mid-September, wid! tmnperatmn 

mdring 3S°C to 40°C Malay mail (2021, July 21). 

Fmi_uen.tl.y occurring natural disasters in Malaysia are flash :floods caused by heavy 

ninfaD. Acconting to the Agcnsi Pcngurusan Benc«na (NADMA) of Peninsular Malaysia. 33 

dimicts in eight mtes have been impac:tM by flooding (Peiak, SeJangor, Kuala Lmnpw, 

Negsi Sembilim, MeJab. KeJmtan, TrmmggaD11, llDd Pahmg). During a natural catastrophe, 

h1111dn:d8 of IU8ds lllld bighwaya remain clolCd, resulting in UllFlanned wah:r llDd power 

outages. Jn ucighbomltoodll with low-co&t 'J1o!"ing, midenta in singl~story COllJlCCted 

midencea lftl UDabhl to lhift fhemse\ves and tbdr poaaesaiou to the upper floon, ao 

agravating 1hD i1sue. Thme hav11 1wn medical avacuations due to a lack of food, water, 

elDc:lricity, and lllllllic:iu fir the 11ldcrly and othllr clmmically ill individuals. Using a boat, Finl 
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Rescue and Malaysia Civil Department are assisting in the relocation of refunge to a new 

shelter. 

Figure 1.1 shows flash flood at Shah Alam 

Thermal analysis techniques are experimental procedures that study the relationship 

between the qualities of a material and its temperature. It is possible to acquire parameters such 

as enthalpy, thermal capacity, mass changes, and heat expansion coefficient. In the realm of 

materials science, thermal analysis is a crucial analytical and characterisation method. This 

technique may be utilised to determine the thermal characteristics of synthetic polymers and 

biomaterials with distinct phases and morphologies. Differential scanning calorimetry (DSC), 

thermogravimetric analysis, thermomechanical analysis, and dynamic mechanics analysis are 

long-established thermal analysis techniques. 

DSC is the most essential of these techniques for thermal analysis. In addition to 

modulated-temperature DSC, quasi-isothermal DSC, and rapid DSC, it was also manufactured 

into various varieties. The various DSC techniques and methods are utilised to determine how 

the temperatures, heats, and/or specific heat capacities of various materials, such as low

molecular-mass substances, amorphous and semicrystalline synthetic polymers, and 
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biopolymm, chmp when diey wu!ertJo various tbmnodynamic and kinetic chmpJ. Jn 

addjtion, DSC can reveal haw the slnlctunl ofpalymen alters as they are hmted, cooled, and 

maintained. at a eonstant tmlpenltunl. Jn addi1ion, tb.11 computation of nweming and 

ajm11ltanoomly. 

I T hermal Analysis I 
I 

Mass Temperat1.1r e other parameters, 
or heat flow e .g . d imension 

' 

I I I 
Th&t'mOQl"aVim&try Dlffel"'ence Thf!fmomechan1c&I 

TG Thermal Analysis OTA Ana lysis TMA 

' , Orft'erentlal Scanning Oyn<imlc Mechanical 
Calol"jmet ry DSC Analysis OMA 

,.r Thermooptical 
~ A n<i lys1s TOA 

I Thermosonlmetry TS I 
Figure 1.2 shO'll'8 the mechod and parametn of thennal analysis. 

1.2 Problem Sutemellt 

Heevynill that occun in.Malaysia:liom September to December will c:auac fluh floods 

in Malaysia. ~ides diat, landslidc abo occur during a hea¥Y rain in a certain location. Miily 

people losing di11ir family memblll' and properties such as house dllring the natunl diaul8r 

pbenom!S!on Tbylllllld to wait until the nscu team to tnmferh! victim to the c:onfurt zone. 

Galmlly, 1he vietim shelti:d at the high building 1111Ch u school or community hall 1hat far 
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We can ue the was= of sapn:anc fiber combine with polyester Aluminum 

HanBycamb Pmiel ID pmduco a cheaper llhelmr for mh 'Victim or natun1 disaster instead of 

placing thmn 1ogiether with crowded pl!Oplll in the community h8ll. Som...Um ... lhD i:ommunity 

h8ll ia closed for land activity such aa a qiort activity and wMding ceremony. We can create 

a shelter byuaing a augamme fiber and polyesller Aluminum Honeycomb Panel in open apace. 

1.3 llelearch ObJedlft (Two or time ollJectlv• for 1tudy HOpe completed ID two 

-ten> 

The main aim of this ~h is to elobrate an innovation idea by using a wasie 

Specifically, the objective• Bl1' as followa: 

a) To 1tudy the theanal analysil of 1he sugareane fiber and abnninium 

honeyccml> penel and itself properties. 

b) To indmrtify the thermal condactivity and thmnal nmallmee of 

combination of maleri.aJ. polyaester alwninimn honeycomb panel and 

wgarcane fiber. 

1.4 Scope ofRaearch 

The scope of Glis study incl11de1 the following: 

• The mean:h amlysis focus" on sagan:ane fibJe with pol-yestermatrix 

a a c:ompo1ite sheet that adhm!a to honeycomb aluminimn aa a 

sandwich mamial. 

• To get rid of die moistin in die Suguanc fiber, diey wen dried in 111. 

oven at 10S°C for 48 ho1111. 
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• During thcnnal. analysis, the :like 1e:ng1bs are altued, including 

c:hoppe4 and Iona fibre si7a 81111,..Mnmly distributed~ as a 

compoille. 

• By altering tbc -volume percentage and 1Re1iDg fibre• widl chemicals 

such as NaOH 81111 Aeeume, thmnaJ moclnctivity is meuund. 

• Diff'm:n1ial ""nning ailarimetty (DSC) was med to analyse the 

thermal analysis of &ugan::anc fibre by measuring 1be energy 

tnnsfim!d to or :&om a sample experiencing a physical. or rJ,mnical 
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CHAPTER2 

LITERATllRE REVJEW 

z.o Onnlew 

This section will describe the meaning of natural fibles and 1here are many typet of 

fibms tlw C111 be collected on the earth's reaomces. Next, in order to mab • good materiel 

composite of fiber, the selection of natural fibers is limitM'lo low-cost fibers withhiglupccifie 

propadies, low demity, and eco-fi:iandly ID be c:onsidmd Meanwhile, the natural fiber will 

join with the ll1mninium honeycomb p111111l to c:eate 11 shelter far tho hot humid climate. 

Furthermore, the material preparation will show the step.by-!lti:p :from the cleaning of 1lllm8I. 

fiber to the beat type of aluminium honeycomb ]lllld joining topther. Lut but not least, the?e 

arc seveml testing materials that will be conducted on thU final yar project. 

2.1 Natnral Fibre 

Natural fibres derived from planis and animal have been med. by humans since the amt 

of civili7.ation (Oanguly et al, 202.2). Since thaJ, as human needs have evolved, these na1ullllly 

occuning fibcn haw discovcnd D.llW applil:aliom and :limctiom. Due ID their high lpllcific: 

lllmlglh. low dmaity, and biocompablrility, du:ae natura1 fibres lllRl p1jm1 118 :liller llllderiabs 

in 2lat<mtuJy advanced composites.Due to ill low emrgy uaage. mjnjmum material waste, 

and eue of :lilbrication of complex CODIJMIDCl111, additive IDlllllflcturin has pined pmmil¥'!DM 

as the futnre llllllldanL 
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2.1.1 Type of Natani Plant Fiber 

The lll3llUf'actmin llCCtor typically n:q_uiml fi.ve l;ypcs of natural plant :lilm:a, including 

seed fi~s, leaf' &hre8. fruit &bR&, stalk fibret, and but fibrea. 

I. seed fibres· The fibJa eDnlctecl from die seeds of several plant speciet. 

IL leaf :li1m:a • The natural :fibla that may be emactcd from variOllS plant 

leave&. examples: pineapp]D 1111d banana leaf :fibre&. 

III. Pruit fibret • The plant :lilm:s exlml:Cl:d from 1hl: fi:ait of a plant (cocmwt film:, 

ngereane fibre8). 

IV. Stalk fibres • The l1ltllnl fible8 ct1racted from 1he stalka of sevenl plant 

species. Wheat straws, bamboo fibtM, nu and barley pl.ant Simi fibres, and 

stmw are aome ••mples. 

V. But fibres - The natural fibres derived fi:om the outei:m1111t layer of Item cella. 

Jute fibrea, flu fibres, v:ine fibres, industrial hemp fibres, ke:uf fibm, l1lttllD 

fibn:s, and ramie fibl\ls are examples of bast tib:res. Da.e to 1hl: robust quality of 

these fibres,. they are commonly utilised in 1eXtiles and packaging. Fp 2.1 

depicts a picture of natural fitn, whereas Figun1 2.2 comparea the qualities of 

fib1a 
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Flax Kenaf 

Hemp Sisal Abaca 

p · I 
Figure 2.1 shows the image of natural fiber 

Physical Properties Chemical Properties Mechanical Propertie s 

Fiber Density Diamete r Length Cellu lose Hemic<!llulose lignin Tensile Strength Young's modulus Elongation 

[gm/cm') [µm) [mm) [wt.%) [wt.%) [wt.%) [MPa) [GPa) [%) 

Flax 1.4 - 1.5 40 - 600 5 - 900 70- 75.2 8.6 -20.6 2.2 - 5 345 - 900 27 - 80 1.2 - 1.6 

Kenai 1.2 - 1.45 12 - 37 4- 110 45-57 21.5 8 -13 295- 930 53 0 1.6-6.9 

Hemp 1.4 -1.48 10 -500 5 - 55 70-75.1 2 -22.4 3.5 - 8 300-800 30 - 70 1.6 

Jute 1.3 -1.5 25- 200 1.5- 120 61-75.5 13.6 -20.4 5 - 13 200- 800 10 - 55 1.8 

Sisal 1.2 - 1.5 8-200 900 47.6-78 10-17.8 8-14 100-800 9.4-28 2-3 

Abaca 1.1- 1.5 132-266 900 56-63.7 17.5 15.1 705 -1041 9.8-14.8 3-12 

Coir 1.1 -1.46 10-460 20-150 32-43 <1 40-45 13-220 4-6 15- 40 

Figure 2.2 shows the fibres properties comparison. 

2.1.2 The Application of Natural Fibres 

In the construction industry, natural fibers, particularly certain glass fibers, are widely 

utilized in a variety of building materials. Several sectors, including the automobile and 

electronics industries, use cellulose fibre for a variety of purposes, including the automotive 

and electronic industries. These natural fibers can be utilized to create noise-absorbing panels 

and insulation. Moreover, natural fibres may have medical benefits because they can be used 
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to produce biomaterials. Chitin, for instance, r:an be nti1ized to elhninete certain hamdous 

Table 2.1 The advamage and disadvantage ofllSing natural tibia 

Adva11taoe of natural :fibres Diaadvlntaoe of natural fibres 
Lc:a1 Bpecifie wcigfrt n:mllll in higba Lower B1mlgtb, espcc:iaDy impact ll&mJgh1 
mecific mui atifliless dian mus 
Renewable resource, little energy Chmp quality afFectcd by weather 

·on, low C02 emiaaion 
No too1s wear, and n.o 8lWl iailalion were IJIBumcieat m.oiRw:e remtanec, whkh 
observed· • out . fibm nr"'--
Little cost 

. on wilh low invesb:&wt Minimum -~.!tted . 
't.!mnl!fttme 

Ru:ellmt c1edriCld n:aistaDce Rechice .. 
Ru:ellmt dltimal and acoustic: • . 

Leck~ rmstance 
Bio le Low wilh hobicpo 

2.2 Mataial Compmhe for Natunl lllbra 

A cumpwite Illllteria1 is a material made up of two or more materials, each of which 

have the :finest fe8tlm:8 of diem Ill Low dtmity, cue of molding into 1he proper &hape, 11114 

low chemi® resil11mce all play a role suc:h as imsaunted polyester resin (Binti Mod Hafidz 

et al., 2022). Unsatunted. polyestms am n••••lingly diverse in teima of 1hmr properties and 

mes, mui !hey have become a preferred !hmnosct matrix matmial for composites (Aziz et al., 

2005). Jn COll1pll'i&on to other lhermosettmg n:tim, they have a number of advamagea, 

including die ability to cme at room tempentme, superior mechanieal qualitiea,mui 

trauparau:y. Al a result, lhty are hquendy 1lled in the inclutrial scetor. 
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Nm, the wmpoeitc of fibres aw.:h u hybrid composites 8IC c:reatccl by combinina 

multiple minfon:Dig •gmrts in a single polymer matrix ID impmvD thD composite qna!iti ... 

(Baria et al, 2022). By c:ombiningmultiphl minfmcing olemmrt., it ia possible ID achil!VD ei1her 

a aynergiatic or &11tagaaiBtic impact. The :6:aturet C8ll aJao be modified by balancing the 

favorable chanctmltic:t of one material. with die negative clwacteriatics of llllOther. The 

inclusion of nmnemm reinforcemarts into a matrix pm>ides a greater nnge of qualities diat 

are in•W!!l""hla in composites with a single fiber ll!infomement. Synthetic fibers have 1wn 

mcd to make high-pc:rfonnance polymer matrix 11umpositc pmduc:lll 1111Ch as fiber~ 

plastic 1mlkl, airplane componel1tll, car parta. and building panels. 

In addilioll. the novel high-performance phenolic thermo8et polybenzoxaziw:: min hu 

mhanccd ldralgth. remarbble resilience, a hip glass transition temperature (Tg), robust 

tlwmal stability, great flame ICtanbmcy, and. low dielecttic charac1mistics. It bas a low water 

abloqJtian nte and iB ronot1ion ICaistaot (R•nvlpj ct al, 2022). Natunl :6bmi, ccnmics, and 

md8l fillm have all been used to improve lb!: ~aability and filler ndioa of 

pobf"'nrmazine composites. This is owing to the law A...stage viscosity and broad procetsing 

window of the materials. On the baais of dwsc mataiala, it is anriQpetecl that rcinf'orce4 

polybenmxaziM systems would uhibit ..,b,,.,rwf thmmal and medianical c:apabilitias, aa well 

u enhanr:ecl conusion n:silfance. Figure 2.3 depicts the composite matrix material 
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l 
Thermosets 

Biobased Biobased 

PBAT PLA Epoxy Soy-based Epoxy 

PVC PHA Unsaturated Polyester Linseed-based resin 

PE PU Sunflower-based resin 

pp Phenolic Resin 

Figure 2.3 shows the matrix material composite 

2.3 Honeycomb Sandwhich 

A common biomimetic shape that is both lightweight and sturdy is a honeycomb 

sandwich construction. The honeycomb structure is either natural or artificial and has the shape 

of a honeycomb to decrease the amount of used material to achieve minimum material cost and 

minimal weight (Ramiz, 2020). Honeycombs and honeycomb materials are used in the 

fabrication of sandwich panels with a honeycomb core that has exceptional compression 

strength. Using paper, thermoplastics, or fabric as core material permits the fabrication of 

lightweight honeycomb structures with considerable structural strength independent of the 

strength of the building components. 
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2.3.1 The type of 1111dwidl hon.eyeomb pand 

Four types of honeycomb panels are manufaetund today: alaminium houyeomb, 

D.OIDIEl honeycomb, thmmop)aatic bomycomb, and 11tainll!U steel ~- AlnmiDJllD 

honeycombs ~de the greatclt strenglh-to-wcight ratio and & wide range of geometric cell 

8hape1; their properties llRI clmminr.d by foil flliclmest and cell me. These panel• have 

varioua cell ai7.ea met s1iajlC8 that are mdhemati"81Jy related to the thicbeta and ai7.e of the 

foil. As honeycomb panels, the alnmjninm c:ompcmadB are aolid blocks diat have not been 

lllDtchcd into sh.ms. PIDKlls made of al•nninimn houyc:mnb offer the benefits of being durable 

md ftexible. Alnnrimnn honeywmb panels are c:orrosion-n:sistant, perfonn well at high 

trmperatmes, and an: nOllCOll!but1"b~. These pae!a do not abaolb moisture wl. an: Rtiatant 

to fimg1ls as a result . .AlumDrum hone)wmb panels may be readily macliil!Cld met fonned. 

Tablo 2.2 show images ofhcmcycomb 

Nmnex ban~ are comtnJctlld with Nomex paper, which is fODD.ed &om Knlar 

fibres. These honeycomb eores have both high s1reng1h and fire rceistance. Thill paper is 

mtmnfactmed ftom theDl10llelting phellolic-imp!egn•ted mctwramid aheeta. NOlDeiX 

honeyeomb panels ~de high durability and fire reaiatance. The8e panels are often utilised 

in !hi! inlmiors of aeroplanes. Thi! Nomex panels have a low dmsity, great medumical strength, 

wl. strong stability. They provide good d!mmal inanlatian and have a high stnmgdi-to-weight 

nitio. They are bmeficw in 1hat they may be shaped into tbm:-dimeDSional fomu. 
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Thege thermoplastic honeyeomb com are readily rccydable and lighlweight, and they are 

available in aeveral shapes, sw:h as: 

• ABS provides smface hanfnms, tenacity, rigidity, dimmsion stability, and impact 

reaistan.ce. 

• Polycmbonatc provides superior light ttansmimm, UV n:sistam:e, self

millguishillg qualities, and heat i:esistance. 

• Polypropylme lw high Memical miatance and u a cost-effective mmrial for 

pneral-pwpme COia. 

Sblinlen steel ~bs are IUllOD8 the moat durable homycamb panels on the marbt, 

making them peifect for lwab setting& and ~-atel!ing facadee. Where ill application i1 

located 

• 1et planes and rockl:t suuctme 

• Jn the :lictitiouaization of'ligbt. water, thlid8. and lir. 

• Jn electric shielcling encloswu 111d wind turbh1c blades, c:cJlldume material& m:e 

uaed. 

• Jn mchitectmal OIJl8ide curtain wall and clean room pmell. 

• Jn the rail KCtor, diMC protective structares absorb eneraY and are also utilised to 

make docm, flooring, enmgy absorbenlbumpin, and fumitunl. 
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2.3.2 The Type of Shape Sandwich Honeycomb 

The most frequent kind of impact protection and energy absorption is hexagonal 

honeycomb. In addition, square, triangular, circular, and auxetic honeycombs have good 

impact resistance. Therefore, six kinds of honeycomb structures with identical mass and 

thickness will be manufactured and modelled (Wang et al., 2020). Bach's relative density will 

be determined. To reduce the impact of the face sheets, just the honeycomb structure core will 

be examined. The most prevalent auxetic honeycomb is the reentrant hexagonal honeycomb, 

which exhibits apparent auxetic behaviour along in-plane directions and a distinctive synclastic 

curvature characteristic along out-of-plane directions, which may aid in enhancing energy 

absorption performance. It has been used for out-of-plane air blast impact investigations and 

has good impact resistance. In addition, honeycombs with triangular cells are more robust 
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during in-plane dynamic crushing than honeycombs with square or hexagonal cells, resulting 

in larger plateau stresses. The complete out-of-plane study of triangular honeycomb has not yet 

been uncovered. Therefore, the kinds of square and equilateral triangles will also be compared 

to those of other triangle types. Figure 2.4 Cross-sectional image of one unit cell and structural 

parameters of (a) hexagonal honeycomb, (b) reentrant honeycomb, ( c) square honeycomb, ( d) 

triangular honeycomb, (e) circular honeycomb in square arrangement (CS type}, and (f) 

circular honeycomb in hexagonal arrangement (CH type). 

/ 

O r· ) 

( a ) 

- 4 t, 

( d ) (f) 

Figure 2.4 Cross-sectional image of one unit cell and structural parameters of (a) hexagonal 

honeycomb, (b) reentrant honeycomb, ( c) square honeycomb, ( d) triangular honeycomb, ( e) 

circular honeycomb in square arrangement (CS type), and (f) circular honeycomb in hexagonal 

arrangement (CH type). 

2.4 Material Preparation of Natural Fiber 

This section discusses the extraction and chemistry of natural fibres. The retting method 

and the mechanical decoricator will be explained as two ways of fibre extraction. Alkaline 
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treatment, silane treatment, acetylation treatment, and benzoylation treatment are the last 

chemical treatments used to transport natural fibres. 

2.4.1 Fibres Extraction Method 

Retting and mechanical decortication are the two most used methods for removing 

natural fibres (Aravinth et al., 2022). The choice of extraction process depends on the kind of 

plant, such as bark, leaves, seeds, or roots. To extract plant fibres, the plant's chemical 

composition must be removed or dissolved, including pectin, hemicellulose, lignin, and any 

other waxes present. Depending on the extraction method, the recoverable fibre length might 

vary. Figure 2.4.1 shows the classification of fibres extraction 

Dewretting Water retting 

Figure 2.5 shows the classification of fibres extraction 

1) Retting process 

l 
Mechanical 
decorticator 

Retting is the process of extracting plant fibre by the natural degradation of pectin, 

hemicellulose, lignin, and any waxy or gelatinous components present. The time of retting 

ranges from 14 to 25 days, depending on the kind of plant. Microbes and water break down the 

plant1s muscle tissue during the retting process, leaving behind the plant's fibre. Pectin, 

hemicellulose, lignin, and gelatinous substances are referred to as "muscle content" here. The 
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quantityoffibleoryietd is continprton diecff'cctimicssofdie rcttingprocess. 'lbcrearetwo 

way. to finish tba Retting procedun!: cbnv Jetting and water ntting. 

Dow nitting nmn to 1he bnakdown of phmt muaclel 1hat dew filcilitatee. In this 

h:dmiquc. the plant's stem or lllaik waa npovd to the open air for two to four weeb. The 

plants cellular111118Clea degnide when exposed to llllml1 e1emmt1 lib u SUDlight, airm.oistwe, 

ud dew, but the fibre remains intact. Depending on ell1mll1 variables, the dma1ion of an 

OJl61ationmayvmy. Dew Jetting is used in mgiam when daytime tempsatmes should be wmm 

ud noctmml cbnv tevela should be high. This sort of envhulllldlt crcatell high-quality film:s. 

However, dew-retted fibres me of lower quality than wateMeUed fibres and may be RC:Oglliaed 

by colour. 

Ferinemation usists in the breakdown of the plan!.'s muscle tissue during watr:rrettina. 

The plant'a stmn or lltalk is sulnnl!rpd in water for a pariod of timll, and the fmnflDtatinn 

process bmiks down the planf11 tillllues, loaving behind tho fibre content Care muat be 

exercised lllroughout 1hi8 p.roce4ure to avoid i$ring lhe fibres, wbic:h might result in a toa of 

mrimical llll.'ellgth. Mainlain the appropriate time for high..quality fibre maaufactming. For 

water soun:es, atationary er 1llDVing water, such as ponda, rivers, tank water, etc., may be 

employm. The majority of atrm and bast fibres, incJudingjute, hemp, roselle, and bamboo, me 

n:muved by means ofwah:r and dew n:tting. The dew Idling and wah:r rettingprocc:sses me 

bolh timc-cominning; hence, lhe mWanjcal decartiCltm process may be Uled. 

2) Mechanical 

The 1111111e of thi11 appl08Ch auggeatll that plant fibres were barveatcd via mecbani..:al 

meas. Using a llllCCC88ion of mechanical rollen, the plant wa squee= to remove the 

adhesive chemicals and oum layers. This results in the development of superior fibres. To 
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achieve the desired qu.antity Dd quality of fibm. the plant was consistently fed and. its 

miperlluous lllUllCl.es were eJimin•tecl The :liben were dim dried for scmnl hours to eliminate 

my lingmmg moidunl. Following the Jllechanilllll decmlicalion of fiben, pl!Ctim, 

hemiceDuloae, and. lignin will be present in the fiber, which may be elimiDa1cd by chemical 

lreatment to improve the fibel"11 amf8ce quality. Typically, a med>mical decorticator is U8ed to 

emact fibres from leaf-hued SOU1'Cel such as agave, pineapple, abaca, ell: •• 

2.A.2 Clbemkd lrcatment of utunl Sbra 

The p:resence of hydrophilic cellulose alters the in1erfaeial adhe'rio:a of the polymer 

malrixand.fibl.'ellduetothebydrophobicnatareof1bemalrix(Sldhillhetal.,2021). 0nem.e1hod 

for optimi•int the interaction between naMal fibres and polymer matrix is to chemically treat 

tho ~s. >.,, it ~ tho hydroxyl fbnetional groups on tho surface of the ~ and 

incnases the surface roughness, it improves the mattix-fiber interface. By inc:nuing the 

surface roughness of the fibre, iii &en11iti.vity to moisture is reduced, and the matrix md fibre 

aie lllJC('eesfuJJ:y ink:rlockM. a number of challical tecJ!Mquea may tramform hydropbilic 

namral fibres into hydrophobic onet. Albli ~etment, silw tmetmmt, ccetylttion, 

benzoylation treatmmt, potassium pr:rmanganate, lltarlc acid treatmmt, polymr:r eoaring, graft 

polymmUalion, iBocyanate, maleatm coupling agent, and peroxide 1mdmcmt m1 mnong the 

most pmralent rlimiical lmdmenlll. 

Due to ifs simplicity end conve:nieace of achninilllnltion, alkali 1hmpy is the most 

common chemical t>\'e!mmt, and ita effi.cacy is somewliat higher dia d:l8I of other thmpies. 

Tho goal of this proceea is to RllllOVe the hydrvxyl group :&om tho :fibre by treating ii with 

soh11io111 of sodium hydroxide, potassium hydroxide, or lithimn hydroxide.. During this 
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proccdme, non-celhJlogh: ccnnponcnll 8llCh u hemicellulose, pectin, lipin, and other sticky 

compounds 11n1 eliminated, and die fibre's smface m1gfm!llll is ilu:rewd, which is 

ad.V11Dtageoua at the fibre 111111:rix interface. 

The primary goal of llilllle treatment is to interlock 1he matrix and fibre. This is 

accomplished chemically by ming 1he ailae'a two functional groups. The first component. 

silmo), combines with die hydroxyl group in the fibre, while die sec:ond group reac1s with the 

matrix. Thistmlllts inself-cond111utionandthe fmmatianofahyclroc:mbonc:hain, whic:hhelps 

chemically bond 1he matrix and fibre. The handling of silanc is primarily determined by 

hydrolyais time, a fimc1iollll. group present in silane, pH, and temperature. Triethoxy vinyl 

silw, vinyl ttime1hoxy Wane, and aminopropyl triechoxy silane are the most often ntiUted 

sillDCI in silane treatment. Tbae silanes arc ~billed with an alcohol, such as methanol or 

elhanoJ, and water at a ratio of 60:40, and then allowed to n1n for 30 to 60 mimrtes. The pH of 

lhc solution JllllSt be maintained at 4, and mietie acid may be added if required. The fibre may 

be steeped in (he solution befare being dried at 60 degrees Cdaiu&. Due to 1he inmeaed contact 

bctwc:en mati:ix and filll:e, the tensile slre.llg1h of the composite iDct:eues. 

The goal of acetylation is to enhance 1he :fibre's aurmce. The fibre is llteeped. in an acetic 

anhydride solnlion for two to tluee hours, with aclllic acid added as a c:atalyst to aalelmalD the 

pmcc:ss. 'l'lm method includes 1111 esh:rific:ation n:action between the iwetyl and hydroxyl 

groupe of1he fibre. This procees yieldt acme acid u a byproduct. Finally, 1he film's 8\lrface 

is refined and made smooth. Ace11te iOllS are ranoved :&om the fibre uahig water. This 

tmltmentwillreduce 1he moisture absorption of ju~. hemp, and flax fibres by SO to 65%, hmce 

enhancing matrix and fibre inlmloc*ing. 
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Darin& benzoylation, fibm are treated with bemoyl chloride. In this technique uina 

sndiim hydmxida sollll:i.on for a1kali. tnoiatment, die hydroxyl groups in thD fihnl 'Mml activated, 

md the lignin, wimN, ad Cft!!ting sticky lllllterid wem etliminatll'l With benzoyl chloride, 1he 

activated hydroxyl group ia. the fitft waa then reacted Thia will remove the hyrdoxyl group 

by a chemical i:eectioD that convem benzoyl chloride to benzoic acid. leaving chlorine 1hat 

may be removed with walr;r. The thamal and tensile qualities of aisa1 and mgar palm tibml 

antbettm. 

2.5 Testing Material 0. The Na111l'al Filler 

In die field of Dllrterials research, thermal analysis is an es11S1tial analytical and 

clwlwterlaation Uiclmique (Xue It al., 2020). Thill technique may be med to dekmline the 

1fwmaJ characteril1ica of biOIDlllerials and aymhetic polymers with diffi:rem.t phases and 

mmphologi.es. Traditional tJieimaJ anal)'Bil methoda include differential scezming calorimetry, 

thnmogravimdric analysis, thcrmomeehauical analysis, and dynamic mechanic analysis 

(DMA). The DSC is the most impodall1 themi.al analysis technique among those mentioned. 

Thia wu fi>llowed by moc!nlided-tempc:ratme DSC (MT-DSC), quasi-isothcmml DSC, and 

qukk DSC (F-DSC). Numaoua DSC me1hoda and tcchnique8 characlerite the te:mpentures 

and hem and/or diang¢11 in spccilic bw capacity daring the!mod)'lllmic and kinetic 

tramitiou of a variety of materials, including low-molocular-Dllll8 ~. amorpho111 and 

aemiaystalline aynthetic polyman, and biopolymen. 

Monitoring the ll1mctulll1 changes of polymen during Meting, eooling, and i10thennal 

teat8 ia aJao potlBible usiJlg DSC. Moreover, the calrnlllfion of revenUlg and nom:everaiag heat 

flow may help distinguish between separate trauitiona. DSC ia a common technique for 

cletWing thermally induced phase 1nD8itiou and lllnlcturl1 chanps in natural fibres such silk, 
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cellulose, chitin, and collagen. Physical transitions and chemical processes often entail the 

release or absorption of heat, allowing DSC to identify differences in heat fl.ow mt.es between 

the sample and the reference. Variation in heat flow rates is caused by the sample's specific 

heat capacity. In noniso1hermal crystallisation research. DSC can thus identify the glass 

transition temperature and the increase in heat capacity at the glass transition, the melting and 

boiling point, the heat of fusion and heat of vaporisation, and the crystallisation temperature. 

In addition, DSC is often used to assess the kind of nucleation and crystal development dwing 

isothermal crystallisation experiments. 

i 
Cokl crystallization 

Cross-linking 
(cure) 

Temperature 

Oxidation or 
degradation 

Figure 2.6 show an ideal DSC nonisothermal heating CUIVe of a semiceystallin.e biopolymer material 

In addition, the thtnnal degradation of the fibres was evaluated by reconting TG/DTG 

and DTA thermogmms of fibre samples with NETZSCH STA 2500, a thtnnal analyzer with 

flexible software for the temperature nnge of room tempemture to 600 °C at a heating rate of 

10 °C/min under ulll'apum N2 and air (80/20, N2 /02) atmospheres (Subrmmmim & 

Vijayaknmar, 2021 ). The sample size ranged from 4 to 9 mg, the protective gas (N2) flow rate 

was 60 ml/min, and the pmge gas flow rate was 40 ml/min (air or N2). CruCJ.bles made of 

alumina were used as sample containers and as standatds. The temperature was calibrated using 

In, Ag, Au, Cu, and Al metals of spectroscopic quality. 

21 



Calibration standards for enthalpy (H) wme indium mmal and calcium oxalam 

monohydrate1. Tha ...timeted H values in Jig were daCennined by calculating 1he mdothennic 

and ~ peak region& mcl.oeed by the peak and interpolated bl8e line. Stacking and 

amlysillg the captured theanograma using 1he proteous dwarc. Fipm 2.6.1 dilough 2.6.3 

show the TGIDTA IDd mG tbmnograma ofunprore11ed, partially dclipitied, and blea.chcd 

Allamancla BlJ111dietti Stem fibJm and 1WpIUCl!llaed c:ot1Dn :li1mis RICOJded. in N2 or air. The 

c:utyweightlossup to 100 °Cin TG1111dtheendothmn111about57-58 °Cindifl'en:ncctherm•l 

dclipified/blcacbed Allmi•nda BlanchcUi, and n.w cotton fiber, as eva!uall:d by weight tou 

at 100 •c, was 6.9%, 6.6%, lllld 5.3%, respectively. This showed that the moisture content of 

raw and delignifiedl1'Jeached AJ!amanda Blanduitti fibm:s wtn equivalmrt, but higher than that 

of r:aw cotton. 

It aeemed tbat the moisture content of'bolh uo.trWed and Cl'eaied Alla:manda BlailcheUi 

mhanttd 1he Allamanda Blanchetti fiber's capacity to absorb moisture. Due to the fi.ct that a 

C----,.....nt .. • tabiJi"ty d" 0 

........,;.., .:..-...:- _ .. ~-"--- -'--'-~,r---1 I ' 1mcm11ma, r--J UUJ.UAUUU, .... um5lla ;au~ may UC'Am!UJ.....:11 

if it bas a high moisture cantent, the fiber's :moiatme content wu a CIUcial characteristic for 

composite applieatiom. The eqoihDrium moisture COlltellt of treated AllamJ111da BlmrJicUi 

fiber wu found to be lo~ Ihm that of sisal, jute, 8lllt, knan•, nettle, hemp, and ramie fibers 

(8-22.% by weight). 
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Figure 2.6.1 shows TG/DTA thermograms for raw Allamanda Blanchetti and cotton 

fibers under Ni 

Raw Allamanda Blanchetti, raw cotton, and delignified/bleached Allamanda Blanchetti 

fibers started to disintegrate at 308,7 °C, 303,3 °C, and 343.2 °C, respectively, when exposed 

to nitrogen dioxide (Figure 2.6.1 and 2.6.2). This demonstrated that the thermal stability of the 

raw Allamanda Blanchetti and cotton fibers under N2 was almost same, and that the thermal 

stability of the Allamanda Blanchetti fiber enhanced after alkali treatment and bleaching. This 

is because layers such as wax, pectin, hemicellulose, etc., which disintegrate at lower 

temperatures than cellulose, are removed. The lower initial degradation temperature (331 °C) 

for delignified/bleached Allamanda Blanchetti fiber in air compared to N2 was due to oxidative 

degradation in air. Thermal decomposition of cellulose in an inert environment (N2) produced 

a DTG peak (Figure 2.6.3) associated with the creation of macromolecules with unsaturated 

ring structures. Unfortunately, this peak partly overlaps the exothermic mass loss peak 

associated with cellulose oxidation in air. Thus, the major DTG peak in air is lower in 

temperature than in N2. The disappearance of the shoulder peak of the DTG curve (Figure 

2.5.2) between 230 and 260 °C indicates the loss ofhemicellulose and pectin in the treated 
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Allamanda Blanchetti fiber. The residual mass at 600 °C for raw Allamanda Blanchetti and 

cotton fibers in N2 was 18.22 and 15.04 wt percent, respectively, with the greater mass residue 

in raw Allamanda Blanchetti fiber attributable to larger amounts of wax, pectin, protein, etc 

(Figure 2.5.1). Maximum mass loss (49 wt%) of raw Allamanda Blanchetti fiber in N2 was 

recorded at 340 °C, whereas the corresponding values for raw cotton fiber were 342.5 °C and 

50.3 wt%, respectively. 
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Figure 2.6.2 show TG and DTA traces for delignified/bleached Allamanda Blanchetti fiber in 

air and N2 
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Figure 2.6.3 shows DTG thermograms of raw cotton, raw and treated Allamanda Blanchetti 

fibers in N2 or air. 
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Again. drls indicated diat the tbcnnaJ stability of the raw Allamanda Blandidl:i fiber 

wu equivalent to that of the raw cotton fiber. Jn contrast to N2, where the tnamd fibs degraded 

in a single lltep, it decmnpwed in two 1tep1 in air (Figure 2.6.2 and 2.6.3). The oxidative 

breakdown of Gle stable m.olewles acated in the fint lll8ge ia mponaible for 1he two-phase 

dell:rioration in air. The greetest mu1 l0111111:mpendw'e and coi:reaponding mua lou meaauml 

for the treated AJlamanda B1anchetti fiber in air and N2 :lbr the early degrading ph-were 

346.4 and 364 °C and 42 and 57wtperccmt,11111pectively. The weight lllu oftm!ed.Allamanda 

Blanch.ctti fiber up to the inflexion point (483 °C) in the tmmd lm:akdown .. was 

6{).PfO•imete}y 98 wt pen:ent in air and 86 wt pen:cm Wider N2. At 495 °C, the lftated 

Allamtnda Blmrlidti fiber in air campletely dishrtegrated, lesving no remnant, bat m N2 it 

dell:rioratcd by 86 wt%. 

The diffimmce fhmmal mml.ysis trace of raw FMB fiber in the p!""""'K'e of N2 

lh:mau1rated two exotherms at 361.6 and 463 °C wi1h about 163.7 and 2S9.3 J/g change in 

enlllalpy (H) at these ~ tetrpeciively (Figure 2.6.1). Thia was the outcome of 

hcmicelluloae decomporition. Raw cotton also had two aothenni.c reectiDm at 3S9 and 461.2 

°C, with H values of 182.4 and 461.2 J/g, rcspcctivcly. The lack of these exo1hmm in die 

differmce thennal analysis trace of alkali-tmated A111111!8!1da Blanchlllli fibs (Figure 2.6.2) 

wu attributed to the mnOYlll ofhemicellulose during albli Jn:alment. The tmibl Allamanda 

Blulchetti fiber displayed 111. endolherm (about H - + 141 J/g) at 367.4 °C in N2 due to heat 

degnwlation of the celluloae content (.Pjgme 2.6.2). Due to cmdltive decompoaition, the lftated 

Allanenda Blanchetti fiber degraded iaotheimkally in air, with cxodicrmic mama at 363 

and 485.6 °C and H values of appmximalely 932.2 and 803.l Jig, rmpc!Cliwly (Figunl 2.6.2). 
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Thermal conductivity ia an ess 11jaJ characteristic of thermal insulating matr:riall Uled 

in ccmstructions, and it varies ammig mamrials. The imu1ating chamctmilllics of composite 

material1 am affected by a llWllbc!r ofparamc!bml, including fiber typo, fiber/adhesive intmface 

structme. demity, paiticle size, and poJlllity. All prodiMWI h)'brid oompositea are Uled aa 

building iuulmion aince !heir values are within die defined rmgell mr thenn•I iDBulaton !or 

strw:1llres (Mawmli et al., 2022). There is a link between die high water absorption levels and 

the low fhmmal <""'vl11mvity coafficicmm of dill8e compositm, since the foamy region af the 

oil palm 1nmk otrm a sub&tantial amount of empty space, hence lowuing the thermal 

corulnctivity af compoditet. The high water absorption valus of tbe samples wen: destined to 

be mllowed by low tbei-1 canductivity. 

Using the ttusient electro4herm•I (TH1) method and the steady~ electro-themial 

(SET) teclmiquo from 320 KID 7 K, polyimide (Pl) Wlllp*ite fibeni (crystallinity less dum 2% 

to 10-At)were genetated (Xiang et al., 2022). Suheequm1ly, thermal oondnctivitytc:ata utiliaing 

theASTM Cl77.JJ7 (33) technique were condw:tedataconstao.t temperature on all lSOmmx 

150 mm. :r. 10 mm sample6 of each kind of hybrid composites. Four 1hmnocouples wen: med. 

to meesure two samples inside and owside the box, two samples inside and two samples 

oubide. 
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2.6 CoadlllioD. 

In tia dmpter, we i:vnduct a literature miearch on 1hc pnMCJWI pmducta of the 

extraction and poceaaing of ll8tmal fibers. Many natural fibm, lib u 11ugucane fibc:r8, may 

be extiated from earthen aoun:a without damaging 1he environment ml used to create 

houaing. clothing, Bild wbk:le wmpcments such as bumpm and bodyl::its. Lmge quantities of 

sugammo :fibms am pmdw:ed in Malaysia. b1ll ba(!I""' fibmi 11n1 di3C8ldec1 after sugamme 

juice eidnctiOD. llminee 1'agasse :6bem arc II n:u.ewable mimm:e 1hat is also biodegradable, 

llley may be uaed to mm a hot, humid ahclter. The na1Unl fiber 1DU11t be subjected. to a 

chemical trmmmt in ozda to eJjmjnaw any und.etim:l moistuftl or pmticlet that may be 

pn11mt. We II1ll.St choose the Slllldwich composite of suprcane fiber and polyesll:r ahuninium 

honeycomb from 1he rmeardi jomnals sinc:e it ii durable, inspemive, and lightweight. The 

optimal mdhod for 1111111.y!ing the 1hemuil ~fuls of natural fibera is diffeJential 

ecanning calorimetry. Difktemial 8C8!1!!ing calorimelry ceclmique8 and me1boda explain the 

tan~•. heats, and/or c~ in specific heat capacity during the thermoclynami.c and 

kinetic tnmsitions of various materials, such as low-molecular-mass compounds, mncnpho111 

and smniccyirtalline synthl!tic polymers, and. biopolymm:s. 
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CHAPTER 3 

METHODOLOGY 

3.0 lntrodllcdon 

T.brough thU i:Jiapeer, we wm e:KP!aiD Gle ~ de«ilJI' to develop 1he nabl!lll fiber 

of sugan:ae fiber with a c:ompoaite pol~r aluminium panel far hot, humid climalll lhelter 

application based on 1he literatmc review in die previous diftll'C". The selection of m.amia1 

Upmids on the C06t and mitabllity of material to Dbrlcam the sbeltm by uaing the sugan:me 

fibar mul Iha compoaim polJ'ISlt'f resin ll1uminium hoD.eJ'lOmb smdwicb. In cmll!r to fabricate, 

1he best equipmmt baa CO be C01111idercd, so.ch as im. oven. stim::r, mould, etc. Last but not leaat, 

1he arrangement af the aperiment 8dllp should Cll.8ute it foUow die machinoe proctdmie. 
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3.1 Flow Chart 

Literature review 

Figure 3.1 shows the flow chart of the experiment process 

3.2 Research Design 

This thesis presents a new combination of aluminium honeycomb and sugarcane waste. 

The selected combination is based on a thermal study of honeycomb, which has excellent 

thermal conductivity for hot-humid shelter applications and may be enhanced with polyester 

resin derived from sugarcane waste. The size of the honeycomb is either 1.5 mm or 2.5 mm. 

The fiber size is reduced to six millimetres and chemically processed. The experiment must be 
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undertaken to identify which material must be used to construct a shelter for a hot and humid 

region. 

3.3 Material Selection 

3.3.1 Sugarcane Fiber and It Chemical Treatment 

Sugarcane is the greatest crop in the world and it can be produce in asian country such 

as malaysia, india, and indonesia. The natural sugarcane fiber uses in this investigation was 

sourced locally. According to previous research, the typical fiber length was between 0.1 cm 

and 0.8 cm (depending on your fiber). The leftover components, which are typically referred 

to as bagasse, are generated as byproduct after the sugar canes are compressed Bagasse is a 

lignocellulosic substance made up of 45-55 percent cellulose, 25-30 percent hemicellulose, 

and 18-24 percent lignin. Three main components make up a sugarcane stem where the fibers 

(73%), pith (5%) and rind (22%). Both the pith and the rind's outer layer have been investigated 

as potential fiber sources. Compared to the rind which has a density of 550 kg/m3, the pith has 

a significantly lower density (220 kg/m3) and is made up of coarse fiber and numerous big 

cavities. Figure 3.2 the sugarcane baggase fiber. The natural sugarcane fiber was submerged in 

water for 24 hours to remove impurities, such as oil or sugar, that could hinder mechanical 

perl'ormance. Next, the sugarcane residue is exposed to the sun to evaporate any remaining 

moisture. Table 3.2 Procedure cleaning sugarcane fiber 

Figure 3.2 the sugarcane baggase fiber 
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The alkaline treatment also known as mercerization, is a chemical process in which 

natural fibers are submerged for a predetermined amount of time and at a predetermined 

temperature in a solution of sodium hydroxide (NaOH). An amount of the lignin, 

hemicellulose, wax, and oils that normally coat the outside surface of natural fibers are 

removed during the alkaline treatment, which changes the fibers' surface. Figure 3.3 the sodium 

hydroxide and Table 3.1 sodium hydroxide properties. 

0 SYSTl<RM • 
C:::..:::..Hf'<l•tlill'tt1· • ___=:l 

Figure 3.3 the Sodium Hydroxide. 

Table 3.1 Sodium Hydroxide Properties. 

Contain per litre at 20'C 

In di cater 

Actual normality 

Specific density (20'C) 

Colour 

Table 3 .2 Procedure cleaning sugarcane fiber. 

Bil Step 

1 by using the sucargane machine extractor the 

sugar was seperated into the container and the 

fiber were left behind 
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2 To esure the fiber was cleaned from dirt, it 

soaked with sodium hydroxide (NaOH) for 30 

minutes and water is used to remove excess 

NaOH solution 

3 Drying the wett sugarcane fiber at 100 'c for 6 

hours using Oven 

4 The fiber was blend to remove cotton 

5 Filtered unwated cotton on the sugarcane fiber 

3.3.2 Material For Sugarcane Fiber Composite 

I 

Polyester resin is a viscous liquid resin and it made from a glycol and an unsaturated 

dibasic acid condensated. This polymer is distinguished by its transparent, pale yellow tint and 

a double bond between its carbon atoms (C=C). Figure 3.4 the nordsodyne polyester resin and 

and it hardener Figure 3.5 the butanox m-50. Table 3.3 the norsodyne polyester resin properties. 
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Figure 3.4 the Norsodyne polyester resin 

Figure 3.5 the butanox m-50 

Table 3.3 The Norsodyne polyester resin properties. 

Specific weight at 20°C 1,10 g/cm3 

Brookfield viscosity at23°C, sp 2 rpm 50 450 -650 mPa.s 

Solid content 56-60 % 

Exothermic peak 90-110 'C 

Aluminum honeycombs possess the highest strength-to-weight ratio of any structural 

materials. The thickness of the foil and the size of the cells determine the range of geometric 

cell formations and properties that are present. The resultant honeycomb is stretched to create 

a sheet from a block that has not been expanded. In particular applications, such as maritime 

construction, honeycombs made of aluminium are susceptible to corrosion. When a cored 

laminate meets this type of honeycomb, it irreversibly deforms. So, for this experiment, 
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aluminium is the appropriate material to employ. To increase the mechanical qualities of 

honeycomb panels, polyester resin can be used with honeycomb panels. In addition, the 

polyester resin will be combined with its hardener in a 4% of the unsaturated polyester resin. 

Vaseline was utilised in the inquiry to lubricate the polyester resin mould. Table 3.4 The 

composite ratio for polyester resin and hardemer. Figure 3.6 below shows vaseline. Table 3.5 

procedure composite norsodyne polyester resin aluminium panel and sugarcane fiber. 

Table 3.4 The composite ratio for polyester resin and hardener. 

Hardener 
Polymer (g) Fiber (g) Weight Total (g) Weight(%) Hardener 

(g) 

294.00 6.00 0.00 300 0% 4% 

284.16 11.84 4.00 300 1.33% 4% 

282.24 11.76 6.00 300 2% 4% 

280.32 11.68 8.00 300 ·' 2.67% 4% 

278.40 11.60 10.00 300 3.33% 4% 

276.48 11.52 12.00 300 4% 4% 

Figure 3.6 show the vaseline 
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Table 3.5 Procedure composite norsodyne polyester resin aluminium panel and sugarcane 

fiber 

Prepare the first sample of fiber 4g and continues with 

the last sample 12g 

Measure the weight of norsodyne polyester resin 

follow by the ratio of 96:4 hardemer 

Measure the weight butanox m-50 before it mix with 

their unsaturated resin 

Pouring the unsaturated Polyester Resin into Butanox 

M-50 (hardener) to created the best composite and 

stirred in order to get a good mixture. 

Rub the vaseline on the surface area of the mould to 

avoid the fiber stick on the mould. 
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Pouring the thermoset composite with sugarcane fiber 

in mould and hold it until 2-3 hours in to get a solid 

composite. 

Finally take out the fmished composite from the mould 

and clean the mould from any dirt or dust. 

3.4 Preparation for sampel size 

This experiment would explores the concepts of thermal conductivity and linear heat 

conduction with an experiment. The heat transfer experiments base unit, fits onto. The linear 

conduction experiment are consist of cylinder bar, cylinder specimen, thermocouple, heater 

and water hose. The diameter of cylinder specimen size is 6.2 cm and the length is 1.8 cm. 

Table 3.6 show the measurement of specimen and Table 3.7 procedure for sample size. 

Table 3.6 The measurement of specimen 

The diameter of specimen size is 6.2 
cm 
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Table 3. 7 Procedure for sampel size 

Draw the square with the lenght of 6.2cm x 6.2cm 
width 

Switch on the power supply of makita saw machine 

Adjust the ruler bar parallel to specimen in order 
create a straight cut. 

Pull the trigger to move the cutting tool saw 

Cut the specimen and after finished switch of the 
machine. Clean the machine from dusk 
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Cut the aluminium honeycomb panel size 6.2cm x 
6.2cm by using cutter 

Prepare the polyester resin and hardener as well as 
applying glue to honeycomb panel between sugarcane 
fiber on combine it. 

Let the sample fully dried on 1 to 2 hours 

In order to minimize heat loss, the surface material was 
rolled by insulation and applying heat sink compound 
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3.5 Equipment 

Table 3.8 Shows equipment use in this experiment. 

Electronic balancing 

Mold 

TD 1002A Linear Heat 
Conduction Ex eriment 

A sub-milligram analytical balance is a type of balance 

used to measure extremely small masses. The 

measuring pan of an analytical balance (0.1 mg or 

better) is contained in a glass cage with doors to keep 

out dust and prevent air currents from affecting the 

functioning of the balance. 

A stirrer's primary role is to agitate liquids in order to 

speed up processes or improve mixes. In this experiment 

stirrer is use to stir the mixture of polyester resin and the 

sugarcane residue 

An oven is a tool which is used to expose materials to a 

hot environment. 

When poring the polyester resin mold will keep the 

shape and keep the polyester resin from flowing out. 

Explores the concepts of thermal conductivity and linear 

heat conduction with an experiment. The heat transfer 

experiments base unit, fits onto. 
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3.6 Testing Method 

The sandwich sugarcane fiber with polyester resin and aluminium honeycomb panel 

would place to the linear conduction experiment. The 0% fiber, 4% fiber, 6% fiber, 8% fiber, 

10% fiber and 12% fiber were prepared as sample composite with aluminium honeycomb 

panel. Figure 3.7 show the diagram of linear conduction experiment. 

Insulation 

~ <lJ 5 .£ ... -a :.a a .S ~ 6 "' <lJ 0 

~ ::r: u p, 
~ <lJ 

~ 
i:; o~ 
(I) 

~ 
0 ., 

.§ u ~ 
i= (I) 

Cooling water inlet 
p, 

<ll 

Figure 3.7 the diagram of linear conduction experiment 

The water supply were pipe connected and the valve were in open position to allow the 

water supply in the entire system. Ensure the there are no water leak in the system. Each sample 

of fiber has been rolled by insulation and the surface contact applied heat sink compound. 

Figure 3.8 the heat sink compound. 
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Figure 3.8 the heat sink compound 

Hence the check leak and connection wire are in the good position. Place the first 

sample 0% fiber at specimen position according to Figure 3. 7 above. 

3. 7 Validation 

In this case, the thermal conductivity of the numerical method was validated through 

the TD 1002 Heat Transfer Experiment , which measured the linear conductivity of sugarcane 

fiber and aluminium honeycomb panel composite. From the past lab experiment, the value of 

copper were calculated 314.97 W/m°C. According J. Carvill, in Mechanical Engineer's Data 

Handbook, 1993 the value of copper is 386 W/m°C. The differentiate from this result 

concluded that finite element analysis is accurate with the error only 18.4% from experimental 

method. The calculation of error percentage shows below: 

Error = (experimental - actual) I actual x 100% 

= (314.97-386)/386 x 100% 

= 18.6% 

41 



3.8 Summary of Material Uted 

Theovenillmateriala uaedin thcproductionoftbi1projedwen:lillted. Thia i1 impDilant 

to emurc 1hat all the needed material i1 prepared accordhlgly. Table 3.51 the smnmary of 

material used. 

Table 3.9 show of material used 

Bill Mllterial Quantity 

I Sllglll'Clllle fiber 40gram 

2 N01'80dync pol~ resin l 69S.6gra:m 

- -

3 Buta.ox M-SO 64.4gram 
~ 

4 Vuelino 
11.'::!J 

80ml 

:' < 

s Heat link compaand lOg 

' ~ "'' ·'·"-'""'"- ,,,,...._' r;"~ 
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CHAPTER4 

4.0 lntrodudion 

'Ihit ~rt ahowl the resalll of au aperimem colllllucu:d to study the optimization of 

many types of parameters. Jn this atwiy, tables and graphs me ued to explain die temperatme 

of the spec:imm, dumnal c:onductivity, and specific heat capacity. In addition, statistical. 

llDlllysis is amicd out and n:pOik:d in order to pin a better undemanding of the elemmts that 

influence the lbennal analyaia of IRlgareaDC residue ftlimimled widi pol:yater resia. 

Thmmal conduetivily commonly ~ted by (1::) is Che inlrinsic capacity of a 

llUbltamle to 1rlmlfer CJJ' ccmdw:t bait. It is one of thm: heat lllmsminion tc:.;;lmiques, the odier 

two being convectian and radiation. H.e6t 1l'all8fct proceeaes can be quall1i1icd uaillg suitable 

nite equations. This heat tnlUf'er mode's rate equalion is based on Fourier's law of heat 

conduction. It is also described as the amoum of heat that can bo <:arried per llllit time per umt 

llRlll thmugh a plate of a~ Dlltterial of unit 1hickness, wi1h 1ho faces of1ho plate ranging 

in temperature by one W1it. Figure 4.1 show the equation ofthc:rmal conductivity. However, 

Thermal reaU1ance is defined u die ratio of a materi81'11 t=pemture cWl'eJa1ce 'between ill two 

aides to it8 me of heat flow per W1it area. 1he thcnml RfiBtance of a textile material influences 

its blllt inmlation abllily. The pater tho diormal resistance, the less blllt is lost. Figure 4.2 

flhowa the llq1lBtion ofthcl thermal equation. 
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k = Q*L/ A(T2 Tl) 

Where: 

Q = heat flow (W) 

L =length or thickness of the material (m) 

A= surface area of material (m 2) 

T2 Tl = temperature gradient (K) 

Figure 4.1 show the equation of thermal conductivity 

L 
Rt =

kA 
whsr'B 
k is the materials conductivitv [W.m·1.K-1] 
l is the plane thickness [ m] 
A is the plans area [m2] 

Figure 4.2 show the equation of the thermal resistance. 

4.2 Linear Conduction Experiment 

The electric heater and thermocouples are connected to sockets on the Heat Transfer 

Experiments Base Unit, which also serves as the heat sink's cold water supply and drain. Turn 

on the cooling water flow and experiment with the heater power. Then take temperature 

readings as the heat passes along the bar. Insulation surrounding the specimen minimises heat 

loss by convection and radiation, therefore the findings should be close to theory only for 

simple linear conduction. Table 4.1 show the experiment conduct. 
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Table 4.1 show the ex eriment conduct 
Sam el T initial T final T1n - TF 

40.0'C 28.8'C 1 l.2'C 

26.5'C 33.9'C 

24.9'C 

23.5'C 54.S'C 
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88.5'C 22.8'C 65.TC 

94.1 'C 22.2'C 71.9'C 

From the Table 4.1, the value of thermal conductivity can be determined by using the 

Fourier's law of heat conduction. By referring Figure 4.1 we need to calculate the surface area 

of specimen which length x width and the thickness of the sample in unit meter. The power 

used in this experiment is 30W for each sample and the time taken is 5 minutes. 

Thermal conductivity 

Calculation of sample 1 = Q * LI A (T 2 - Ti) 

= 30W * (3.5cm x lm/lOOcm) I ((6.2cm x lm/lOOcm) x 
(6.2cm x lm/lOOcm)) x 1 l.2'C 

=24.39 
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Calculalicm of sample 1 - UK• A 

= 0.095/ 66.20 • 0.003844 

=0,3733 

Substitute all the value of area of each sampel and die tbicbNS hmgth of llllCh samp11l. The 

unit of lhmna1 conductivity is W/m.°C am be lllClllUled 1hcn will till in the Table 4.2. The 

Table 4.2 llhllwll 1he data recoMed and calcnlete4 

Table 4.2 llhllwll d:te data tabn and calculated. 

lllllllpCl bit 
Thidmcw Temperature Thermal Thermal 

now an:a Qmdnetiviy R.l!mtance 
w (m) "C ir w1m•c •CJW 

0% 30 0.09S 11.2 0.003844 66.20 0.3733 
4% 30 0.093 33.9 0.003904 21.08 1.1300 
6% 30 0.09S 44.3 0.0043SS 14.77 1.4767 
8% 30 0.093 54.5 0.00416 12.31 1.8167 

10% 30 0.09S 65.7 0.004095 10.59 2.1900 
12% 30 0.09S 71.9 0.004225 9.38 2.3967 

4.3 Rnalt u4 Anal,Jlil of aperiment. 

Figuni 4.3 shows the graph of thennal conductivity (W /m.'C) va d:te amount of 

11upn;anc fiber (g). From 131Dplc 1 until lllDllple 6 baa a diffi:mit :number of lhmna1 

conductivity and lhmna1 miBtance ilaelf. The sample 1 wilh 0 wid:t % 8b« baa the higliM\ 

number of the d:termal conductivity and the lowest number of thermal reaiatanu. However the 

sample 6 12 with % of fiber 1'CIQOldcd die lowest fhcnnal COllductivity and the highest thcnnal 
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Figure 4.3 shows the graph thermal conductivity (W/M'C) vs the amount of sugarcane fiber 
(G). 

Higher thermal conductivity materials will transmit heat quickly, either by absorbing 

heat from a hotter material or by releasing heat to a cooler material. Materials with lower 

thermal conductivity can be investigated as thermal conduction insulators, blocking the 

conduction of heat. Figure 4.4 shows the graph thermal resistance vs the amount of sugarcane 

fiber. The thermal resistance of a building layer is related to its thickness and inversely 

proportional to its conductivity. A high thermal resistance construction layer (e.g., rock wool) 

is a good insulator; a low thermal resistance construction layer (e.g., concrete) is a terrible 

insulator. 
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Figure 4.4 show the graph the thermal resistance vs the amount of sugarcane fiber 

4.4 Summary 

The research findings are methodically written out in Chapter 4, where you can see the 

differences in thermal conductivity values for each honeycomb sandwich composite sample. 

Discussions and analyses were also carried out to assess the influence of differences in each 

sample's thermal conductivity value and fiber content%. Using the information and replies 

from this chapter, it is feasible to develop a conclusion about the project being carried out, 

which will be explained in chapter 5. 
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CHAPTER S 

5.1 Cond'llllon 

In conclusiOD, tbis project may be comiclered u 8\1Ccetaful because it met the project's 

objecti"m. The first ia about crating the smlwich supmme fiber, polyester min, and 

:aluminium hcmeJcomb pane], which can b11 observed. in d!D litmatme nview and mllfhoda in 

chaptcn two and three, whl:rc we CllU1 di!ICUll aupmme fiber, aluminium ham:ya>mb, and 

polyester retiJl in detail The entire mlb:rial prc;]11!81ion ~ aa wdl aa the ~· 

c;xperimmt to create a~ fiber slllldwich with abtmjnium hmleycomb, were compleled 

succ:essfuDy. The attainment of dlia pwpoee is then rcprdecl in termJ of die conatruction of a 

compositD sample to be ntiti..t as a specin:umt experimcml uaing the procedure that has bMD 

mtabliBbd. Furth.awe, the lllM"d objective of inve&1iga1ing the thermal conductivity of the 

honeycomb lllll1dwich IUgat'Clllle fiber reinf'orcement ia also comide:red to achieve the project'• 

goal, where Che thermal condllctivity wlu.e and thermal miatance value fur each sample 

provided. which it a sample that diffen in mint of the quantity of suprcane fiber, can be 

trami!ated. and. analysed. with good to mab a comparison. 

According to the andylil, sugaromc fiber ia a very effcWwe thermal insulator, which 

ii in line with the blaic criteria of thia project, wheft: the major aim. of employing this 

hone:y\lODlb ADdwich with mgvceue :fiber rehWm:emeart ii for outdoor usage u a shelter. 

Furdit:rmoJe, based cm die fuuiinp ofdle exp;;1imeut, die thr:rmal condllctivity value of the 

supmme fibs sample is low and. themu1l msis1mco value is high. MOI110V11r, the findinp 

of tbi1 oxpe1immt sn1 ex1iemely reliant an uvmal major ll8pllCIB, inclading die thickness of 

the compoeite during the left, the temperature employed during the experimmt. and how 

uniformly and regularly the sugan:ae fiber is organi•ed in the composite. This element hu a 

significant impact on die findings acci.uired to guarantee that the ~suits obtained are conect. 
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Lastly, SllpruDC fibre offm excellent properties for usage in a variety of industries, 

including bo1ilding. Because of drla unique fea1ure of genuine sugamme tibm will be in gnat 

demand in die futunl. n ia having a good IDBterilll for compo6ite nrinfim:ement 'heca11•1:1 it ii 

highly durable, can iJIBulate heat well, and baa a low lhemlal conduetivity value &11d bigb 

thmna1 resiatancc value when compaml to other film llWl:liala. 

5.2 Recommendation 

Some m:ommendaticms fur :future woik m: posllibh:. The 1hmn•l ~ty 11:sting 

guidelines for sandwich llllglllalle fiber/pol~ and abnninium hOllC)Wlllb panda muat be 

mhan«d., The following are the recommendatiou: 

I. Typo of resin: Despite the usap ofpolyesmr, there are a variety of resins dJat 

may be qtjliwd, including polymt11r1111in mid vinyl 1111U!rnllin, which should hD 

resean:hed in order tn achieve thermal c:onduetivity ezperimelrt and physical 

qualities. 

IL Sample mbricasion. : Becnse 1he aur&ce ia imgular, it is cumaidy not exact 

enough 10 assemble the ~ecimeo. B«mse the fibre size ranges fnnn 4 cm to 8 

cm. Jf die fi1ml is m1aller, the aumce of 1he spl!Cimm may be more even. 

F'u111icmaoie, 1he ll1uminium honeywmb may be laym:d to abBOJb mm: heat 

uid Rduce hut Iota to 811DOUJ1dil!g. Furthemiore, the size of 1he honeycomb 

might vary. The mechanical characteristics ofa hon~mb can be affected by 

ita me and height of the composite.. 

III. Testing method : Thia 111Scmm ii focus on thenn11J analyli&. However other 

tc.ting can be med to teat on llllglmllll1C fiber aud aluminium panel c:ompollite in 

onte:r to create a shelter. The nw:banical tea!.Ulg mch as lwdneas test, impact 

Im ml flexural tell. 
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