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FROM THE EDITOR

Warm greetings to all

Welcomes to the | Ahissue of INTROPica!

This is the 11th year of publication for INTROPICa
MagQazing since the first ssue pubhshed in 20080 If
ten wias o perfect numiber, then sleven would hove
booch an oven More amozing  number  which
reprasents somathing obove and beyond the
mundane. ratetully, our | year joumey has been
evanliul and  Toilflol, For The 171k ssue, The
Laboratory of Biopohymor and Dorivatives (BADs)
has been diven an henour to putlish this icnnual
IMTROF magdzing with the thome Lignocailulosic
Materials for Industiial Application, Lignocselulose is
the most abundant source of organic chemicals on
earlh, accounling lor approdmolely 50% ol (he
wiorld's bicmass, has great potential o sorve s an
alternative source for the production of renewable
fuels and chemicals. Lignocellulose has attracted
considerable atfention as an alfermnative feedstock
and energy resource dues to the large quanfities
available and also ifs renewabls nature. Actual
and pofential oullets Tor lignocellulose are as pulp
and paper, food, fuel, chemicals and construction
rnalernials.

Lignocelvlosic  biomass  has highsr amount of
oygen, and lower fractions of hydrogen and
carboen wilh respec! lo pelroleum resources, Owing
fo this composifional varicty, more classos of
producls can be oblained  rom ignocellulosic
bicrefinerics than pofroleum based anas. Tor the
production of the other value-added chemicals,
the presence ot oxygen often providss valuahls
phiysical and chemical properliss o he product.
Thus, the production process reguires moch loss
deoxygenation. However, wvarious  sources  of
lignocelulosic biomass need o be considered
scparatcly the compositions of lignocellulose vary
greatly, depending on the type ot plant, cultivation
conditions, and the age of the plant,

Ihe development in the valorration of lignocselulos
ic biormass, however, sHll remains a big challenges
fogothor withh many opporfunifics. Thus, oxtonsivo
ressarch s nesded in modermn day to convert
lignocelulosic biomoss fo value aodded chemicals
and polyrmers al high ssleclivilies, and vields al
economical costs. It can be fareseen thot, the
luture  developments  in the  valongalion  of
lignocelulosic iomass are directly comelated to
improvemaents in the fields of chemical <nd
micrabinl  synthesis.  Owing  fo  the  recent
advancemenis in these fields, the nomber and
diversity of lignocelulosic  biomass bosed
commodity and specialty chemicals have been
rapidly  increasing. With advancement on  the
lignocelulose  technology  and development,
lignocelulosic biomass will confribute in building o
gresner and sustoinable industry.




BIOPLASTIC PRODUCTION FROM LIGNOCELLULOSIC BIOMASS
TOWARDS SUSTAINABLE FUTURE IN MALAYSIA
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Flastic usage has ultimate number of consumers glabally
in overy sectar, In ling with the oxpanding markat
demand for eco-fricndly grecn products that have been
strongly advoooted os alternatives to pefroleum-based
praducts hod leove the big impocts to many industiol
sectors and Maloysia is no excepfion to it (Mohd Yosof et
al., 2013]. Based on reporf Dy Maloysion Plostics
tManufaciurers Associafion's [MPKMA, 2014) daoto, the
mojor - marest  segments for plastic product s 0n
packoging area with 45% while electical and slectranic
s 26%, automotive 10%, construction 8%, 5% for
household, aond the remaining s in other industries.
Curantly, the Ministry of energy, science, technology,
environment, and climate chonge (MESIFCC] has put o
Iof of eftorts fo ensure that Malaysio would reduce the
usaoe of plostic sspecially single-use  plostic which
cannot be reuse ohce ofter use, The single-use plostic
products are widsly ufiived in pockaging oreq o5 o
praduct plastic wrapper, food packoging as well s
carmer shopping bog and so on. Most of plastic materials
are mads oz from petroleom-bosed bnown oz a
non-renewable fossil fusl with huge carbon footphint thot
lends to the global climate chonge due to corbon
emissions.  Frvironmental  owaoreness has  increosed
fremendoushy in recent years dus to many emdronmantal
issues  involing  animals extinction coused by
non-biodaegradable plastic disposal info the londflls ond
in nodural habilal ke manine debns ssoes, physicol
prablem fo wildlife such as enfanglement with plaslic
besides potential chemical fransfer to wildlife (Pei &
achrmidt, #Z1).

An uprising number of policies and notional sfrotegiss of
implemantotion as well as development of a bio-based
economy hove emarged in many countries such as LS,
EU, Auslralic, Canada, Sweedsn, Molaysio and olhers
since 2008, The policies and siralegies ore more sliving
fowards eco elficien! and sustainable ransforrmation of
natural resownces infte energy, food or other industroal
praducts (Mohd Yusot et al, 2015). Since Maloysio s listed
o5 the second largest oll palm biomoss (OF8) resounces
praducer, it is o great opporfunity fo employ OF into
hio-hosed products in order fo cater the Bsues regarding

fhe  non-biodegrodoble plostics. Hence,  the
replacement of convenfional synfhefic plastics with
hiodogradakle  bioplastic [BP) is onc of the good
altematives. B can refer as i) synthetic bicdegrodables
polymers, e.n. FVA, PES and PCL; 2] convenfional plostics;
3] bio-hosed,  non-biodsgrodabls plostics e
polyamides and bic-based PE 4] bio-bosed  ond
hindegradabie plastics like starch acetate, PLA and FHA.
The lotfer would be o great candidate with gmazing
properfies,  Therefore, the focus s more  fowords
polyhydromyalkanoate (PHA) production from OPE fo
praduce sustoinoble and eco-friendly BE.

Lignocelulosic biomass 5 one of the most notural
renawahble and ovoilable resources 0 almost every
country. Major component of lignocelulosic biomass is
celulese which considerad as the sfrongest promising
altemative for petroleum-based polymers due o ils
ernvirenmeanially friendly propertias such as
bindegradable, biocompalible as well 0s renewable
besides il & lhe mosl abundonl resources in The sarlh.
Linnocellulosic biomass alio known Tor ils carbon-neulnal
praperly thal copable o reduce emission of almospheric
poliuticn ond CO32. Based on pravious studies, it also hos
substantiol potential for sustainable produection of fucls
and chemicals. Cven from the econamic point of vicow, a
lof of ignocellulosic biomass can be produced ar growih
quickly ond cheaper compared fo other aoricultural
[eedsiocks like soyhean, com, segar cane, and slarch
(lsikoor & Becer, 2015).

Mcalorysion s oflen knowr as one of the largest collivalorn or
contributor for ol palm ([Elosi guineensis) plants bosidos
Indoresio with opproximatcly 5.4 million hocfares of
plantation arca (Chiow and Shimada, 2013). The high
global demand of ol palm leads to axplosive expansian
of ol palm plantation which increcse the production of
lignocelulosic biomass, noamely, ol palm frunk [OFT),
fronds (OPF) and emply il bunch [OPEFB) which
expecled lo reach 110 milkon lonness by year 20300 [(Wan
Raosh ot al., 2017). The increasing of <il palm plantafion
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resulied in the increment of ofl palm il Maloysic is now
cmaong a fop world's ol palm exporter tor numesrous ol
palm-Based production in ling with the large plontafion
oreas aond enormous numbers of ol palm mills. As
reparted by Kang &t al. (2004), anly about 105 of ail palm
praduced as ol exdraction, while the remaining 05 left
o5 blorass wiashe, b would be fremendoushy wosted if this
biomass is not exploited to its fullest. This data showed
fhaat, the il palm indusine con creale moany opporlunilies
ond social benefits for the locak. In recent years, green,
renswable, sustainable, biodegradable, o
environmentally sndly materials are receiving explosive
inferest from both scientitic and industricl communities
cug to several drowbacks trom convenfional sources
such o5 ecological freats, finife supply and non-renew-
abls pefroleum-based sources for bio-based products
opplicalions. Cellulose, o biopolyrmer, which in recenl
decodes have develops inlo promising volue-odded
end produects [(Abdul Khalil et al., 2014; Korgarsadeh el
al., 2017).

Commaonky, polymers are produced tom pelrochemical
dervalives which generale large amount of wastes thal
hard to be freated or dispose. Therefore, a ot of effortzin
searching for other pofenfiol condidates have been
dong which porficulady tocus in sco-frisndly material
ihat leads fo hiopolymer retermng to polymer moaterials
derived lram renewable biomass resounces. Blopolymers
also known as bioplaslics [BPs) are suillable condidale to
replace common polymer due lo il physicochemical
properlies similar lo [hose pelroleom-derved malenal s
more  envirionmentally rendly compared lo normal
polymer due lo s biodegradability [Boneberg el al,
201&). As atorementioned, not all BPs are bicdegradable.
lable | shows the commenzialize bDioplasfics and biods
gradable plastics. Unlike siarch-based  polymerns and
chemicaly synthesizad polymears, PHA B mora favorable
as ils  ervdronmenlally-liendly,  biodegrodability - ond
suslainabilily  properlies  [Khonna & Sivaslava 2005
Sulehisadeh & Voan Loosdrachl, 2004).

Table 1. Types of bioplastics and bicdegrodable plostics

Biedagradable Hen-blodegradable
Bioplasics [BPs) Potytredrosvakonoats Pabpomide 11 [PA11)
[#HA) - Bie-derved polvethvians
- Paybaczlicz caciel |PLA)
- Sharchebased plashic:
Fefioleum:bosed - Polycaprolactons (FCL| - Polpropylene (FF|
plasics - Podyeslararmics - Pabpaliders [P
Palyvbubdene succinate Pokeitwlens terephiholate
adipale [PASA) {FET]
Pabrstymens [P5]

fowrce: Hossan el al. 2012
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PHA is  neturally accurmoloted in bactera through
termentafion with materials ke sugar, vegetable oils or
industicl waste in ouliure medium and alse 100
hindegrmdaoble  polymer. It 5 prodoced  under
imbalanced growth conditions by bactetia and some of
fhe bactera are able fo produce PHA up to 205 (wiw) of
dry cels, Simple fermentafion method s uiiized in
commercicl production of FHA fo fulfil the BPs critario,
The common industial microbes Ihal hove been used in
trhe process are Acromonas hydrephia, Alcaligenes iats,
Recombinant Fool, Psoudomanas puticdo, and Baciius
spi. (Varsha & Savitha, 20 15). he PHA production cost is
expensive compared to synthetic plastics (°F & PP). The
caron substrote contibutes  almost halt in PHA
production price. Therefors, renewnble biomass materdal
o5 a carbon saurce will be an excelant alfernative in
reducing lhe PHA prodoclion cosl sobslanlially ond
copable o minimise he indusiiol wosle disposal cosl
(Hosson el al., 2013). Previously reporied by Beddy ond
coworkers (2003], the OPE and its reloted products are
suitable as substrates tor PHA oroduection by o different of
PHA producers which at least from A variety genera hos
heen listec. bor QPR the regulor componant that abwoys
heen vsed ore pall i mill etiuent (POME)] and QPEFE
which are Ihe mosl abundan] residues Tor OPE. POME will
undergo anoerobic realmenl o prodoce organic acids
which become o carbon sources [or PHA produclion in
boacleral caells (Hong e al, 200%). Whils, there are hwo
typeas of prefreatment for OPEFR which are acid hydrobysis
and ensymatic soccharificotion fo convert OPEFE info
termentable carbohydrates and subsequently fums it to
termanted brath via microbial termentation, hence it is
vickle for PHA produchion. Both of these methods could
be an elfeclive way o dispose The POME and OPCFR
residoes inslead ol being  dischorged  inle The
ermvironmen! as a harmiul waslewaler or being bumed
wilhoul proper usage, respeclively, which will couse
greenhouse gas emission [Hossan el al., 2013).

BPs wordwide market is mostly in pockaging sectorwhich
gradually growth to dafe, In recent yaar, with a soaring
price in notural gas and croede oil indiscctly couse an
incremant  in potraloum-based  plastics  prico.  Thus,
bio-bosed plastics ane ong of the promising altematives
fo  reploce  pefroleum-bosed  plastics. The  most
challenging in developing a sustainakle BPs indusiry is
thal of price compelition. Cven in the high rank counlry
ke Unifaed $tafe cannat give lower fhan five folds prices
compared to common thermoplastics. BRICs couniries or




knewn s Brazil, Russio, Indio and Chino countries anes
emerging countries where the BFs sectors get a higher
demand dus to their chonging lifestyls, increosing
forgign investmeants in pharmaceutical industry, groswdh of
domestic slectronics as well o food ond beverogs
industiies which amplifies the morket inferest for BPs
pockaging. Whils in Europe countiss, the govemment
has sat g few policies ke Europe 2000 sirotegy that
pramaole bic-economy. This policy bas redoces laxes {or
bio bosed products and encourage public authorities to
support preterence towords procurement of bio based
products [Ahmad Saftion & Abdan, 2005).

As somes of developing counties like Thalland, Indonssia
cirecd Maloysio are putting more eftorts in B industry onc
fry to improve in terms of its quality and praduction cost
wilh ulilizolion of renewokble biomoass. A lel of counlries
el the government sopporl wilh This eco-Tendly
replacemenl vio varous ypes of fund in order o
gensrate a better product and roising coreness among
fhe private sectors and public users. Moreover, oil palm
incustry will break the couniry's dependence on fossil
fuel Usually, as fossl fosl cost increase, a substantiol
praportion of the products reloted to it will also increose.
Unfke The fossil TuelHoosed producls, BPs which s rom
non-fossil Tuel will nol be relaled lo lucloalion of The
moarkel price lke convenlicnal synlhelic plostic. The
pensraled bio boased BPs will decreose the dependence
on fossl feel. Thos, ovtomaticaly con preserve ond
balonce our minesmals source in earih. Howsver, the
cveral cost tor commercialiration will involve many
toctors basides the row motanals wvsed. This still need a
deep evalualion and studies in order fo improve he BPs
sustainability [Hassan el al., 2013).

Flastic uwsoge s indisporsabdc in many  scclors by
numerous  indushics and  consumars.  Bosides,  tho
potrolcurm-basced sources might be depleted in o fow
cenfuries os 1T is not renswable matedals and | oouses
rnciny environmental issues in a long ron, Therefors, ofher
potential alfsmativas shoukd be employed and imoroved
in line with govemment aftempts in this issus, In recent
waars, BFs production from biorenewable sources come
it limelight and it 5 ensured that the emerging
susfainability, biodogradakility, and rencwakbiliby issucs
con bo  catcred  wel with imoroved  rescarch
development. last but not least, the products criterio
riust meet the consumers and manutaciurers demaond to
ocvance them as o useful material globally.
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.| INTRODUCTION

Constroction and building materals including o wids
varicty of materak intended for consfruction purposcs.
The: matorials consist of wood and firnber, fircd bricks and
clay blocks, stecl, concrote, coement composifos and
many  more. Uognocellulosic materials are plant dry
rmatbars that composed of carhohydrate  polymers,
namely celluloss and hemiceluloss, and ane aromatic
polymer, which iz lignim, Thaess three components ploy
fneir own role in providing the sfrength properics to the
rmgternicls, In concrete tenms, hemicelulose i he boding
agent or crosslinking material boetween collulose and
ligrin, Callulose acts as reinforcemant that confributos fo
fonsion forcas and lignin for comprossion forces [Homan
and Jorisscn, 2004).

Constuction and bulding matedials can b genarally
cotegonzed a5 structural and non-stroctural moterials,
majar structurdl matedals comphise concreta, wood and
stel, On the ofher hand, gloss, plastics, insulator and
adhcsivas are the cxamples of nonstroctoral materials
(5o and Ezcl, 2014). Matchals derved from Fgnoceliulos-
ic hiomass can bo applicd in the manufactoing of
constriction and building matsriols. Hanomaterials ars
oble to enhance the properies of construction ond
building mataricls by ccfing s o reinforcement fo the
concrete and steel (Sev and Ezel, 2014), When it comes to
fne  goplication in fhe  consfruction  and  building
rmaterncls, noanctechnology offers several advanfages
such os sturdicr and stronger bt relatively  lighter
structural  compositas,  comanfifious  materials  with
superor properies, thernal and sound insulotors with
Ienweer thermal fronsfer rate and better sound absorpfion
copability [lee of al, 2000). According to fu et al
{2004),  nonomoteficls hos been opplied in the
construction sectars aiming to increase the stfrength and
duraiity of construction matedak ond components
while  reducing polution ot fhe  same  fime,

||| CONCRETE AND CEMENT COMPOSITE |

performonce of concrete and cement composite. There
are cumrsently o huge numbsr of sfudies reported the
application of ignocellulasic biomass as reinforcement
motencl in cement ond concrete composites, Thess
lignocelulosic biomasses including ofl palm shell, coconut
shell, palm fibers, date polm fibers, hemp fibers and
shives, flax shives, kenof bast ficers, bamboo ond
sucalypius kraft pulps (Vo and Movord, 2016). As o
reintorcemeant materiols, better flexural strength ond
rccius of elosticity of cement mortar composites wos
recordsd when nanofibilloted celluloss were added
(Claramunt et al., 2015). Similardy, nanoceiulose fiber gel
preparad from blegched soffwood pulp hos reduced the
hydration rafe of the limestone cement pasie as weall os
improved  flesural  strength ond energy absorpfion
property (Cruoguiuchi of al., 2014).

Cemeant composite reintorced with nonofibrillated cel
lose derived  from bamboo pulp disployed  better
rmechanical properties sven after weatnerng (3o Costo
Correin ef al., X118). Apart from the materals that synthe-
sized from lignocelulosic sournces, bocterial nano-cell-
lose and maring biomass have also been used widely os
the reinforcement of concrele and cemenl. The benelils
of marne biomasses over lond plants is that they hove
higher rapid growth rate and arg low in notursl pheysico
chemical bomigrs. Iherstore, no severe chemical freot
ment s required to remove their inherently recalciirant
structure in order to enhance the celluloss oocosssibility
(Chen et al, X16). For o more sustainoble development
of construction and building matenals, application of
recycled cellulosic fibers and lignocelulosic aggregales
in the produclion of cemesnl-bosed morkors shown
positive aspect that could be potenticlly contibuted o
the emvionment bensfits [Stevulova of al, 2014).
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As ona of the renewable resources for construction and
building  maoteriols, opplication of wood 05 chwoys
constraint by its poor dimensional stability ond biological
durciility  nafure, However, coafing derived  from
lignoceldosic materials could help in mitigote the
prablems faced by waood, Nanocompasie coating could
b used fo profect the wood from the cloments apart
fram improved its maechanical propertics and dbasion
resistance (Kokoorani ef al, 2007, Nanoccolulosc-fillcd
cootings  could  improve the themal  properties,
dimeansional stakility, stiffness, ydrophabicity ond surfoce
hardness of maople wood  [Cotoldi et al, 2017,
Waoteroome  polyurethone  coafing  exhibited  high
compatioiity with TEMPO-oxidized celulose nonofibers
whichin turn enhanced the properties of the waoterboard
wiood coating [Cheng et al, 2014).

||| POLYMER COMPOSITES |

The growing public's awarensss around The world have
lessened  the dependency  on pelroleum bosed
polymers. Demand for greener and renswable polymers
are in the rss. Nevertheless, renewoble polymers hove
inferior thermao-mechanical propertios comparad 1o that
of  the comventional  petroleum-bosed  polymers.
mModiication s therefore needed  lo enhance  ls
performoance. Nonofilers  could  be  ocl as o
reinforcemenl  lo enhance  he  properlies of lhe
composile. Clay minerals, carbon nanolobes and slica
nanogarlicles ars among The nonofillers thal offen used
in enhancing the physical, mechonical and thermal
praportics of polvmers [Conzdlez-min ot al., 2007). Takbla 1
summanisad the nanomatericls derfved from vanous
lignocelulosic sources and its usas in the construction and
building rmatarials.

Table 1. Manomalernals derved rom various ignoceliulosic
folormncss sourcas and ifs uses in the construction and
ilding mortericls

Biomass source Maroraberal | Application Heference
Green algas | celluloge Reinlorcerent in | Cergizet al, (2017)
|Clagiaphany sp nancdiber conceiti.
I."-ﬂﬁ"l.ttﬂ pulp marccelluoze Reinforrerment in cement | Oruaguluchi =t al.
fiker el SrTi el 120047
Bacteda hactarial Roinforromant  in fber- | Mohammadiazsm
\Guconccetobocter | mnccelluose cement comgesies ctal. {2015]
o) porader, gel and
coated  onto
fapasie fibars

Bacterial  eallubse | hactarizl Reinfeecemant  in any | D2gur

exbracied from aoto- | mnccelluose pobyol-based Eapdibeynglu et al
de-poen pobyurathan=s 2003}

T G ke
Balsa eee | narcfhilllar hakia wiond fibers - castor | Nishidate Eumads
| Drhvomopyramidae | cellubase bean cake —ghycend matria | etal. {2017)
Carv COmposikes
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FBachis of dare palm | Marclbrillsr Frghrd composites | Dendahou et al,
e (P | cellulornn aeengel  made  with | [2015)
chcnplifiens L | eombingtiong of celliles
i rofihers, (£ e
rarofibers and
rerogalibes
Bambco pup Manafibrillated | Reinforcerment of e | da Costa Cormela e
ollidese sl | exbuded  cpment-baied | Al (A1E)
eollilasic pulp | materials
Plaww jute fibers Hanacellulose Reipforterent in netural | Thamas et al,
fiker nibber rarnccomposite 2015,
WasEa juls filers Hamecellikne | Coaring For wewen jute | labkar &1 &l (7017
suspersian fabiic to produce  green
A COPOSITRG

[op-praducts fram | Lignin fukstitition of phemal in | Akitar etal. (2011}
pillp  aeed  paper | nanogumicles - | the gyntecis of phenal | Damingies e Al

Industies Lgnesudfonate | formaldetede (PR wood | (20036
atlhecsive

Sugarcane bogasse | Ugninacetabe | Water resistance suffacs | Park <t al. (2035)
coating

||| CHALLENGES ANDLIMITATIONS

The produclion cosl (for nonomoalenals s very high ond
consume a ol of ensrgy. Therelone, in developing coun
frigs thal are facing linoncial consiraints, they are still sfick
to fraditional building indusing that incurs lesser produc
fin cost to them. Apart trom that, lnck of sxposure to the
nanotechnology is also a mojor reoson that inhibited the
arowth of application of nanomatarialz in constroction
and building seclor (Yousel Moharmed, 2015). Lacking of
speacilic slandard in some counlries hos made applica-
lion ol noanomalaedals leasl Tovoured. In addilion, low
conlidence rom wsers lowards ils biological impacls s
anclher one of he bigges! bamiers for lhe developmenl
and promoation of ignocelulosic nenomatenals. Al stages
in a life cycle of producing nanomatenols pose potential
hurmon exposure with inholation and skin exposure being
e rmdin hwo exposure routas o human (Camarare-Capi-
nosa el al, 2018). However, thare & curently lack of
understanding and informalion o the biolagical impacls
of Ihese lgnocelulosic nanomoalerals opon exposune.
Such inflorrnalion is vilal Tor lhe fulure delerminalion of
bincompalibilily and hosord assesseneni of The lonocelu
lzsic: nanomatenials. Although some preliminary studies on
the toxicity of uvnmodified nanocelulose  revealed
lowe-to-minimal  adverse  health effects from oral or
dermal, the health risks asseciated with nanormaterials
ara remain uncertain. Confradict results hos been report-
ed parficularly on the health effects on the respiratory
syslem and cyloloxicily (Moon el al, 2018). Absence of
[he informalion inevilably reslicled The applicalion of
Ihese ignocelulosic nanomalerals. noorder lo comvinee
fhe user in wsing nanomalenaks, the biological impacls
and it's on the human health must be studicd thomoughly,
A comprehensive report o reference regarding fo this
fopic must be readied for the viewing of public. Apart
fram that, exposura of the researchers to the needs of the
markelploce and product value chain s alse g vital
future fopic.
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" |/ INTRODUCTION

Biomass prelrealmenl hos been recognieed as oo
polential key plover in both logislic ond hondling on.
Protroatment of biomdss wsing torafaction improves the
heafing valee and it is a promising mothod fo convert low
guality biomass infa high enorgy density solid Biofuc! with
consstent and  uniform physical and chemical
charactershics. Although tormafaction has been shown fo
improve the biomass (uel proparlies in lerms of energy
dersily, a challenge remains because a large amoon| of
akali melals, is relained in lhe chor and  (herelone
mitigate their adverse impact on the heat fransfor and
cormasion rates in the boller (Chin et al. 2013, Saddawi et
al. 2012). On the other hond, leaching mothod has boen
praven to significantly roduce the ash content and
increasa the ash melting femperature of biomass. Onlv a
slight incremeant in healing value was observed due fo
foftal ash reduclion. Thus, leaching does not essentially
increase [he healing value as in using  lorelachion
method, In general, baoth torefoction and leaching
benefit anly in one respeciive factor, e, heating value
and  ash sintaring  charactansfic,  roespoctively,  but
neglected the ofhor factar,

Mature  provides diversity of biomass  with  difforent
charactenstics.  To achieve o highly  efficient
biomass-to-enargy chain, a mathod o overcome logistic
economics in large-scals sustainable energy solutions,
better snargy density and combustion efficiency hos fo
be establshed. A combinofion  of leaching  ond
fomrcfaction may be an idedl pretreatment mathod for
both biofuclk and biopower. The following work cxplores
fhe passibility of combining ledching and torcfaction
freatment fo create on improved fuel from all palm
biomass fo achieve high enargy density and low ash
percentage. Laboratory studiss were conducted fo
evaluote the process sequence of both methods: o
fomefaction folowed by leaching or leaching followed by
famefaction. The pupase of the work is to deferming the
effects of the combpinaficn treatments on ash remowval
cfficicncy, as well as ash melting characteristic of tho
freated ol palm lignocalulasic biomass.

|| COMBINED TREATMENT PROCESS

For Ihe AB combinalion Irealmenl, the ol palm biomnoss;
emply ruil bunch (EFB) and oil palm ek (OFT) were
fowcficd bofore undorgo  ledching  treatmant,  The
lignocelulosic biormass wias dricd at 105 %C for 24 h boforo
farrefaction in order to remove the residucl water
remaining in the biomass. The drhied  [gnocelslosic
biomass fines [10 g) wos placed in o furmace ond
fomefied under he oplimized lorelaclion condilions
oblained by Chin el al. 2013, Aller lorelaclion, he ol
palre bicass fines were lell o cool in desicoalors, Aller
cooling process, 10 grom samplas wore sodked and
submcrged in 100 ml of 1% acetic acid under the
opfimized lcaching conditions obfained by Chin et all
2015, After acotic acid leaching, the solutions wers
filterad and washed with 100 ml disfilled water and the
leached samples were oven died df 105 °C over 24 h.

For the BA combinalion realmenl, The died samples
were leached followed by forefaction fredgfment, Ten
gram samples were sooked and submerged in 100 ml of
1% acetic acid undor sclectod leaching  conditions
obtaincd by Chin of al. 2015, After acctic acid lecaching,
e salutions wors filttered and washod with 100 mil distilled
watar. The leachoed samples were oven dried af 105 %C
over 24 h before torafaction in order fo remove the
residual waler remaining in the biomass. The dhied wood
fine (10 g) was placed in g furnoce and torefied under
fhe optimzed tomsfaction condiions obtdined by Chin at
al. 2013, After tomefaction, the lgnoccelulosic biomass
fines were loff to cool in desicoafors,

L' ASHREMOVAL

From Table 1, & can be cleady scch that leaching
followeed by fomrefaction (BA cormbination) goencratod tho
accoptaoly low ash content. Thase valuos howewar ano
sfill highear wihen comparad with those recordad for when
using leaching alone, 071 - 0L82%. Camier et al. [2011]
conducted an expermeant by combining leaching ond
pyralysis treatment, From the study Camisr et al, [20017]
found that the fofal ash reductions are confributed
parfially by fhe lecching pretreatments and  furdher




reduce  through  devolatizotion  (voponized  incroanic
elements soch as potassiom, chloine, phosphons n
sulphur] duing the pyrolysis process.

lhe extent of leaching diminishes as the biomeoss
undergone themnal freatment pricor to leaching in the AR
combincation  freatment  [forrefaction folowed by
leaching), Comparnng the ash yield of raw and torefied
[AB trzalment) ol palm bBiomoss revealed higher remowal
efficiencies were cbhserved for row lignocellulosic biomess
using acefic ocid leoching freatment. The osh yisld
reduction tram raw Riomoss ranged &0 - B4%, whersos
ihe ash yield reduction from foretied hiomass ronged 474
— 4% Ihe reduction of ash removal efficiency trom
fomefied hiomass can be due to the physicochemical
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changes which affects the char matix ond to a different
mioce of ocowrences of ash forming elements os soon os
the thermal degradation ocaured. Fallwing tormefaction
frectment, the orginally leochable ash is most probatly
franstormed  into increasingly  staoble tomns such os
carbonates and/for cxides which reduce the solubility in
mild acid (i et al. 2004). From the observations by
Rovesndron and  Gonesh [1998), ligrin ond
hemiceluloses undergo o phase chonge duing  The
thermal degredation process, forming a molien phrose
intermediate which frops the osh components thus
making ash removal more ditticult s char 5 formec.
Microscopic anakysis by lensen et al. [199%9) also proved
frat ash torming elements such oz potossium is bound o
fhe organic meairic affer themnal treatment.

Table 1. Ash content of ol palm biomass affer pretreatment

Ash Content (%)

Lignocellulesic | G an- ing-
hlg Tarrefzction? Leaching? | TDFFEfaC.l'IOI'I I.eal:hln!g
amass Urntreated (A (8] : Leaching Tarrefaction
: (&) 1BA)
EFB 596 6.36 082 : 2.04b 0.96°
i
OFT 133 205 053 ! 1.080 0.63*

Iwalues are taken from optimum pretreatment condition by Chinet al. 2013
*values are taken from optimum pretreatment condition by Chinet af. 2013.
Mote: *Means followed by the different letter inthe same row of a species aresignificantly

|| HIGHER HEATING VALUE (HHV)

Sightly lower heating voloe wos observed for samples
ireated with combined reatment process compared to
samples that solsly undsrgons forrefaction as shown in
lahle 2. Signiticonthy kioher TIHY was obtoined using BA
combination treatmeant tor all types ot lignocehilosic
hiomass ussd in this study, Themmol prefrectment split ond
decompose a sgnilican! parl of |he  lignocellolosic
biornoass raclion inle soluble and less comple: molecules
[Howg el al. 1983). In AR combinalion realment process,
forefaction  was  posiionsd  before the  leaching

frectment with most of the ash forming  slements
linorganic materials) were strongly locked in the biomoss
dus to the physicochemical changes of the organic onad
inorgonic:. moterak durng thermal treatment (1T et al.
AN Jensen et al, 1999 and Roveendron (zanash, 1995).
Ihis results o higher concentration of inorganic moterials
which have no conlribulion lo he HHY and [his direclly
reduced [he HHY of Ihe lignocelulosic bicmoss rom AR
combinalion reatmenl.

Tabkle 2. Higher healing value of ol palm biomass after prelrealmenl

Higher Heating Value (Mj/kg)

Lignocel lulosic

Torrefaction- Leaching-
: lorrefaction®  Leaching? X :
biomass Untreated ) 8} B Leaching Tarrefaction
(48] [BA)
EFB 18.06 23.08 1847 22 55k 22.82°
DPT 17.128 2232 1653 22.13# 22500

L Walues are taken from optimum pretreatment condition by Chiner al. 2013
2vfalues are taken from optimum pretreatment condition by Chinet of. 2015.
Mote: *Means followed by the different letter inthe same row of 2 species are significantly differentat P =

0.05,
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||| ASHMELTING CHARACTERISTIC

Companson of the ash melling characlenstic of the
combination  freafments to the tomefied  biomaoss
domorstrates the boncfits of incorparating the lcaching
frealment wilh the lareloclion process. As shown in Table

3, ol palm biomaoss frealed with bolh combinalion
freatments display o substanficl improvement in ash
micifing charactonstic comparcd fa il palm biomass that
solely undergons larelaclion.

Table 3. Ash sinfering characterstios for pretreated ofl palm biomass under high heating termperoture

As b Heating Torrelaction® Leaching? : Torrefaction- Leaching-
TamomatLia A 18l ! LeacrL_In,g Tarrefaction
' (A3 combiination) [BA cambinaton)
EFB
00 malten loosa : loose loose
200 malten loose ! loose loose
QU mal ben |nasiee H Slightly sintered | acse
1000 molten Slightly sintered @ Strongly sintered Slightly 5intered
08T
00 Strongly sintered lopea E loose loase
A00 maolten loose ' loose loose
=y malten lonse E Slightly sintered loose
1000 mal ben lapea Slightly gintered loage

TMote- Refer to Chin et al, 2018 for the ashelasification
alues aretaken from aptimum pretreatment conditionin Chapter 4
alues arataken from optimum pretreatment conditionin Chapter &

Tomefied EFE and OFT will cause severe problems duing
combuslion. However, combining the leaching ond
foretaction featment hod reduced the rnsk of ash
sinfaring. It is anticiooted that ol palm biomass will reguire
prafrealmend, and that o combined leaching  ond
fometaction are now predicted not fo be problemotic in
ferms of fouling when combusted df temperature below
fhar 1000 °C, excapl for TG, CTR frealaed wilth forelaciion
followead by leaching  freatment [AF combinotion
freatment] vastly improved the ash sinfering ot stil
potentially problematic if combusted akbowve 900 °C. OFT
ash were in a loose torm even afier heoted at
femperature: 1000°C, By applyving the BA combinafion
freatment, OT6 resulfed in o beftter ash melling
characteristic. At 1000°C, ash from FFB treated with AB
combination freatment was strongly sinfered but upon
wiay DA combination reatment, a slightly sinfered ash
waos generated. This con be atfibuted partly to the
fropping of ash componeants inside tha char mathix in A6
combination freatment, folowing the formation of a
molten phase of EFE doring combustion due to the
changas undergone by the alkali metals under high
femperature.

.|| concLusion

Ihe study shows thot by opplying leaching procedurs
followed by fomefaction freotrment  genemafed  an
improved guality of biomass solid biofuel parficularly in
HHY, ash content and  ash melting  femperaturs
compared to fhe fusl reated with sngular freatment;
forefaction or laaching dlone. Leaching gives rise o o
remarkable increment in the osh melting temperature of
fomefied oil palm biomass. This suggests that ocetic acid
leciching is an imparfant freatment for the preparation of
tomefied uels. Acetic acid leaching on torefied oil palm
biomass waos less effective than on row Iignoceliosic

biomass. Most ash forming elements in fhe tomeficd
samples may had fransforrmed inlo increasingly slable
torms that are difticult to be lecchad. Thus, lowsr ash
content was observed on samples undergone leaching
follvwed by lorelaction (BA combinalion frealment).
lecching prior to fometoction proved to be o better
combingtion; signficantly ncreased  the HHY of the
ligmocelulosic Homaoss and improved the ash mealling
characternishic.
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| | NANOFIBRILLATED CELLULOSE (NFC)

Monofitrilated  cellulose  [NEC] are long  enfangled
cellulose fibhls that consist of both omorphaous ond
crystaling regions. This is unlike CHCs thot are olmost
perfectly crystaline [Coo ef al, 2014}, They ako hove
extremely high aspect ratio
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Fig. 1. Structural hicrarchy of collulosc.

with lengths up fo 2000nm and widths of 4-20nm making
fnem fall within the nanoscals range (Maon, Marini,
Mairn, Simonsen, & Youngilood, 2017}, The long stnecturss
of MFC allow them to form colloidal dispersions in water
gven when in low concentrations below 1w due to the
entonalement ot the tibers (Cao st al, X6 Therstors,
besides microscopy  techniques, the viscosity of the
celulose suspension can be a good indicalion of The
aspect ralio of NRC (Hendksson & Berglund, 2007).
I order fo extract NIC from plant biomoss, the
hicrarchical structure of collulosic fiboers muost be known
{Figqure 1), MFC s produced by brecking  down
rhicrofibilloted celulose or the larger cellulose fildls by
mecns of mechanical shearing with optional enzymatic
pre-trectments (Vilarinho, Sanches Silva, Vaz, & Forinbo,
ANE). In confrast to the aggressive ocid  hydrolysis
mcthod vsed fo deovelop CHC, production of MREC
ermploys @ milder approach wsing cellulase enzymes
which modify the cellulose without degrading it (Sird &
Plackett, 2010]. Thare 5 another reoson as to owhy
enmyrnatic pre-freatments are used in conjunction with
mechanical shearng and fhis 5 dus to the high omaounts
of energy consumed when producing NFC. Spence el
al., reporled thal ug 1o 4,000k of energy was needed per
pass fo make Tkg of NFC when wsing homogenization as
o shearing method. Subsequently, microfluidization was
alse pointed out by the author fo consume roughly
&30k /kg/pass at 30kpsi. Micro-grinding, another shearing
fechnigque, uses up about $20k)/possfkg of WRC

INakagoito & Yono, 2004). The high ensergy consumpiion
is ako oocompanied by o problem of entonglemeant ot
the plant fibers on the eguipment, cavsing plugging and
polenlial damage. Ereymalic pre-lrealmenls hove The
advanlage of loosening up he libers by decreasing Their
length and reducing the folal enaergy consumplion of the
shaaring pracoss (Spoence et al, 20011).

L | NFCASACOMPOSITEMATERIAL

When it comes lo choosing a suilable malerial to be used
as a filer, many pararmeters hove fo be considered.
Mochanical propertics such as tensile strenagth, clastic
rnoculus and flexibility have fo be assessed. The thermal
properfies of the materials are also vital informafion that
confibutes fo the overall durability of these composites,
Kesearch has shiown that nonoceluiose-basaed tims hove
potentially high tensile sirengths. Ging et al. and Yano
arnd Mokahara have found thal NFC has he abiliby o
wilhsland over 230 MPa ol lensile slress when Tormed

praperly.

The tensile strength of o material is the amount of fonsion
fre mateial coan withstand before brecking, Fexural
strength, on the ather hand, is the fensile strength of o
rmotenal when subjectsd fo force across its depth.
According to the compilation of mechanical test resultsin
Table 1, it sooms that the addition of MRC to thermoplastic
polymers would gencrally increase their tensile stionglhs.
Tris hos been atfiibuted to the axiramely high aspect
ratios of MFC which allow them to farm strong inferactions
with the polyrmer motrices [Farchbokhsh et al, 2017 Peric
at al., M19).

Analher  imporlanl porameler lo consider  when
ohbsarving maleral properlies & The elongalion al braak.
The elengafion af break of a materal is the percantage
of length the polvmer strotchaes before breaking. It s an
indication of the ducfility of the polymer. According fo
Yasim-Anuar el al, o decrease in [he elongalion al break
ot the polymears & dus ta the rgid nature of the CHE fillers.
That being said, fimmeaermann ef al., manfions that i s
possible lo improve bolh the lensile properlies of a
polymer without sacrificing its ductility through proper
interfacicl intferaction and crosslinking between the CHE
and the polymer mialrix.



Faolymers with high alastic modull or Young's moduli howve
roary uses and applicalions. The Young's modulus of a
polymer or composts 5 directly relofed to the tensils
strength and fhe strain of the polymer, In fact, it is the
ability of the polymer fo resist a chonge in length when
uncder tension. Fartunately, as shown in lable |, there are
evidence fhot nonocellulose has the potential fo
increase the Youngs modules when added o polyrmer
blends s o filler (fmmermann of al, 2004; loms of al.,
2003 Kurihra and lsogai, 2014; Farchibakish ef al., 2017;
lgarcshi ef al, 2018; Norrakirm ef l., 2018; Samarasekara
ot al, J18; Perc of al, 201%; Yasim Anvar of al., 2019)
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When it comeas to the toughness of a materdal, s o
balancing act, Whaen a matericl & subjected to a forco
Ihal excesds The limil of ils slrenglh, one of lwo Iings will
happen, it will ither undergo detormafion or frmcture. A
fough material s able to absorb high amaunts of encroy
and undergo plaslic deformalion wilhoul raclodng. By
calculating the areq under fhe strassstrain curve, one
can determing the toughness of o polymcer of composite,
Zimmearmann, el al, 2004, found Thal composites Thal
incorporated  cellulose showed o higher degrees of
foughness, The changes in the thermal stability of the
composites depend on The thermal stability of WNRC
relative fo the polymer maii. For exaomple, in the cose of
polyethylens [PE), NFC hos o ralafively lower thermal
decompasifion tempearalure as compared 1o PCL
Iherefore, the decrense in thermal stability in the PEMNEC
can be attibuted to the degradation of NFC at o lower
femperalure which then tiggers the decomposition of
ihe PE matrix [Yasim Anuor et al, 20107). Improvements o
fne themal stability of the composites are suggested fo
be due fo the compatibility of the palyrmer midtix with the
MFC filler and also the interfacial interaction betwesen the
fwo (Forahbakihsh &f al., 2017). In fact, for such cases, an
addifional degradation step appears which is assumed
fo be due to the degradation of the NFC fractions of the
composites [Farghbakhsh et al, 2007; Tomé et al., 2013,
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| wmopuerioNly

Bioplastics ane wed in an increasing  numbeor of
rarkets, frorm  pockaging, catering produocts,
COMNSUmEr elecironics, aulomotive,  aghiculture)
harticulture and foys to texdiles and o number of ofber
segments,  Packaging  remains  the  lorgest field of
cpplication for bioplastics with almost &0 percent (1.2
rrillion tonnes| of the totol bioplastics market in 2007, The
increasa in the use of bioplastics in all market scgments s
diven by the increasing  domand  for  sustainabls
praducts by cornsumers and brands alke duc fo o
growing awdrencess  of the impact on the onvironment
ard the nead fo reduce the dependency on fossi
resources a5 well as the confinuous  advancements
and innovotions of the bioplostics industry  In new
matencls  with  improved  properfies and new
functionglities. The budding bioplastics industry hast he
potential fo unfold an immense cconomic impact over
fhe coming deocados.  According to o recont job
rarkct analysis conducted by (EuropaBio, 2014), tho
Curopcan  kieplostics  industry could  realise a stoop
employment gronth. In 013, fhe bioplostics industry
accounted for araund 23,000 jobs in Eurape.
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Fig.2. Global production capacities of bioplastics in 2017
by market segment)

Binplastics are used in an increasing nomber ot marksts,
from  pockoging, cotsring products,
electronics, automaotive, agricuture/harficulture and foys
to fendilas and o number of other segments. Pockoging
remding the largest fiskd of opplication for bioplostics
with almost &0 percent (1.2 milion fonnes) of the fotal
bioplostics market in 2017, Industrial vses of nafural fibers
increosingly gain attention frem various manutactuing
sectors. [he use of natural fibers far polymesn composites is
orowing rapidly to mast diverse end usas in fronsporta
fion, low cost building, and other constriction industries
(Moo et al., 2013). GQualitiss of notural fibers are stronghy
influenced by growing emvironment, oge of plont,
specias, femperoturs, humidity, and quality of sail,
Various fislds whers notural fibers con be emploved ares;
slrucioral  composites,  aulomokile,  nonstrochoral
composites, geotexliles, pockoging, molded products,
sorents, filfers, and in combinations with other matericals.
Apart from the plont-based fibers becoms ofther
oitemotives tor producing bindegrodables, biomedicol
ond  hicresarboble composite materals for
hicenginesring and aothoposdic opplications.

) LONOCELLULOSIC FIBREST

Motural fiber = o type of renewnble sources and a new
peneralion of mrenforoements and supplemenls  Tor
polymer based malerals. The developmen! of nalural
fiber composile malerals o envionmentally  rendhy
composites has been a hot topic recently dee fo the
increcsing environmental awareness. Notural fibers are

Conslmer

\



one such proficient material which replaces fhe synthetfic
rcalenals and ils relaled prodocls for The less weighl and
energy conservalion applicalions. The application of
natural  fiber  reinforced  polymer composites ond
natural bosed  resing for replacing  esisting  synthatic
polymer or gloss tiber reinforced materials in hugs.

Kenal (Hibizcus connabinus | tamily Malvocea) has been
found  to be an importont sounce of  fiber tor
cormposiles,and olher indeslial applicalions. Kenal s wel
krown as o celulosic scurce wilh bolh economic and
ecological advanlagess; in 3 month [aller sowing The
seeds|, it is able lo grow under a wide range of wealher
conditions, fo a height of more than 3 m and o bose
diometer of 3 - 5 cm. The kenat plont B compossd of
rarny vsetul componants [2.0., stalks, lsaves, and seeds)
cirecd within eoch of these there are various usoble parfions
(e, flbars and fkber shands, proleins, ol ond
alzlopalhic chemicalks). The vield and composilion of
Ihese plonl componenls can be allecled by many
laclors, incloding cullivar, planling dale, pholosensilivily,
length of growing season, plant populalions, and plant
rmaturby. Kenal filomants consist of discrete individual
fibers, of generally 2 & mm (Akil et al 2011, Eenat is
presently being used in paper praduction on a very
lirmited basis. Various uses of the bast fibers have been
explored, such os in the making of industial socks o
absorb oil spills, as well as moking woven and non-woven
lexliles, The kenal basl fiber s known o have The
polenlial s a  reinflocing Tbher in lhermoplaoslic
composies, becawse of ils superior loughness and high
cspect ralio in companison to other fibers.

Kenaf Tree

Bast Kenarl Fibres

il palm [Clocis guinconsis Jacg.) is the highost vielding
edibie ol crop in fre wadd, It s cultivated in 47 countries
in 1T million ho oworcwids, West Afico, South Eost
Asion counfries ke Maoloysio and  Indonesia,  Lafin
Amencon countries and India are the major oil palm
cultivating counfries [Shinoj et al.. 2011). Qi palm is the
largest and imporfant plantafion crop in Maldysia, The ol
palm frecs gencrally could lost botween 23-30 yoars
bofore the next replantafion needs 1o be dong. With this
replantation cycle, the huge amount of avalable
biomass s availoble and nof being fully utiized ond
normally left to ot noturaly, This readity available
renawable resource could be vsed as o raw matenal for
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wiood bosed industry, Emphy Fruit Bunch [EFB) is one of the
il palm biomoss malerial. The EFE amoonling o 12.4
million | year 1 [(fresh weighl) and regularly discharged
from oil palm refineries (Abdul Khelil et al., 2008). 1t is o
ligrocelulosic material and has potential as the notural
fibwe resource. Moiiure content ot tresh FHE s wery high,
ahout over 0% on o wet FHE basis. As FHR IS readily
avnilable ond obundance in Moloysio, converting them
into composite boards con be a way o resolve the
scarcily of wood sources,

Oil Palm Treo Bamboo Fbros

ey
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Avtomatives part

Motural fibers reinforced composites ars emerging very
rapidly os the potential substitute to the metal or ceramic
bosed molerals in applications thal  ako include
autormnolive, cerospoce, manne, sporting goods and
elecironic industiss [Thakur and Thakor, 2014). Motural
finesr compositas exhibit good specific propertiss, but
there is high varinbility in their properties. [heir waokness
con and will be overcomes with the developrment of mors
advanced  pmocessing  of  notural tier and their
composites. Their individual properties should be o salid
boase 1o generale new applicalions and opporlonilies for
bincomposiles or naloal Gber composiles in he 21sl
cenlury “green” malerals environment. The exploibation
of natural fiber composites in various applications hoas
opensd up new avenueas tor both academicians as well
o5 industries to manufochure o sustainable module tor
tutre application ot notural fiber composites
(Gurunothan et al,, 200 5).

The auvlomobile  indoslry &5 successiully  applying
composles reinforced wilh a variely of nalural Tber o
replace components such s inlernor panels and seal
cushions orginally made of gloss met PMC or polyrmeric
foams  [Monteiro et al, 2009, Moy automotive
components  are aready  produced  with notural
composites, mainly bosed on polyaester or Polypropylens
and fibers like flax, hemp, or sisal. The adoplion of notural
filer composiles in this industry s led by molives of price,
weinhl reduclion, and markeling ralher Ihan l2chnical
demands [Saravan and Mok, 2010)0 Germany s a




eoder in the use of noturcl fiber composites. The
Cermanaulo-moanulaciorers, Mercedes, BMW, Audi and
Valkswiogen have laken the iniliative o inffoduce natural
fiker composiies for  interior and exterion
opplications_{sanjoy]  The oufomobis  indostry s
sucoesshully  applying  composifes  reinforced with o
wvoriety ot notural fiber fo reploce components such os
interor panels ond seat cushions ariginally mades of glass
ot PRMC ar polymenc foams (Monteiro et oal, 2009).

Inferior porl: Door frorre

Wood Plasfic Composites (WFPC)

Thenmoplastic grecn composites can be obfained only
with limited fiber loading (maximom S0%w ). This i duc
fo tochniques availlable for thommoplastic compaosito
rnanufaciuring thal hinder good filber dispersion in a high
wiscosity matnix whan the fiber content is higher than HI%.
Inferestingly, thermoplasiic green composites con be
pracessad by means of the standaord and sconomic
equipments wsed for plosfic manufachoing such s
compounding and injection molding. However, theso
fochnigues hove the imitation that only relatively short
fiors fwhich impart limited reinforcing offect] can b
wsad. IF longer fibors are fo be included, comprossion
molding methods need fo he vsed. In the outomaotive
industry, for exompls, long natural fibers are genarally
mingled together with fibers of the themmoplostic polymer
fo fomm o nonwaoven flsecs, which B subsequently hot
prassed in order to promote mefing of the thermoplastic
filmers [Fowlar ot al,, 2004).

Food Packaging

Packoging is currently at the cenire of inlensive research
among  scienlisls conceming new  lechnologies  Thal
includs  Ihe developmenl of ervdronmenlal Tienoly
packaging malerals Thal inleract wall wilh loods in lerms
of preservalion. To provide o poslive impocl on
consumer  health, the  pockaging 5 dosigned by
infograting functional ingredicnts in the structure of tho
packoging with the packed food products (Chon, 2014).
Mew developments in packoging technology have been
fueled by developments in maloials  engineering,
elecironics and processing lechnology which involve
some key areas including bigh bamier malerals, aclive
packaging, inleligenl  pockoging,  nanolechnology,
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tagging applications and digital print for packaging that
are imporlan! {or the growlh of packaging induosley
(Momikos, 2005). Mosl challenging aspect of pockaging
research is lo develop and promote the use of renewable
and  bindegmdobls “hio plosiic” . which . can
commercially reploce pefroleum based plostics and thus
help in reducing waoste disposol  problem.  However,
hinpolymers hosed pockoging  has  relotively  poor
mechanical andd bamsr propetties than
non-biodegradable counlerparls which curenlly lirmil
[Fezir induslrial vse.

Allhough extensive research s being underlaken, the
nanotechrology opproach for pockoging opplications is
still in the development stoges. [he main foous 5 o
exomine the complete lifecycle of the pockaging (rowee
rnatenial selection, production, analysis of inferaction with
tond, tse and disposal] whils infegrting and balancing
cost, performance and  impact on health ond
anvironment, Celuloss nanofibre hos been considersd
s 0 remarkable engineering malerial because ol ils high
abundonce, low weighl, high slirenglh, shiffiness ond
biodegradability  (Khall, 2014). The use of celuloss
nanofibre adsguately enhanced the mechanical ond
harier properfiss of cellulesic fibre bosed producis (e,
popears, hincomposites). Cellulose nanatibres are derived
from noturol resources (wood o plont] thus they are
almast inexhaustinle, renswabls and globaly abundant
(kalia, 2011). Sludies hove demonsiraled [hal The vse of
nunocelulosic based malerals us reinlor-cing elemenlsin
various bio-based polymenic compasiles enhanced (he
rmechanical and funclional properlies of the composite,
such s their biodegradability, fronsparency, gas barrisr
properiies specitic surtaoce area and heab stabilite (L
ANd). Beside improvemsnt in properties of tood
pockaging nanomatenols will also prevent the invosion of
boclerna and microbes inlo pocked food products
lhrough  packaging. Polymers wilh  cellulosic Tibre/
nanocloy based hybid molerals would provide high
bamier, shorl lile, easy dsposcl and  environmenlally
compalitle properlies for food pockaging malerials.




| coNctusion

Molural fbers are one such proficien] molenal which replaces The synlhelic maledals and ils relaled prodocls for The
less wesighl and energy conserdalion applicalions. The apelicalion of nalural iber reinflorced polymer composiles and
natural-based resins for replacing exisling synlhelic paolymer or glass Giber reinforced malenals in hoge. Cellulose
nanofibre noithar interfoncs with the human food chaoin ror scs poefrochemical componcnts for its funciicnality,
Therofore, nanocclulosic fibres have boon ulilized inoa wide range of applications. Packaging sccior could be one of
fhe araa wore collulose nanafibores can be usced far sustainable dnd greoen packaging.
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NANO ZINC OXIDE IN PAPER-BASED PRODUCTS
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_ INTRODUCTION

Zinc oxide hoving chemical formula, Ind s a type of
incrganic mincral that cxists ds white powdar form and
insoluble fo water. It hos pH 655 which couse bifter in
faste and high melting point v fo 1,973°%C. This 5 the
reason of s suitabiity o be opplied in ceromics ond
clectronics products recently, Jine oxide 5 o comman
commercial subslonce in pharmaceolical indusiies in
instance first-oid topes and calamine cream for the
purposs (o real skin condilion problem (roshes and
wound) (Nafional Center for Biotechnology Information
(MBI, 2005]). The ocoupalion of dnc-oxide al indusihial
scales production also invalved rubber, cosmetics, texdils,
glecironics  and  elecirolechnology,  pholocalalysis,
biosensor and produclion of anc silicales as exhibiled in
Figure 1.

Rubber

Textile

Inclustrics

Industios

Zinc oxide & eminent as a multi-ionctional mincral due to
its chomical and biclogicd charctenstics by having
high chemical stakility, high photostabiliby, wide mnge of
radiation absorpfion and high clectrochamical coupling
coeflicient (Segels et al, 2009; Lou et al, 1921). Curently,
industrics and researchaers aogquire higher affention in
advancing nono-gnc oxide thal hos been Irsaled os
amangst  promising  nanomaterials owing its unigue
choraclenslics such as anlimicrobial, pholocalalylic,
clectro  conductivity  and  ulraviclet  protection
[Kaoloddejcaak-Rodamska & Jesionowski, 201 4]

Researcher has sludied the elffeclivensss of dnc oxide to
Ihe exlen! of nono-sized parlicles in vardous producls. In
obwvicus research cose, nono-7ine con be employed in

Photocatahysis
industries

F—— S
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Fig. 1. The opplication of zdnc oxide inindusiies [Koloddsjoaak Bodedmska & lesionowsk, 2014)

freafing eftusnt to reduce micrabial load (Nagarajan &
Kuppusamy, 2013). As for poperbosed applicafion,
researcher investigofed that nono-sinc oxide cooted
pdpcr has cxhibited higher  guality  penting papor
{Prassod et al, 2010). Inadditicn, fhe poper brought olong
frhe ability of dksorbing ultraviclst which can avoid
incduction of ultraviclet degrodation beneath it A stody
by Jotisai et al., (20012) also consuming nano-2ing oxide
fhat are grown on paper vio hydrothermal method ond
has  shown  good  anfimicrobicl  activing against
Eschernchia ool and  Slaphylocooows aursus. The
potential of the anfimicrobial poper fo inhioit microbes is
enhanced by its photocatalysis properies ds shown by
Barvah el al, (2010} wilh immobilizalion of E. coli wrder
visipde-light iradiaficn.

| ooking at nono-7ine petormance invaious application
via rescarch and industrics persepoctive therefore it s
being freated os amongst promising  nanomaterials
owing fo its unigue proporfics such as anfimicrokial
substaonce. This & due to smaller sire of zinc oxide
particles that can provide larger suface arcas o work
more efficient. Environmental Working Group [EWG]
[2018) applied nano-@ine oXide in thelr sunscreens
product o lomulale less while chalky lolion and grealer
sun protection factor, Gesides, the nano-sized zinc oxide
is lransparen! in visible lighl which moke | suilabls in
cerfain  products ike  tfextfile, phormmoceutical  ond
cosmatics (Daka, 2073).

\



In popermaking area, there are 2 typas of nano-zging
odide  preparalion which consistl of chemical ond
hiological melhodologies. According 1o Joisai el al
[2012), nono-dne oxide Ihal have been hydroelhermoal-
k-synthiesized achicwed 250-300 nm and 3,400-4,200 nm
in width and length respeciively, Cotalyst like gold plays
impartant ke in defining  the nonowines Zing oxido
diarmcter by dirccting its growth as long as the catakyst
rermaing in liguid state with reactant. Sublimafion of @nc
cxide powder without catalyst produced nanobelt zing
oxide with typical width for enfire length 50-300 nm and
10-30 nm Thickness (Wang, 2004). Biological preparalion
method involves bic-resources and few chemicals s
precursar of sehvents for exfraction process, Flants, algos
arnd fungi are some exampls of the sourcaes that can be
utiized to initiate the growth of noano-ginge oxida,
Sutradiar & Saha [2015) used green foa leof as reducing
and stabdizing agent for Zine oxide nanaparticies undor
roicrowave irradiation. Mano-sinc  oxide can be
voriad in size and shape for example tha sol-gel method
with solufion-bosed approoch studied by Srivastava, et
al., (2013], produced rod-shape zine oxids nanaparticles
in rangs of 17-50 mm via Transmission Bectron Microscopy
{TEM).

Mano-zing axide hos bocome promising in nanomaterials
industics boocouse of s funclional propartics which can
be applicd as antiscptic and anti-inflammation due fo its
anfimicrobial proparty as stated by Prosad et al, (2010].
Ine ressarchers investigoted that no fungal growth wos
naticed on nano-gine oxides cooted papsr whils boss
poper was completely degraded by fungus, Exhibifing
strong wisicle fluorsscene was axcifed by ultrovialst
comasponds o wide bond gap emission of nanc-aing
cxide  which  makes it good  ultraviclet  absorber.
Photacataltic activity of nanorods Zine oxide papor
studied by Borah et al., [210) showesd high percentoges
of photodsgrmdation for methylsne blue and msthyl
orangs, and also nomingl decredss of efficiency though
affer sevaral fimes usade, Sobid et al, (2018] found out
fhat zinc-oMide porficles con be produced vio in-situ
synthasis by wsing hydrofhermal methods which may
allow the generation of nono-zing particles amaount and
shape that confributas to its charactonstics.

In oddition, there are tew estoblished poperbosed
praducts in the morkst which could provids brighter
future for moditied nono-zine oxids poper. The company
namely o5 Paper Praducts Company [2015) focused an
fhe sonitary ond food packoging items. The food
packaging fems include paper bowls, boxes for caks
ond pizza, poper cups, paoper plotes, and focial fissue,
Similar to Foo Carton [2014), wide range of food ond
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beverages paper-based packaging has bean produced
in Malaysia. Being popular for ils anfimicrobial aclivity,
Wallsouce [2019) has inlended 1o use such parlicles Tor
wall poper which possible 1o redoce breeding and
minimize spredading of bactena ond mould in moisture
and indoor crvirvonmant respectively. Such paper mary
oo applicd for safe and arfsy wall for hotels, hoalth
institution and oven for home ond work places. This
proparty could dlse bancfit in haalth care poocr-bosad
products such as face mask, fissue paper and paper for
minting  and  wriling  bringing  along  antimicrobial
choracherislics.
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1" INTERNATIONAL CONFERENCE ON SAFE BIODEGRADABLE PACKAGING
TECHNOLOGY (SAFEBIOPACK2018)

Dote 024 26 July 2018
Venues : MICHT Partnership Hul, Cybefoya. Selangor

Thie 14 Intematicnal Confarence of Sofe Biodegradable Fockaging [SafeBioPack2018] was successfully held in MiGHT
Martrership Hob, Cyberjoyo, Salangor. During he conferenaa, bvo days were allocoted for porallal oral session and
e last day was spent tor technical visit of Parkside Hexibles Lid, Shah Alam, selangor. |t wos co-organized with
falerysicn Institute of Transpoet [MITREANS] Universiti Teknologi MAEA [UITK], Porkside Flexibles Lid., TESCO, Bangor
Lnivarsity, Pobycomposites (M) Sdn. Bhd., Scitech Adhesives Coalings, Nextek 1id. and Too Premium Fackaging (i)
Sdn. Bhd., SafebicPack018 was supported by Malaysion Industry-Covernment Group for High lechnology (MISGHT).
Mewton-Ungku Omar Fund, Eesearch Councils UK and Innovate UK. The theme of this conference was 'Waste fo
Wiealth® which firstly focused on the ulilizafion of biomass regdues such s agricultural woste inmonofoctuing various
praducts dedicated on safe and biodegrodable packaging.

The conferance dlse aims o provide o platform fo discuss and share information regaording food packaging
technology. SofebioPack2018 has gathered an amount of 80 experls from arovnd the world such as United Kingdom.
Indic, Australia, Morocoao, Saodi Arabia. Chile, Tunisia and Maloysia in order to share ideas and experiences.

DECLARATION OF INTENT (DOI) SIGNING CEREMONY BETWEEN UPM
AND HUG PROJECTS

Dote ;20 August 2018
Venue ; Futra Gallery, UPM

The signing of the Dol s going o e the first step in the cooperafion to initiate the AMEES [Associating Media in
Fducation for Cnvirenmenial Sustainabilty) programme which servas as an educational and research pragrommae by
assaciafing media in education to convey environmental sustainakbility owareness fo its primary and secondary
stakeholders. The Dal of cooperation between UPM and HUG projects was signed by Vice Chancellor of UPM, Prof.
Miaatin Paduka Dato' D Alni ldeds, and HUG Projects FTounder, Me. BMark | ee See Teck. The signing wos witnessed by
Director of INTROP. Protf. Dr. Ahmad Ainuddin Muruddin and Ambassador of HUG Projects. Mr. Steve Yap Leong Chai,
LIPM Wice Chanaallar, Frof, Dotin Poduko Date® Dr, m
Aini lderis said thal developing countries in Asia are
now setfing up new role models and practices fo
pramate reseorch, education and cooperation in
fhe orea of ervironmental conservation and
sustainability. According to Mark Lee See Teck,
Foundar  of  HUG  Projects,  Ervironmental
Awearensss  Flims oble o panl piclues of
everything that is wrong in the world, the problems
fhat plonet carth facing and how it is possible to
make the world a beller ploce (o live in for fulurs
gensrations.
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INTERNATIONAL TROPICAL ARBORICULTURE CONFERENCE
2018 (INTACKL2018)

Date 025 27 September 2018
Venue ; dumway Hotel Ruala Lurmgur

Infernational Trepical Arbaoriculture Conferancea [INTACEL2018) has been organized by Marsatuan Arborst BMalorysia
{PAR while Instifute of Tropical Forestry and Forest Products (INTROP) wos the co-organizer for this internafional
conference. INTACZKL2018 has been officioted by YEM Senator Dato' Eajo Karmanol Babiin Shah lbni Eoja Ahmod
Roharuddin Shah, Deputy Minister af Ministry of Housing and local Governmant, INTAC KL 2018 with the theme of
Urban Trees: Safety, Resiiency & Sustainability serve as a farum for like-minded stakeholders 1o discuss, deliberate and
share knowledge on the issues of manoging fropical trees in urban areqs within the confext of their
sugfananco and the benaefits while keaping therm safe and hedlthy, The aobjectives of this conferenca ware to provide
ocpporfunities for nelworking and collaboration among stakehaolderns in tropical arbonculfure, to provide an avenue for
d better understanding of functions and benefits of urban frees towards ensuning and to propose resclution(s) for
formulation of national palicy related to the imarovement of arboiculfuee industry in AMoloysio.

TRAINING ON FLAMMAGBILITY TESTING

Dote 0 10 October 20019 (Wednesday)
YWeonue @ INTROP, UPR

Laboratory of Biocomposite Technalogy, INTROP, UPM has crganized o fraining on flommability festing. The equipment
imvolved is this workshop were Lirmiting Ceygen Index and UEP4 Chamber, The training wos conducted by GT
Instrements Sdn. Bhd,




EVENTS

INTROP HOODING CEREMONY

Dote 26 Octpbher 2018
Wearnue  INTROF, PR

IMTROF Hooding Ceremony is o special recognilion for graduates who receiving o measter's degree and a PR, All
condidates are individually recognized at the Hooding Ceremmony. lhey received their hood trom their main
supervisar. As for 2018, 11 students were graducfed (6 Ph.Ds and 5 Masters) and 2 of them have aftained SOT

{Graduale an Time] fifle.

MOU SIGNING CEREMONY BETWEEN UNIVERSITI PUTRA MALAYSIA
AND BORNEO FORESTRY COOPERATIVE

Dole 3 December 2018
Yenue : Putra Gollery, UFM

resl ) signineg ceremony bebweon Universiti Putra Maloysia (UFM) and Borneo Tonastry Cooperative (RRC) was officiobed
by Deputy Vice Choncellor Ressarch and Innovation. Frof, D, Zulkifli Idnos and the Mol were signed by the Chairman
of BFC, Mr. David Boden in the presence of Director of BFC Eesearch and Development Scn. Brd., Br. Hattah Jaafar.
tecrwhile, on boehalf of PR, the Mall weara signed by Vice Chancallor of DPR, Prof. Datin Paduka Dato! Adni derds, in
fhe presence of Director of INTROP, Frof, Dr. Abmod Ainuddin Munodding The areas of cooperation bebwesn bofh
parfies includes joint resecrch project in fropical forestry plontation: developrment of acodemic status among UPRM
and GRC staffs and studeants; jointhy organize of workshop, lochors, seminar aond conforence and athor cooperafion to
be mutvally agreed vpon by the parfies,




EQUIPMENT

EQUIPMENT/SERVICES AVAILABLE AT INTROP
(LABORATORY OF BIORESOURCE MANAGEMENT)

Mo Fouipment/Services Funeticon Marson In chaoarge Contact Mo

1 Porfoble Soil Molshure lo mcasure 50d moisfure and soil . Mohd Hambeali 059769 | By
temperature hohd Jailani

2 ol Documentation Systom lorecord and measure lobeled nucleic rAdm. Infan Surcva U35 9 /6% 5424

acid and profein in various bvpes of media  lbrahim
wich 03 agarese, acrvlomide of cellulose

3 Autocloe To sterifze materickfzomplas wadm. Intan Surova lbrahim  O3-9749 G424
4 PR T amplity, or copy, o specific DA barget O3-F745 Bd24
from o mixfure of DMA mokeculkes pAdrn. Infan Surcrea IErahinn
5 Plart Hursery (900 =q ] Far plant propogaticn and growth of hr. Mohd Hombali Mohd 039749 1898
secdlings af cordy sfoge Jailari
& Control Ervironment System To control and shisld crops from edreme hr. Mohd Hombali Mohd  03-F748% 1898
{12200 59 fi] weather, mestly for research purposes Jailari

iy

Partabls Sail Moisturs Gel Docurmentation F;-,-s.-fem = "F,;,Qrm;l::wo

Confral Erviranment Sestem
1200 50 ]

Plant Murssry (900 3 ft)



EQUIPMENT

We are seling forest trees, londscape trees and fruit trees. The lists oz per below:

—_

Pegomia (Pegamia pinnota)

kolat paya [Syzvgium myrfifolium]
Tulang Daing (Calerya artopurpursa)
#shoka (Polvalthia longifolia)

Coa (Terminalia mantaly)

teranti temboga (Shorea leprosulal
heranti langgong [Shorso lepiadoio)
Balau laut {Sharea glavcal

Chengal [Neobolanocarpus heimii]

k2

Resck lore [Valica povcilioral

Kapur (Drecbaianops aramatical
mhercvwan siput jontan (Hopea adorafal
Belion (Eusideroxyion zwogs)

hAulEs=n (dorus coustrois) Bonousatie noire

Manggis jepun [Carcinia elipfica)

O~ B On a3 A —
= D th B L

Bunga lanpung {Mimusops alsngi]

1

2 Mentega [Dicspyros discolor) 2 Purple jordan

3 Lemon [Citrus fimon) 1 aks

4 Kurning telur (Pouleno campechiong

i Asnmggelugcir [Goncinio n':;'ﬁdis,l : 4 SUHHII Jurnbu‘Lung
&  Bimjai [Mongifero coesio) 5 Masui Dauphins

/ Terap Bomeo (Arocorpus odorofissimis)

8 Nongka fArdocarpus helerophylius)

?  Mena fannona reficuiata)




EQUIPMENT

EQUIPMENT/SERVICES AVAILABLE AT INTROP
(LABORATORY OF BIOCOMPOSITE)

Mo Fouipmen|

1

BRABEMDER Inlernal Mixer

Ihermoplostic Compression
Meoulding (A0 tonre)

Hot Press {100 tonng)

Twin Sorew Exiroder

Vamows chipper and milling
machines

Irgeclion Mowkding
Universal lesting Machine (U]
(30 kM)

Ihermal Gravimetnc Analyzer
(TGA|

Dillererilial Scanning Calorirmes e
(DS

Cymamic Mechanical Anakzer
(DA

Thermeal Mechanical Analyzer
[TiAA)

1% Dyramic Mechanical Anakrer

(DA

13 Digital image Analzor

Fraezar Mill f Cryocrusher
[excluding liguid nifrogen)

Universal Testing Machine

058 Resin Mixer

Apzpliczalicn

To mell-rnix polymer samplhss wilh
nafuralfsynthetic fillers at low volume.

lo melt compress phastic/composito:
samples at low pressue.

To compress wood feompaosite saomples
at high pressure.

To melt-rmix polymer samplhss with
naiuralfsynthetic fillers at high valure,

lo chip and grind woeod and fiber
sampls

To injec| polyrmerfoomposile somplss
into a mould coviby.

lo determine tensilefoexural properics
of polymerfocomposite samples.

o determine thermal decomposificon
of samples.

To cdeslerrnine [hermal behoviows of
samples.

To determine mechanical-themmeal
properdies of sarmples.

To delerming thermalmechanical
behaviours of somples.

To determine impact properties of
polymer/composite samples.

To visualze fibre/composite somple
at low magnificafion {40c).

To crush keaiffibre somples via
CTYOQEenic DRoCEss,

Injection Moulding Machine

Compression Moulding Machine

Person In charges
Is. Area Salleza Md. Sallsh

s, Ara Salleza pad. Salleh
s, Ara Salleza md. Salleh
Ms. Ara Salleza Md. Sallsh
s, Ara Salleza tad, Salleh

Iz, Area Salleeza Md. Sallsh

e, hdohed LU Wohd Tawil
rar, Mahd LUt Rabd Tl
Te. Bobed Lofli ot Tessal
hir. ok LU hMabd Tawil
R, Wabed Lol Mobd Tawd
. hdohd | Off Robd Towil
e, Wabd LUt Mok Tawil

Iz, Ara Salleza Md. Sallsh

Conlac! Mo
03-574% 1885

03 ¥/6% 148

039769 1885

039740 1885

039769 1885

039749 1885

O3 960 Ro15

39767 P61

039752 2415

(39747 9415

0O-F76% 7415

O3-9748 9815

C39/6F P65

039749 1885

Optical Microscope




EQUIPMENT

EQUIPMENT/SERVICES AVAILABLE AT INTROP
(LABORATORY OF BIOPOLYMER AND DEVIVATIVES)

Mo bEguipment Application Ferson In charge Contact Mo
1 3o Chromatogro phy Mass Charactenzation of samglke in mdm. Mor Azizah Horon 039765 1887
Spechometry [GEME) components in samples (e.9: foty acids,
organic acids, biodicsel (FAME}
2  Pulp Digester To conver! wood/non-eood info pulp mMdm. Madia Grun 03-57465 7007
3  Popsrmoking instrurments Ta convert pulp into paper/board Mdm. Masdia Girun 03-974% 7009
(handsheet farmer)
4 Bealer (PFmill) T beal pulp hddrm. Mezlion Ginon 03-97 69 7009
5  Pulp Viscomele T find The viscosily of pulp hAdim. Meelia Siron 03-97 469 7009
4 Paperfboard lensile machine T ind The sirenglh of popedpoapesrboard Mdm. Mazdia Ginon 03-97 49 7009
7 Chemical composlional analysis — To measure The comiposition of cellulose, RAdrm. Mazlia Ginar 03-9769 7009
hemiceluloss and lignin
8 Scanning Beclron Moroscops I el an imoge which descibe hdcdrn. Merlio Ginun (3-97 69 7009

[SFRA) the suface of material

Bexaler (PFIMill) Canadian Standard Feeness Disinlegralor

Handsheel Former Gas Chromalography Mass Scanning Electron Microscops
Speciromelry (GCMS) {SEM)



BRILLIANT SCIENTIST QUOTES

Irue knowledge exists in knowing that vou know noffing.
Socrates, 470 - 399 BC
I"hilosapher

You cannot teach a man anything you can only help him
discover il in himsedf.

Galileo Galilel, 1544-15642

ASTROnormer

Scionce @5 the great anfidate te the poison of enthusiosm
and superstifion.

Mddam Smith, 17231790

Economist

Lexarning nesver exhousls the mind,
Leonardo da Vinci, 1452-151%
Polymath

True courage i knowing what nat fo fear,
Flafo, 424 — 348 BC
Philnsopher

The imporant fhing is not o stop questioning. Curdosify
ficrs s owin reason for existing.

Albert Fnstein, 1879-19455

Theoretical physicist

Maothing in fife & ta be feared, it is only fo be understood. Now is
the fime fo undersiond more, so thal we may fear less,

Marie Cure, 1846/-1934

Fhysicist and chemist

Proaress I made by frial and foilure: the failures are generally a
hundred fimes more numerouws than the successes; yet they are

usually feft unchroniclod.
William Ramsay, 1852-1914
Chemist
The great fragedy of scicnce - the slaving of g beautiful
hynathesis by an Ugly fact,
Thomas Husdey, 1825-18%5
Biolorgiest

The good thing aboul science i hal il's Iue whelher or nol you
belisve in if.

Meil deGrasse Tyson, 1958

Astrophysicist

QUOTES
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