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ABSTRACT

Lignocelluloses were a significant new value adgeadduct especially for
composite industries. The method of alkali and &ak@atment was used in order to
produces lignocelluloses from palm oil empty fioiinch. This research obtained to
identify the effect of temperature, size of paln empty fruit bunch and
concentration of acid on production of lignocelk#s yield. The sample of palm oil
empty fruit bunch was treated by sodium hydroxidd hydrochloric acid. Sodium
hydroxide was used in order to breakdown all tgeifi bonding in sample of palm
oil empty fruit bunch. Hydrochloric acid was usesl @ bleaching treatment for
lignocelluloses produces. The result shows thelssiadize of palm oil empty fruit
bunch was resulted high yield of lignocellulosesduces that was 80%. The lowest
concentration was decrease the yield of lignocedkes production that was 40%.
Characteristic of lignocelluloses was found usingM$ TGA and FTIR. The
morphological structure of lignocelluloses has beeralyzing using SEM. The
biggest sample of palm oil empty fruit bunch wasuteed no breakage and better
surface lignocelluloses produces. More stable stracwas degrade at higher
temperature that was resulted from TGA analyzer&laee three functional groups

consist in this lignocelluloses that were Mg)4, C-C=C and O-H.
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ABSTRAK

Lignocelluloses merupakan salah satu hasil penefaanyang mempunyai
nilai tinggi terutamanya didalam industri composiBenghasilan lignocelluloses
daripada tandan kosong kelapa sawit adalah dengaggunakan kaedah rawtan
alkali dah acid. Kajian ini dapat menemukan kesemhadap suhu, sais tandan
kosong kelapa sawit and kepekatan acid keatas lgatayhasilan lignocelluloses.
Bahan kajian tandan kosong kelapa sawit telah ditamenggunakan sodium
hydroxide dan acid hydrochloric. Sodium hydroxtdi&ah digunakan untuk tujuan
memecahkan ikatan gentian lignin yang terkandudgldim tandan kosong kelapa
sawit. Acid hydrochloric digunakan sebagai rawgtetuntur bagi membersihkan
cairan hitam yang terhasil daripada tindakbalasiusodhydroxide didalam
menghasilkan lignocelluloses. Hasil kajian menuk@rkpenghsilan lignocelluloses
adalah paling tinggi 80% apabila sais terkecil dekan. Kepekatan acid yang
paling rendah akan menyebabkan kemerosotan kadmhasilan lignocelluloses
iaitu 40%. Sturuktur permukaan lignocelluloses Hethkaji dengan menggunakan
mesin SEM. Semakin besar sais tandan kelapa sasdnkg akan menghasilkan
lignocelluloses yang mempunyai permukaan bagugidak akan musnah. Semakin
stable structure akan mamerlukan suhu yang tingigikumemecahkan ikatan antara
molekul lignocelluloses, ini dapat dilihat dengaasih analysis menggunakan mesin
TGA. Lignocelluloses yang dihasilkan mengandunga tkumpulan berfingsi iaitu

kumpulan alkine, amine dan alcohol.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Lignocelluloses are the main structural componémtaod plant and non wood
plant such as palm oil empty fruit bunch. The cleainproperties of the components of
lignocellulosics make them a substrate of enornimotechnological value (Howard et
al. 2003). In Malaysia, the main sources of lighlobeses come from palm oil empty
fruit bunch as a palm oil residue. Nowadays, noartechnology obtained to dispose
this residue. Because of that, many palm oil ng# incineration process to dispose this
residue. Effect of that, can contribute to the emunental pollution. Today, many
researches was run in order to convert the palmemipty fruit bunch as waste to

become various value added product.

This study is to find the production of lignocddlses palm oil empty fruit
bunch. The study of production lignocelluloses frempty fruit bunch is one of process

to recycle the palm oil mill residue. The cherhipeoperties of the component of



lignocelluloses make them highly potential to beeowarious value added product
including biofuels, chemicals, cheap energy soufee$ermentation, improved animal
feeds and human nutrients. Lignocellulytic enzynaéso have significant potential
applications in various industries including cheasc fuel, food, brewery and wine,

animal feed, textile and laundry, pulp and paped, agriculture.

In Malaysia, the palm oil empty fruit bunch is three of palm oil mill residue.
The palm oil empty fruit bunch was produce in thiggé amount is more than 8 million
metric ton per annum (Shawkataly and Rozman, 20@4¢h of the lignocelluloses
waste is often disposed of by incineration, whihat restricted to developing
countries alone, but is considered a global phenomeBecause of that, it can
contribute to the environmental pollution. So oh¢he way for save our environment
is recycle the palm oil empty fruit bunch to becomeous value added product such as

plastic compound filler and lignocelluloses.

This study was focused on the production of lighlateses from palm oil
empty fruit bunch. The method of alkali and acehtment was use in order to produce
lignocelluloses from empty fruit bunch. The cherhitet use in the alkali treatment is
sodium hydroxide (NAOH) and hydrochloric acid (H@h solvent. The parameters that
measure in this experiment is concentration of ,&eiichperature and also the size of oil
palm empty fruit bunch. After experiment was done will see relationship between

the parameters and production of lignocelluloses.



1.2 Problem Statement

Palm oil empty fruit bunch is the one of palm oillmesidues ‘waste’. Malaysia
is one of the palm oil producers around the wdBldt the residue of the palm oil has
still not been completely used. Palm oil emptytfluinch was disposed by incineration

process and it directly contributing to the envir@ntal pollution.

Because of that, the purpose of this research e®noert the waste of palm oil
empty fruit bunch into the value added product. Tasearch title of my project is

production of lignocelluloses from palm oil emptwif bunch.

According to the previous research it was statedptiysical properties of the
palm oil empty fruit bunch make it highly potensiglbo become various value added

product.

1.3  Research Goal/ Objectives

I.  To produces lignocelluloses from palm oil emptytflaunch.
ii. To obtained the effect of temperature, size opalm empty fruit bunch and

concentration of acid on production of lignocelksds.



1.4  Research Scope

I.  The effect of size, temperature and Acid concepmatn production of
lignocelluloses.
ii.  The optimum condition for production of lignocebtisks.
li.  Analyze the lignocelluloses produce by using SENMIRFand TGA at the

optimum condition.

15 Research Advantage

I.  Environmental friendly product will produce.
i. Creating new composite from natural resources d&fpail empty fruit
bunch.
iii.  Recycle palm oil empty fruit bunch ‘waste’ as tfsue added product.
iv.  Lignocelluloses from palm oil empty fruit bunch aatural composite will

produce for industrial needed.



CHAPTER 2

LITERATURE REVIEW

21  Palm Oil Empty Fruit Bunch

The Palm oil empty fruit bunch comes from palmtmke (Elais guineensis) and
is ones of by-products generate from palm oil nhlalaysia is the largest producers of
palm oil around the world it about more than twetridlion tones every year (Nafpour
et al 2007). Effect of that, many residues was gdned from this industries and it
become abundant of biomass resources. Now daysy mesearcher was study the
potential of palm oil empty fruit bunch as a nevefgiable product such as ethanol,
composite and lignocelluloses. The production gfidicelluloses from palm oil empty
fruit bunch is highly potential in Malaysia. It iecause, the palm oil empty fruit bunch

is one sources to produce lignocelluloses.



2.2 Lignocdluloses Structure

Lignocelluloses or natural fibers are subdividesgdd on their origins, coming
from plants, animals or minerals. All plant fibesse composed of cellulose while
animal fibers consist of proteins (hair, silk, amdol). Plant fibers include bast (or stem
or soft sclerenchyma) fibers, leaf or hard fibexsed, fruit, wood, cereal straw, and
other grass fibers (John and Thomas, 2007). The e@nponents of lignocelluloses
are celluloses, hemicelluloses, lignin, pectin aaes.

TABLE 1.1 Lignocelluloses Composition from Different Source of Lignocellulsic

Materials
Sources Main Components
(Percentage by Dry Weight)

Cellulose | Xylan (%) | Hemicellulose | Lignin Ash (%)

(%) (%) (%)
Palm Oil EFB | 50.4 - 21.9 10.0 0.5
Sorghum 35.0 19.0 24.0 25.0 -
Straw
Sugar Cane 38.9 20.6 - 23.9 -
Bagasse
Corn Cobs 31.7 - 34.7 20.3 -
Rice Straw 43.4 20.2 28.0 17.2 114

(Source: Najafpour et al 2007)



2.2.1 Cdlulose

Cellulose is a natural polymer consisting of D-ahoglucose (C6H1105)
repeating units joined by 1,4-b-D-glycosidic linksgat C1 and C4 position. The degree
of polymerization (DP) is around 10,000. Each réipgaunit contains three hydroxyl
groups. These hydroxyl groups and their abilithyolrogen bond play a major role in
directing the crystalline packing and also govdra physical properties of cellulose.
Solid cellulose forms a microcrystalline structunéth regions of high order i.e.
crystalline regions and regions of low order i.mogphous regions. Cellulose is also
formed of slender rod like crystalline microfibril¥he crystal nature (monoclinic
sphenodic) of naturally occurring cellulose is kmoas cellulose I. Cellulose is resistant
to strong alkali (17.5 wt%) but is easily hydrolgzby acid to water-soluble sugars.

Cellulose is relatively resistant to oxidizing age(John and Thomas 2007).

2.2.2 Hemicdlulose

Hemicellulose is not a form of cellulose and thenaais a misnomer. They
comprise a group of polysaccharides composed ainabmation of 5- and 6-carbon
ring sugars. Hemicellulose differs from cellulosetlree aspects. Firstly, they contain
several different sugar units whereas cellulosetains only 1,4—-b-D-glucopyranose
units. Secondly, they exhibit a considerable degyeechain branching containing
pendant side groups giving rise to its non cryistalhature, whereas cellulose is a linear
polymer. Thirdly, the degree of polymerization ddtime cellulose is 10-100 times
higher than that of hemicellulose. The degree dyrperization (DP) of hemicellulose
is around 50-300. Hemicelluloses form the suppemnatrix for cellulose microfibrils.
Hemicellulose is very hydrophilic, soluble in alkahd easily hydrolyzed in acids (John
and Thomas 2007).



2.2.3 Lignin

Lignin is a complex hydrocarbon polymer with botliplaatic and aromatic
constituents. They are totally insoluble in modvents and cannot be broken down to
monomeric units. Lignin is totally amorphous anddifophobic in nature. It is the
compound that gives rigidity to the plants. It lodaght to be a complex, three-
dimensional copolymer of aliphatic and aromaticstiinents with very high molecular
weight. Hydroxyl, methoxyl and carbonyl groups héeen identified. Lignin has been
found to contain five hydroxyl and five methoxybgps per building unit. It is believed
that the structural units of lignin molecule arerigaives of 4-hydroxy-3-methoxy
phenylpropane. The main difficulty in lignin chemnysis that no method has been
established by which it is possible to isolate ilgm its native state from the fibre.
Lignin is considered to be a thermoplastic polyneshibiting a glass transition
temperature of around 90 °C and melting temperatfiraround 170 °C. It is not
hydrolyzed by acids, but soluble in hot alkali,di&aoxidized, and easily condensable
with phenol (John and Thomas 2007).

2.2.4 Pectinsand Waxes

Pectins are a collective name for heteropolysadeari They give plants
flexibility. Waxes make up the last part of fibrasd they consist of different types of
alcohols.

2.3  Chemical Treatment of Lignocelluloses

Production of lignocelluloses from palm oil emptyif bunch involved some
chemical treatment. Chemical pretreatments have begely reported as a potential
technique for lignocelluloses production using aaidl alkaline (Mosier et al., 2005;
Rebecca et al., 2007 and Ray et al., 2001). Tls¢ dine is alkali treatment, Sodium



Hydroxide was used in this step. After done thalatkeatment, the sample will go for
the acid treatment. In this treatment Hydrochlaed was used. There are several

sources in order to done the chemical treatmerggdbm oil empty fruit bunch.

2.3.1 Alkali Treatment

Alkali treatment of cellulosic fibers, also calledercerization, is the usual
method to produce high quality fibers (Ray et &0D). Alkali treatment improves the
fiber-matrix adhesion due to the removal of natawad artificial impurities. Moreover,
alkali treatment leads to fibrillation which causte®e breaking down of the 12
composite fiber bundles into smaller fibers. Inesthvords, alkali treatment reduces
fiber diameter and thereby increases the aspeot iterefore, the development of a
rough surface topography and enhancement in asp#ot offer better fiber-matrix
interface adhesion and an increase in mechanioglepiies. Alkali treatment increases
surface roughness resulting in better mechanictdrlotking and the amount of
cellulose exposed on the fiber surface. This ire@eahe number of possible reaction
sites and allows better fiber wetting.

The following reaction takes place as a resultkdlatreatment:

Fiber-OH + NaOH — Fiber-O-Na+ + H20

Alkali treatment influenced the chemical compositiaf the flax fibers, degree
of polymerization and molecular orientation of tleellulose crystallites due to
cementing substances like lignin and hemicellulogsbkch were removed during the
mercerization process. Alkali treatment had anaséffect on the mechanical behavior
of flax fibers, especially on fiber strength andfiséss. Several other studies were
conducted on alkali treatment. They reported thatcerization led to the increase in
the amount of amorphous cellulose at the expenserystalline cellulose and the

removal of hydrogen bonding in the network struetur
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The mechanism of NaOH pretreatment is postulatdaetby saponification of
intermolecular ester bonds crosslinking xylan hethidose and other polymeric

materials, such as lignin or other hemicellulo$ed tvas study by mission et al (2009).

24  Characterization of Lignoceluloses

There are several methods for characterize th@digltuloses which are using
Scanning Electron Microscope (SEM), Fourier Tranmsfénfrared (FTIR) and Thermo
Gravitation Analyzer (TGA).

24.1 Scanning Electron Microscope (SEM)

Scanning Electron Microscope (SEM) is a microscopat uses electrons
instead of light to form an image. Since theirelepment in the early 1950's, scanning
electron microscopes have developed new areasudy & the medical and physical
science communities. The SEM has allowed resemrdoeexamine a much bigger

variety of specimens.

The scanning electron microscope has many advantager traditional
microscopes. The SEM has a large depth of field¢chvallows more of a specimen to
be in focus at one time. The SEM also has muchemigesolution, so closely spaced
specimens can be magnified at much higher levdBgcause the SEM uses
electromagnets rather than lenses, the researakentich more control in the degree of
magnification. All of these advantages, as welthas actual strikingly clear images,
make the scanning electron microscope one of th& meeful instruments in research

today.

The SEM is an instrument that produces a largelgnifi@d image by using

electrons instead of light to form an image. Arhe# electrons is produced at the top
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of the microscope by an electron gun. The eledbeam follows a vertical path
through the microscope, which is held within a waou The beam travels through
electromagnetic fields and lenses, which focudtsam down toward the sample.

Once the beam hits the sample, electrons and Xar@ysjected from the sample.

Detectors collect these X-rays, backscatteredrelest and secondary electrons
and convert them into a signal that is sent tor@estsimilar to a television screen. This

produces the final image.

24.2 Fourier Transform Infrared (FTIR)

FTIR (Fourier Transform Infrared) Spectroscopysimnply FTIR Analysis, is a
failure analysis technique that provides informat@bout the chemical bonding or
molecular structure of materials, whether organidnorganic. It is used in failure
analysis to identify unknown materials present spacimen, and is usually conducted

to complement EDX analysis.

The technique works on the fact that bonds and pgaef bonds vibrate at
characteristic frequencies. A molecule that is eegoto infrared rays absorbs infrared
energy at frequencies which are characteristibabmolecule. During FTIR analysis, a
spot on the specimen is subjected to a modulatedbé@m. The specimen's
transmittance and reflectance of the infrared mydifferent frequencies is translated
into an IR absorption plot consisting of reversakse The resulting FTIR spectral
pattern is then analyzed and matched with knownasiges of identified materials in
the FTIR library.

Unlike SEM inspection or EDX analysis, FTIR spestopy does not require a
vacuum, since neither oxygen nor nitrogen absdirfared rays. FTIR analysis can be
applied to minute quantities of materials, whetbelid, liquid, or gaseous. When the
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library of FTIR spectral patterns does not provale acceptable match, individual

peaks in the FTIR plot may be used to yield pamidrmation about the specimen.

Single fibers or particles are sufficient enough foaterial identification
through FTIR analysis. Organic contaminants iveiols may also be analyzed by first
separating the mixture into its components by daermatography, and then analyzing
each component by FTIR.

24.4 Thermo Gravitation Analyzer (TGA)

Thermal methods investigate changes that occur bpating a sample. Thermo
gravimetric measures changes in the mass of a eatiat occur when it is heated.
These changes relate to the reactions during dexsitigm, the loss of volatile material
and the reactions with the surrounding atmosphérermo gravimetric analysis (TGA)
continuously measures a weight of samples as difunof temperature and time. The
sample is place in a small pan or crucible conmktdghe microbalance and heated in a
control manner and or held isothermally for a sfgettitime. The atmosphere around
the sample may consist of an inert gas, such exgei, or reactive gas, such as air and
oxygen. The heated program may started in an atesrosphere and then be switched to
air at a certain point to complete the analysisigMechanges observed at specific
temperature correlates to vitalization of samplengonents, decompositions, oxidation
or reduction reactions or other reactions or changemperature and mass data are

collected and processed by computer dedicateceteystem.

The TGA data gives information about such propsrés; thermal stability,
moisture or solvent content, additive or filler temt, oxidation and decomposition
temperatures and rate. Thermal events such asnmelgiass transition and other
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changes are not detected because there are noeshianthe sample mass associated

with this events. Any physical and chemical chaingelving mass may be studied.



CHAPTER 3

RAW MATERIAL AND EQUIPMENT

3.1 Raw Material and Equipment

The raw material in this research was palm oil gnfjptiit bunch. The sample of
palm oil empty fruit bunch was collected at FPIS8da Chini 2 Sdn Bhd. The palm oil
empty fruit bunch was got for free. It because,gakn oil mill produce a lot of palm

oil empty fruit bunch as a residue ‘waste” and atue.

Figure 3.1: A lot of Palm oil empty fruit bunch piace from Palm Oil Mill.
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Figure 3.2 : The Sampling Process.

3.1.1 Chemical

I Sodium Hydroxide NaoH.

In this research the sodium hydroxide was used s@went in the process of
alkali treatment. The function Sodium hydroxideasreak down the lignin bonding in
the sample. Alkali treatment is the first treatmpricess to the lignocelluloses. The
sample of palm oil empty fruit bunch was immersed tihe solution of sodium
hydroxide at constant concentration. The pretreatrof sample was carried out using
0.5 M NaOH . Sodium hydroxide was supplied by R Bh@hemicals Malaysia to the
FKKSA Laboratory.
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il. Hydrochloric Acid.

The sample was treated with hydrochloric acid afieish the pretreatment
process. Hydrochloric Acid was used in the bleaghnmeatment and as a function to
remove all the black liquor remained after alkakatment. The concentration of
hydrochloric acid is one of the parameter measundtiis research. Concentration of
acid was constant at 0.5 M for the parameter optature and sample size. In order to
measured the parameter of concentration, the samwgle run at the different
concentration of hydrochloric acid which is 0.3 84 M, 0.5 M, 0.6 M and 0.7 M.
Hydrochloric acid was supplied by R and M Chemicklalaysia to the FKKSA
Laboratory.

3.1.2 Apparatus

There are list of the apparatus was used in ooddone this research:

i Volumetric flask 1000ml.
ii. Beaker 200 ml.
iii. Stainless steel tray.

iv. Glass rod.

V. Spatula.

Vi. Thermometer.
Vii. Sieve.

viii.  Petri disk.

iX. Filter funnel.

X. Magnetic bar.
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3.1.3 Equipment

There are list of equipment that was used in thgegment:

I. Tyler mesh.

il. Balance.

iii. Stirring hot plate.

iv. Scanning Electron Microscope (SEM).

V. Fourier Transform Infrared Spectroscopy (FTIR).

Vi. Thermo Gravitation Analyzer (TGA).

3.2  Methodology

There are several methods used to produces ligotosss from palm oil empty

Fruit bunch. The overall methods can divided imwarfsections:

3.21 Preparation Sample of Palm Oil Empty Fruit Bunch

The sample will collect in plastic bags and starethe cold room at 4°C- 8°C
for one day. After that the sample was washed wdter to make sure it free from dust
and any contaminate particles. For the next stepsdmple was dried in an oven at
temperature 10€ until constant weight will obtained. The sampfepalm oil empty
fruit bunch will cut into small size. The samplellvidlended to get the small particle
range of 4pm until 100Qum. This process was shown in the flow chart asobell
(Najafpour et al. 2007)



Sample collected and stored in cold roonf&-8

Figure 3.2 The sampling process.

|

The EFB washed to make sure dust-

Figure 3.3 The cleaning process.

|

Dried in an oven at 108 until constant weight
obtained.
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Figure 3.4 The drying process.

l

Cut EFB into small size.

Blended sample to make the samg
size of 20@m-100Qum
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Sample has been sieve.

Figure 3.5 The process flow of sample preparation.
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3.2.2 Treatment Process of Palm Oil Empty Fruit Bunch

Firstly, the process of pretreatment with sodiurdrbyide at 0.5 M was done to
the sample. The main reason of pretreatment proise$s break down the lignin
bonding between the lignocelluloses. In this stbp, sample was immersed into the
solution of sodium hydroxide for the two hour amfeerature 30°C until 70°C. The

stirring hot plate was used in order to maintamtémperature at this range.

Figure 3.6 Alkaline treatment

Secondly, the sample was done to the process atirtemt with Hydrochloric
Acid. Hydrochloric Acid was used in order to neliga the sample and also to remove
the black liquor after alkaline treatment. The sknwas immersed into the solvent of
hydrochloric acid about 2 hour at temperature 8%°C. After that, Sample was wash
with distilled water until pH become neutral.



22

Figure 3.7 Acid treatment.

Finally, the sample was dried at room temperaton@ake sure all the moisture
removed and lignocellulose was produces. The samifilgo to the analyze process in

order to determine the characteristic of lignodeBes produced.

Figure 3.8 Lignocelluloses.
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3.3 Yidd of Lignocelluloses Deter mination

Results was obtained by measured the yield peafdignocelluloses. In order
to find the yield percent of lignocelluloses protioc, we should take the weight of
sample before and after treatment was done. Alftat; the percent of lignocelluloses

degradation was illustrated in equation (1) (Missbal. 2009).

Yield of lignocelluloses -Wlw:l”z x100

Where W1 and W2 represent the weight of filler befand after treatment

process.

34  Lignocdluloses Characterization

There are several analysis for characterize thedglluloses which are using
Morphological Analysis by Scanning Electron Micrope (SEM), Fourier Transform
Infrared (FTIR) and Thermo Gravitation Analyzer (AG

3.4.1 Scanning Electron Microscope (SEM)

Scanning Electron Microscope (SEM) was used toyaedl the morphological
structure of the treated lignocelluloses (Rozmaal.€2000). This process was done at
the FKM Laboratory. The SEM analyze was done basethe selected sample only.
According to the yield percent, the sample withimpim and minimum vyield was

analyzed by using SEM.

The small amount of sample of lignocelluloses watsgm the aluminum plates.

Double side tape was used in order to hold the Eamfter that, the sample will put
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into the SEM analyze. Result of the morphologidaliccure of sample will appears

according to the sample condition.

Based on the sample of lignocelluloses the resa#t appears within 20 minute.
The result of the SEM analyze for lignocellulosessvelear, it is because the sample

totally dried.

Figure 3.9 Scanning Electron Microscope (SEM)
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3.4.2 Fourier Transform Infrared (FTIR)

Fourier Transform Infrared (FTIR) was used to apalthe functional group of
the sample (Rozman et al. 2002). Before start tiadyais of sample, we must to make
sure there are no remaining sample on the alumiplate and washed the plate by

using ethanol.

The small amount of sample was put on the platéerAhat, the plate was
places into the FTIR to analyze. The start bottoithwas press when the item ready
was appears on the computer screen. In the fewtesinthe result form of graph was

appeared on the screen.

Figure 3.10 Fourier Transform Infrared SpectroscdpyiR)
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3.34 Thermo Gravitation Analyzer (TGA)

Thermo Gravitation Analyzer (TGA) was used to amalythe degradation
characteristic of the sample of lignocellulose®ratteatment process was done. The
small amount of sample of lignocelluloses was pt ithe pin. After that, the higher

temperature for the experiment was setup to 600°C.

Figure 3.11 Thermo Gravitation Analyzer (TGA)



CHAPTER 4

RESULTSAND DISCUSSION

41  TheEffect of Szeon LignocellulosesYield

In this experiment, we are obtained the effect iné snto the production of
lignocelluloses. The sample size of palm oil enfpiyt bunch was variable which is 45,
160, 400, 500 and 8Qfn. The sieve shaker was used as equipment to fiedsize
distribution for the sample. There are the expenincenditions Ca, NAOH = 0.5M, Ca,
HCL = 0.5M, Temperature = 45°C and Weight of sanhgfore experiment = 2gm.

Yield of LignocellulosesVs Size of Sample

0 O
o O

1N
o

% Yied of
Lignoc;glluloses
o

N
o

o

0 200 400 600 800 1000
Size (um)

Figure 4.1 The Effect of Size on Lignocelluloseg|di
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From the data table, the result of experiment viastiated into the graph.
According to graph the optimum size of sample wiad5am. At the size of sample
45um the production of lignocelluloses was high. Isweause by the more surface area

of the sample will exposes to the reaction.

The reaction of alkaline and acid to the samplé bviéak down the structure of
fiber. Because of that, the more surface area geavfor the reaction will produce the
best result to the production of lignocelluloseszRan et al. (2001) was investigated,
on his conclusion the surface area of sample was afnmportant factor effect to
reaction.

4.2  TheEffect of Concentration on Lignocelluloses Yield

The second parameter that measured in this studyonisentration. In this
experiment, we want to obtain the effect of coneditn of acid hydrochloric into the
production of lignocelluloses. Various concentrnasiowere used in this experiment
which is 0.3, 0.4, 0.5, 0.6 and 0.7. These areettperiment conditions Ca, NAOH =
0.5M, Size of sample = 16fn, Temperature = 45°C, Weight of sample before and

experiment = 2gm
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Yield of LignocelulosesVsAcid Concetration
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Figure 4.2 The Effect of Concentration on Lignogkelses Yield

This result was showed the experiment effect oteatration. The high of acid
concentration can improved the reaction rate it d@se by Najafpour et al. (2007). It
was proved that, the concentration is one more itapbfactor affected to the strength

of EFB-PU composites.

Increasing acid concentration significantly willpnove the lignin degradation
ability when temperatures are constant that wasdietuby Mission et al (2009).
According to the graph we can find the optimum amdcentration for this experiment
at 0.7M. The graph also had shown when the acider@mation increase the yield
percent will increase. At the concentration of &igM the result of yield will decrease
drastically. Increasing the concentration of reaictaill increase the frequency of

collisions between the two reactants and causeettion occurred faster.
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4.3  Theeffect of Temperatureon Lignocelluloses Yield

The third parameter that measured in this studp@ut the temperate condition
of the experiments. The effect of temperature ad kagdrolysis was done by Najafpour
et al. (2007). It was finding, the possibility bfnin component to decomposed at
temperature greater than 55°C.

This experiment was run with the temperature r&8@f€ until 70°C. These are
the experiment conditions Ca, NAOH = 0.5M, Ca, HEQ.5M

Size of sample = 160n, Weight of sample before experiment = 2gm

Yield Percent Vs Temperature

50
45
40
35
30
25
20
15
10

% Yield

0 10 20 30 40 50 60 70 80

Temperature (°C)

Figure 4.3 The effect of Temperature on Lignocekels Yield
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This graph was shown the experiment of effect ahperature into the
production of lignocelluloses. According to the mgtawe find that, when the
temperature condition of the experiment increakesyteld percent also increase. So,

optimum temperature for the production of lignoglelses was at 70°C.

The increasing of lignocelluloses production waspprtional with to the
temperature that was proved by (Najafpour et al7200was shown temperature one of
the factor to improved the rate of reaction. A®m@perature increase the molecules of
acid get more kinetic energy, as a result the aanagon occur at a greater rate and

effectively.

44  Optimum Size of POEFB Sample

After all the three experiment of parameter sizesaple, concentration and
temperate was done. We were found the optimum tondiin production of
lignocelluloses. The optimum condition was sizesafmple at 4pm, concentration was
0.7M and temperature at 70°C.

The experiment was repeated by using the optimwa sf sample which is
45um. The two parameters that were done oprmd5of sample which is effect of

temperature and concentration.
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4.4.1 The Temperature Effect on 45um of POEFB

In this experiment, the optimum sample sizegm5vas used to obtain the effect
of temperature. Based on the optimum size of santpieay give the best and high

yield percent result.

The all optimum condition was used in this expenmeThese are the
experiment conditions Ca, NAOH = 0.5M, Ca, HCL ¥N.and Weight of sample

before experiment = 2gm.

Yield Percent VS Temperature
86
84
82
80
78
76
74

% Yield

0 10 20 30 40 50 60 70 80

Temperature (°C)

Figure 4.4 The Temperature Effect oru#bof POEFB.

This graph was shown the result for optimum sizgmbvith all the experiment
condition at optimum. From the graph we can finé thigh yield percent was at
temperature 30°C. The lowest yield percent produged at temperature at 70°C.
According to the graph it also had shown the desingaof yield percent when the

temperature was increase.
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4.4.2 The Concentration Effect on 45um of POEFB

The repeated experiment also was done on the effexincentration. We want
to find the effect of concentration to the optimwsize of sample 48Bn. In this

experiment, we can identify how far the concentratvill effect to the yield percent.

The all optimum condition was used in this expenmmeThese are the
experiment conditions Ca, NAOH = 0.5M, Temperateré80°C, Size of sample =

160um and Weight of sample before experiment = 2gm.

Yield Percent Vs Concentration
100
80
= 60 /
0
> 40
S 20
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Concentration (M)

Figure 4.5 The Concentration onub of POEFB.

According to the graph we can find the yield petegas increase when the
concentration of acid increase. The yield perctart 0 constant at the concentration
0.6M.
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45  Analysisof Lignocelluloses

There are several methods for characterize th@digltuloses which are using
Morphological Analysis by Scanning Electron Micrope (SEM), Fourier Transform
Infrared (FTIR) and Thermo Gravitation Analyzer (AG

45.1 Thermo Gravimetric Analyzer (TGA)

Degradation characteristic of lignocelluloses watednined using TGA. That
have been studied by Alvarez et al. (2004).Fromarégd.5 and 4.6 we can found the
degradation rate of lignocelluloses was increaservthe temperature increases. Figure
4.5 was proved that more stable structure will ddgrat higher temperature. It was

compared with the figure 4.6 which is degradatmtalty occur at temperature 4.

From figure 4.5 the first weight loss was startédesnperature 41.28 and
99.17% weight percent. The lignocelluloses wereltyptdegraded at temperature about
30C°C. The increasing in temperature has a moderatigficial effect on the flexure

strength of the lignocelluloses it was investigatgdilvarez et al 2004.
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Figure 4.6 Result for the TGA analyze at sample sizi5um.

The result for TGA analyzed for sample size @60was shown by the figure
4.6. According to the figure we can found the terapee for the lignocelluloses started
to degrade was at 120. At the maximum temperature of @ there are still have the
small weight percent which is 13%. It means thadigelluloses not completely degrade
at temperature 50C. The range of temperature should be expendediar ¢o find the
possible temperature to totally degrade for lighloteses 16@m. There we can see the
largest particle size of sample need more energyremkdown the bonding of
lignocelluloses structure.
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45.2 Fourier Transform Infrared (FTIR)

FTIR was used in order to find the functional gmuponsist for the
lignocelluloses. From figure 4.7 it was resulted three functional groups consist in
these lignocelluloses. It can been seen that ta& pe approximately 431chmshown
the group of N(GHs)4. The lignocelluloses sample also showed an ineraasorption
in the C-C=C group at peak of 1645¢tnThere are consist of O-H group, it was the
same result that have done by Rozman et al (2002) hydroxyl group was shown the
lignocelluloses material would have swelled thd eell and subsequently exposed
lignocellulosic.
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Figure 4.8 Result for the FTIR analyzes.
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4.5.3 Scanning Electron Microscope (SEM)

Result for the lignocelluloses analyze using SEMs whown in the figure 4.8
and 4.9. The figure 4 was illustrated the bettefase of lignocelluloses and no fiber
breakage. It was compared with the figure 4.9, fsugery poor surface and resulted
fiber breakage. This was clearly shown that eféectignocelluloses structure has

occurred at sample size of 160.

The SEM analyze was used by Satyanarayana et0fl9)2o find the synthesis
of polymer composites containing lignocellulosibeis will often result in fibers
physically dispersed in the polymeric matrix. Thexre compare the surface of
lignocelluloses treated and no treated in the nigjmf cases, poor adhesion and
consequently poor mechanical properties resultcelesurface treatment of the fibers is

essential.

lignocellulose EHT = 8.00 kv Signal A = SE1 Date :3 Mar 2010
Mag = 512X | Probe = 100 pA WD =10.0 Time :11:10:46

Figure 4.9 Result for the SEM analyze on 1i®0sample size.
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This result of SEM analyze was shown the morpho#dgstructure for the
sample size of 48n. According to the figure 4.9 we can find the stame of

lignocelluloses was breakage and was resulted peoy surface of lignocelluloses. It
may cause by decreasing the size of sample POESiBted the lowest strength of
particle. Mission et al 2009 was studies the prtidacof lignocelluloses using

hydrogen peroxide and sodium hydroxide was conduttere are the effective
chemical pretreatment to degrade lignin in EFB.

lignocellulose 45 EHT = 8.00 k¥ Signal A = SE1 Date 3 Mar 2010
Mag = 1.00 KX | Probe = 50 pA WD = 8.5 mm Time :11:25:27

Figure 4.0 Result for the SEM analyze onud sample size.



CHAPTERS

CONCLUSION & RECOMMENDATIONS

51 Conclusion

Lignocelluloses can be produced from palm oil enfpiyt bunch using Alkali
and Acid method effectively. The effectively of thmethod was proved by the
experiment result of lignocelluloses productionodiction of lignocelluloses from
POEFB has feasibility for value added product. Tésult for effect of temperature,
size and acid concentration was determined from tbsearch. Highest temperature
70°C was improved the yield of lignocelluloses. Besadethat, the smallest size of
POEFB was resulted high yield of lignocellulosesduces that was 80%. The lowest
concentration was decrease the vyield of lignocedkes production that was 40%.
Characteristic of lignocelluloses was found usingM$ TGA and FTIR. The
morphological structure of lignocelluloses has baralyzing using SEM. The biggest
sample of POEFB was resulted no breakage and Isettiace lignocelluloses produces.
More stable structure was degrade at higher temyerghat was resulted from TGA
analyze. There are three functional groups consighis lignocelluloses that were
N(C,Hs)4, C-C=C and O-H. For the conclusion, from objectikiat was stated at the
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beginning of this a research has been archivedessfidly. All the parameter that

involved in the objective was observe with cleanhderstanding.

52 Recommendations

There are several recommendations that have focecatding o this research in
order to get better result for the future. The salvef other process condition can be
exploded such as pH and etc. The temperature rhare 20C could be expended to
find the precisely optimum effect of temperaturelignocelluloses production. It also
has big potential to reuse of POEFB in Malaysiaer€hare strongly supported by the

available of raw material POEFB as a waste.



42

REFERENCES

Vi.

Vil.

viii.

Alam, M.Z., Mamun, A.A., Qudsieh, LY., Muyibi, S.ASalleh, H.M. and
Omar, N.M. (2009). Solid State Bioconversion of &lhlm Empty Fruit
Bunches for Cellulose Enzyme Production Using aaRoDrum Bioreactor.
Journal of Biochemical Engineering, Vol 46 pp.61-64.

Alvarez, P., Blanco, C., Santamari’a, R. and Grandih (2004).
Lignocellulose/Pitch Based Compositdsurnal of Composites: Part A vol 36
pp.649-657.

Digabel, F.L. and Ave’rous, L. (2006). Effects lafnin Content on The
Properties of Lignocellulose-Based Biocomposit&sirnal of Carbohydrate
Polymers, Vol 66 pp.537-545.

Howard, R.L., Abotsi, E., Rensburg, E.L, and Howar8. (2003).
Lignocellulose Biotechnology: Issues of Bioconvensand Enzyme Production.
African Journal of Biotechnology Vol. 2 (12) pp. 602-619.

John, M. J. and Thomas, S. (2008). Biofibres anoc&npositesJournal of
Carbohydrate Polymers. Vol 71 pp.343-364.

Misson, M., Haron, R., Kamaroddin, M.F.A. and Amih.A.S. (2009).
Pretreatment of Empty Palm Fruit Bunch for Productof Chemicals Via
Catalytic Pyrolysis.Journal of Bioresource Technology, Vol 100 pp. 2867—
2873.

Mosier, N., Wyman, C., Dale, B., Elander, R., L¥eY., Holtzapple, M. and
Ladisch, M. (2005). Features of promising techn@sgfor pretreatment of
lignocellulosic biomassJournal of Bioresource Technology, Volume 96 pp
673-686.

Najafpour, G., Ideri, A., Sadegh, S. and Norouzi,(B007). Acid Hydrolysis of
Pretreated Palm Oil Lignocellulosic Wasfieurnal of Biotechnology. Vol. 20
pp.147-155.

Ray, D., Sarkar, B. K., Rana, A. K. and Bose, N(#01). The mechanical

properties of vinylester resin matrix compositemfarced with alkali-treated



Xi.

Xii.

Xiii.

Xiv.

XV.

43

jute fibres. Journal ofApplied Science and Manufacturing, Volume 32 pp 119-
127.

Rebecca, A.S., Ye-Chen, Ratna, R.S.S., Michael,,ud Jason, O. (2007). A
comparison of chemical pretreatment methods foravipng saccharification of
cotton stalksJournal of Bioresource Technology, Volume 98 pp 3000-3011.
Rozman H.D., Saad, M.J. and Mohd Ishak, Z.A. B0&lexural and Impact
Properties of Oil Palm Empty Fruit Bunch (EFB)—-Rwlypylene Composites—
The Effect of Maleic Anhydride Chemical Modificatioof EFB. Journal of
Polymer Testing, Vol 22 pp.335-341.

Rozman, H.D., Tay, G.S., Abubakar, A. and KumanN.R(2001). Tensile
Properties of Oil Palm Empty Fruit Bunch-Polyurete@ompositeslournal of
European Polymer, Vol 37 pp.1759-1765.

Satyanarayana, k.G., Arizaga, G.G.C. and Wypych(2609). Biodegradable
Composites Based on Lignocellulosic Fibers—An Oiew Journal of
Progressin Polymer Science, Vol 34 pp. 982-1021.

Shawkataly, A.K., and Rozman, H.D. (2004%entian dan Komposit
Lignoselulosik. Publish by Universiti Sains Malaysia, Pulau Poan

Shuit, S.H., Tan, K.T., Lee K.T. and Kamaruddin,HA.(2009). Oil Palm
Biomass as a Sustainable Energy Source: A MalaySase StudyJournal of
Energy, Vol 34 pp.1225-1235.



