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ABSTRACT

Biofuel is defined as fuel produced from derivation of vegetable oils and
specifically, biopetrol is defined as fuel which has the same characteristic with the
petrol, but is produced from palmitic acid that is dominated in palm oil where the
conversion of palmitic acid is done to get the molecular formula and structure of
isooctane. Due to depletion of fossil fuel, environmental issues, and rising of petrol
price, biopetrol can be the alternative fuel to the fossil fuel. Catalytic cracking method is
conducted in this research due to the low vyields from thermal cracking method.
Futhermore, Malaysia is plenty with palm oil which palmitic acid is dominated in palm
oil composition. In recent years, there have been several other studies on the production
of hydrocarbons from palm oil mainly bio-gasoline (biopetrol) which have been carried
out using cracking catalysts. Zeolites have shown excellent performance as solid acid
cracking catalysts due to their higher selectivity. Many researcher have studied that
catalytic cracking method will produce much higher yields than thermal cracking
method. Through catalytic cracking process, palmitic acid is catalytic cracked with 4
different amount of catalyst — 1g, 5g, 10g, and 20g. The distillated product is diluted
with 4 different dilution mixture solution — 1%, 5%, 10%, and 20%. All the product
samples are analyzed with Gas Chromatographer (GC). The isooctane concentrations
are increased when the amount of catalysts are increased, but not obviously. The lowest
percentage concentration of isooctane obtained is 9.1822 % and the highest percentage
concentration of isooctane obtained is 20.7210 %. These yields are much higher than
the yields produced from thermal cracking method which is 3% to 5 %. It showed that
the catalytic cracking method will produce much higher yields for biopetrol synthesized
compared to thermal cracking method. This experiment should be conducted in dynamic

state to optimize the yields.



ABSTRAK

Biofuel didefinisikan sebagai bahan api yang dihasilkan daripada terbitan oleh
minyak sayuran. Secara spesifiknya biopetrol didefinisikan sebagai bahan api yang
mempunyai sifat yang sama dengan petrol tetapi ia dihasilkan daripada asid palmitik di
mana komposisinya banyak terdapat pada minyak sawit. Pertukaran asid palmitik
dilakukan dengan mendapat formula molekul dan struktur isooktana. Oleh kerana
sumber bahan api fosil yang semakin kurang, isu alam sekitar, kenaikan harga petrol,
biopetrol bolen menjadi bahan api alternatif kepada bahan api fosil. Kaedah
penghuraian berkatalis digunakan dalam kajian ini disebabkan hasil yang dijana daripada
kaedah penghuraian haba adalah rendah. Tambahan pula Malaysia kaya dengan sumber
minyak sawit di mana asid palmitik mendominasi komposisi di dalamnya. Dewasa kKini,
terdapat kajian berkenaan penghasilan biopetrol daripada hidrokarbon minyak sawit.
Kajian dijalankan menggunakan penghuraian berkatalis. Katalis zeolite telah
menunjukkan hasil yang cemerlang sebagai katalis penghuraian asid pepejal kerana
kadar selektif/pemilihannya yang tinggi. Banyak penyelidik telah menemui bahawa
kaedah penghuraian berkatalis dapat menghasilkan produk yang lebih tinggi daripada
kaedah penghuraian haba. Semasa penghuraian berkatalis, asid palmitik dihuraikan
secara berkatalis dengan menggunakan 4 kandungan katalis yang berbeza — 1g, 5g, 10g,
dan 20 g. Hasil yang disulingkan dicairkan dengan menggunakan kepekatan yang
berbeza - 1%, 5%, 10%, dan 20%. Semua sampel produk dianalisis dengan
menggunakan Gas Chromatographer. Kepekatan isooktana yang dikehendaki akan
bertambah apabila kandungan katalis yang digunakan bertambah, tetapi tidak terlalu
jelas. Peratus kepekatan isooktana yang terendah didapati adalah 9.1822% manakala
yang tertinggi adalah 20.7210%. Penghasilan ini adalah lebih tinggi daripada hasil yang

diperolehi daripada penghuraian haba iaitu 3% - 5%. Ini menunjukkan kaedah



penghuraian berkatalis adalah lebih baik. Eksperimen ini patut dijalankan dalam

keadaan dinamik untuk mendapatkan hasil yang optimum.
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CHAPTER I

INTRODUCTION

1.1 Introduction

Generally, biofuel is defined as fuel produced from derivation of vegetable oils
and specifically, biopetrol is defined as fuel which has the same characteristic with the
petrol, but is produced from palmitic acid that is dominated in palm oil where the
conversion of palmitic acid is done to get the molecular formula and structure of

isooctane.

Biopetrol is produced to be the alternative fuel to the fossil fuel for vehicle-
engine purposes whether it is produce with the same performance to fossil fuel or with

unrivalled performances.

Due to its environmental merits, the share of biofuel in the automotive fuel
market will grow fast in the next decade. There are several reasons for biofuels to be
considered as relevant technologies by both developing and industrialized countries.
Biofuels include energy security reasons, environmental concerns, foreign exchange
savings, and socioeconomic issues related to the rural sector. The biofuel economy will
grow rapidly during the 21st century. Its economy development is based on agricultural

production and most people live in the rural areas.

Biodiesel is one of the biofuel. The application of existing biodiesel from palm

oil in motor vehicle has been proven to be successful. However, the biodiesel used is



limited for diesel-used vehicles only, so the same approach must be done for petrol-used

vehicles.

Biofuel produced from natural vegetable oil or fats can be used as transportation
fuel or fuel additive in the vehicles to reduce their emissions. Plant oils are attracting
increased attention in this respect (Bhatia et al., 2003). Plant oils are those oils that are
derived from plant resources such as palm oil. Realizing that palm oil is one of the
nation’s economic pillars and catalyst of rural development, Palm Oil Research Institute
of Malaysia (PORIM) has developed a process based on palm oil, as a substitute diesel
by converting it into methyl esters (biodiesel) by reaction with methanol and have
extensively tested as a substitute for diesel (Choo and Ma, 1996). Biodiesel is suitable
for diesel engines. The gasoline engines need bio-gasoline (biopetrol) to be produced
from palm oil. In recent years, there have been several other studies on the production
of hydrocarbons from palm oil mainly bio-gasoline (Twaiq et al., 1999; Yean-Sang,
2004) which have been carried out using cracking catalysts in a micro-reactor. Zeolites
have shown excellent performance as solid acid cracking catalysts due to their higher

selectivity (Leng et al., 1999).

Various catalysts are reported for cracking of triglycerides. The choice of the
catalyst plays an important role in the cracking of triglyceride. Since zeolites are
extremely active, therefore it has been tested extensively for catalytic cracking,
especially of vegetable oil by several researchers (Twaiq et al., 1999; Yean-Sang et al.,
2004).



1.2 Identification of Problem

1.2.1 Rising of Petrol Oil Prices

Years by years until now, the petrol oil have been spiralled in prices. It will
cause many domino effect in terms of goods and services cost and will interrupt the
global economic growth and stability. The highest crude oil price in ever history until
now that has been written on Jun 30, 2008 that is 143 US Dollar per barrel. This will
also increase all the petroleum-based product prices. Mostly affected are diesel and
petrol. Figure 1.1 shown the price of world crude oil from 1994 to March 2008 and
Figure 1.2 shown the petrol price in Malaysia from May 2004 to Jun 2008.

Oil Prices, 1994-March 2008
[NYMEX Light SwasiWTI)
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Figure 1.1: Price of World Crude Oil from 1994 to March 2008
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Figure 1.2: Petrol Price in Malaysia from May 2004 to Jun 2008

One of the major factors that caused this rising is the limitation of the fossil fuel
reserves and high demand for the petroleum-based product. Fossil fuel are non-
renewable energy resources because the formation fossil fuels will take millions of
years, and the fossil fuel reserves are being depleted much faster than new one being
formed. According to Malaysia’s situation, if Petroliam Nasional Malaysia Berhad
(PETRONAS) does not discover new fuel oil reserve, the Malaysia oil reserve will end

around 20 until 22 years later and fully become net importer petroleum country.

Due to the rising of the development growth around the world, the demand of
petroleum-based product was increased especially gasoline (greatest demand of gasoline
caused over 50% of the crude oil be converted into it). The drastic economic growth
from the India and China will effect one of the major petroleum limited supply
according to the recent global situation. Worldwide energy demand, driven by the

population growth and industrialization of the developing world, will expand by 40% in



the next 20 years. This will occure the unbalance of demand and supply. The helps to
monitar increasing fuels’ prices were reports that petroleum production is at (Deffeyes
Kenneth S, 2007) or near full capacity (Gold Russell and Davis Ann, 2007). Global
consumption of oil rose from 30 billion barrels (4.8x10° m®) in 2004 to 31 billion in
2005 (Wikipedia, 2008).

Many series of unstable geopolitical issues and war around the world. These
including, the collapsing of World Trade Centre (WTC) on US on September 11, 2001;
the war in Iraq; the crisis between Israel and Lebanon; the nuclear brinkmanship
between US and Iran and other unstable geopolitical issues. It is not refused also that the
rising of oil prices is due to the speculative activities from someone party(s) (Hassan
Marican, 2008).

1.2.2 Environmental Issue

Gasoline is one of the sources of pollutant gases. Gasoline produces carbon
dioxide, nitrogen oxides, and carbon monoxide in the exhaust of the engine which is
running on it. Carbon emissions have been increasing ever since the industrial
revolution. Today, the atmosphere contains about 380 parts per million of carbon
dioxide and still increases by approximately two parts per million annually. During this
time frame, the global average temperature has risen by more than 1°F since carbon
dioxide traps heat near the Earth’s surface (Wikipedia, 2008). Our Earth will be faced
with an enormous rise in sea level due to the melting of Greenland and West Antarctic
ice sheets and icebergs. Furthermore, unburnt gasoline and evaporation from the tank,

when in the atmosphere, react in sunlight to produce photochemical smog.



1.2.3 Low Yields from Thermal Cracking Method

The related previous research has been done to produce biopetrol from palmitic

acid using thermal cracking method. But they does not produce much of biopetrol

quantity which yields just around 3 to 5 percents (Zariyati, 2008).

1.3

1.4

Objectives

To improve the concentration of isooctane produced from palmitic acid by
using catalytic cracking method.
To compare the yields of isooctane produced using catalytic cracking method

with the thermal cracking method.

Scopes of Study

To describe the molecular arrangements of the substances in cracking process.
To understand the catalytic cracking and distillation process.

To apply the catalytic cracking process.

To determine the isooctane composition using Gas Chromatography after

palmitic acid is catalytic cracked.



1.5 Rationale and Significance

The problems stated in section 1.1 above have led to an intensified search for
viable alternative sources of energy global. This research can be resolved the problem —
produce biopetrol from palmitic acid using catalytic cracking method. Biopetrol can be
alternative choice to the petrol from the fossil fuel. So, the depending on petroleum uses
can be reduced. It might be wise for Malaysia to adopt an implement the use of
renewable fuel resources. In this case, Malaysia exploits further utilization of its crude
palm oil in automotive sector through research and development by authorities related
with palm oil industry. The result is the engine oil and biodiesel. Today, the biodiesel
production from palm oil in Malaysia has been established, industrialized in big scale
and commercialized to Europe (Yusof B, 2006). However, the biodiesel used is limited
for diesel-used vehicles only, so the same approach must be done for petrol-used

vehicles by biopetrol.

Malaysia currently accounts for 51 % of world palm oil production and 62% of
world exports, and therefore also for 8% and 22% of the world's total production and
exports of oils and fats. As the biggest producer and exporter of palm oil and palm oil
products, Malaysia has an important role to play in fulfilling the growing global need for
oils and fats in general (aseansources.com, 2008). So, Malaysia has big opportunity to
produce biopetrol from palmitic acid because it has enough resources to produce in large
scale. Palm oil could become the top choice of biofuel producers because world have

plenty of palm oil. Below is the oil palm data versus other oilseed crops in the world.

Biopetrol is an environmentally friendly alternative liquid fuel. There has been
renewed interest in the use of vegetable oils for making biopetrol due to its less polluting
and renewable nature as against the conventional petroleum diesel fuel. The biggest
difference between biofuels and petroleum feedstocks is oxygen content. Biofuels have
oxygen levels from 10% to 45% while petroleum has essentially none making the
chemical properties of biofuels very different from petroleum. All have very low sulfur

levels and many have low nitrogen levels (Trabzon, 2007). The CO, reduction potential



of biofuels is enormous in comparison with fossil fuels. Renowned institutes such as,
for example, the Institute for Energy and Environmental Research, Germany, have
formulated clear statements on CO; reduction via biofuels. Taking into account all the
energy expended in the cultivation, transport and processing of biodiesel, this reduction
resulting from replacing a single litre of diesel with biodiesel amounts to 2.2 kg CO;
(Biopetrol Forum, 2007). So the same effect to the biopetrol compared to the biodiesel.
Biopetrol could be an answer to the future air emission control. Biopetrol also is the
renewable energy based, which is not only environment friendly, but also economic to
produce.

o Qil Palm
Average Oil Yield y 362

(t/hal/year)

sunfl Rapeseed
unflower
Soybean 0.46 0.68

0.40

= 5 Hd

Oil Crop Production | % of Total |Average Oil Yield | Total Area %

(mil tonnes) | Production (t/ha/year) (mil ha) Area
Soybean 37.48 31.91 0.40 94.15 42.52
Sunflower 11.00 9.36 0.46 23.91 10.80
Rapeseed 18.52 15.77 0.68 27.22 12.29
Oil Palm 38.16° 32.48 3.62 10.55 4.76
TOTAL® 117.47 221.45

Note: #only for palm oil
Sonly for the 7 major oils (groundnut. coconut, cottonseed and the above oils)

Source: Oil World Dec 2007

Figure 1.3: Oil Palm versus Other Oilseed Crops

Since using thermal cracking method is not producing much yields of biopetrol,
so the catalytic cracking method is carried on to produce more yields of biopetrol. This

method is more effective.



CHAPTER 11

LITERATURE REVIEW

2.1 Gasoline Fuel

2.1.1 General

Gasoline or commonly called petrol is a complex mixture of over 500
hydrocarbons that may have between 5 to 12 carbons per molecule. It is a petroleum-
derived liquid mixture consisting mostly of aliphatic hydrocarbons. Virtually no alkenes
or alkynes are present in gasoline. Gasoline is most often produced by the fractional
distillation of crude oil. The crude oil is separated into fractions according to different
boiling points of hydrocarbons of varying chain lengths. This fractional distillation

process yields approximately 25% of straight-run gasoline from each barrel of crude oil.

Table 2.1: Typical Composition of Gasoline

General Name Examples Percentage
Aliphatic - straight chain | heptane
_ : 30-50
Aliphatic - branched isooctane
Aliphatic - cyclic cyclopentane
p Y yclop 90-30

Aromatic ethyl benzene
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Gasoline also enhanced with iso-octane or the aromatic hydrocarbons toluene
and benzene to increase its octane rating, and is primarily used as fuel in internal

combustion engines.

2.1.2 Octane Rating

The octane rating of a spark ignition engine fuel is the knock resistance (anti-
knock rating) compared to a mixture of iso-octane (2,2,4-trimethylpentane, an isomer of
octane) and n-heptane. By definition, iso-octane is assigned an octane rating of 100 and
heptane is assigned an octane rating of zero. An 87-octane gasoline, for example,
possesses the same anti-knock rating of a mixture of 87% (by volume) iso-octane and
13% (by volume) n-heptane. This does not mean, however, that the gasoline actually
contains these hydrocarbons in these proportions. It simply means that it has the same

autoignition resistance as the described mixture.

A high tendency to auto-ignite, or low octane rating, is undesirable in a spark
ignition engine but desirable in a diesel engine. The standard for the combustion quality
of diesel fuel is the cetane number. A diesel fuel with a high cetane number has a high

tendency to auto-ignite, as is preferred.

It should be noted that octane rating does not relate to the energy content of the
fuel, nor the speed at which the flame initiated by the spark plug propagates across the
cylinder. It is only a measure of the fuel's resistance to auto-ignition. It is for this reason
that one highly branched form, or isomer, of octane (2,2,4-trimethylpentane) has (by
definition) an octane rating of 100, whereas n-octane, which has a linear arrangement of
the 8 carbon atoms, has an octane rating of -10, even though the two fuels have exactly

the same chemical formula and virtually identical heating values and flame speeds.
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Figure 2.1: Octane number of isooctane and heptane

2.1.3 Other Major Products of Oil Refineries

Most products of oil processing are usually grouped into three categories: light
distillates (liquid petroleum gas (LPG), gasoline, naphtha), middle distillates (kerosene,
diesel), heavy distillates and residuum (fuel oil, lubricating oils, wax, tar). This

classification is based on the way crude oil is distilled and separated into fractions as

above;
e LPG
e Naphtha
« Kerosene and related jet aircraft fuels
o Diesel fuel
e Fuel oils

e Lubricating oils
o Paraffin wax

e Asphaltand Tar
o Petroleum coke
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2.1.4 Conversion Oil Refining

Although all fractions of petroleum find uses, the greatest demand is for gasoline.
One barrel of crude petroleum contains only 30%-40% gasoline. Transportation
demands require that over 50% of the crude oil be converted into gasoline. To meet this
demand some petroleum fractions must be converted to gasoline. The chief conversion
methods include (1) catalytic cracking, (2) thermal cracking, (3) Hydroprocessing, (4)
alkylation, (5) Catalytic Reforming, and (6) Hydrogenation.

2.1.4.1 Catalytic Cracking

Catalytic cracking is a breaking down large molecules of heavy heating oil into

smaller gasoline molecules.

The most widely used conversion method is called catalytic cracking because it
uses heat and pressure to "crack" heavy hydrocarbon molecules into lighter ones. The
cracking reaction is very endothermic, and requires a large amount of heat. Another
problem is that reaction quickly fouls the Silica (SiO,) and alumina (Al,O3) catalyst by

forming coke on its surface.

For example if eicosane (C-20) is heated to about 500 C the covalent carbon-
carbon bonds begin to break during the cracking process. Many kinds of compounds
including alkenes are made during the cracking process. Alkenes are formed because
there are not enough hydrogens to saturate all bonding positions after the carbon-carbon

bonds are broken.
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2.1.4.2 Thermal Cracking

Thermal cracking is the application of steady heat and pressure to crack (break
down) heavier hydrocarbons into lighter ones such as gasoline. The first thermal
cracking method was called the Burton process, after its inventor, William M. Burton.
The oil industry first used it in 1913. The thermal cracking process increases the
quantity and quality of gasoline obtained from crude oil. Gasoline produced by this
process has a higher octane number than gasoline made by straight distillation. The
octane number is a measure of the tendency of fuels to knock, or ping, when used in
high-compression, internal-combustion engines such as those in automobiles. The higher

the octane number, the knocking occurrence is less.

2.1.4.3 Hydroprocessing

Hydroprocessing applies the same principles but uses a different catalyst, slightly
lower temperatures, much greater pressure and hydrogen to obtain chemical reactions of
breaking down large molecules of heavy heating oil into smaller gasoline molecules. It

also converts aromatics to cyclic alkanes, olefins to alkanes.

Hydroprocessing first involves the addition of hydrogen atoms to molecules
without actually breaking the molecule into smaller pieces at temperatures of about 325
degrees Celsius and pressures of about 50 atmospheres. Many catalysts will work,
including; nickel, palladium, platinum, cobalt, and iron. Then hydrocracking breaks
longer molecules into smaller ones at temperatures over 350 degrees Celsius and
pressures up to 200 atmospheres. In both cases, very long residence times (about an

hour) are required because of the slow nature of the reactions.
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2.1.4.4 Alkylation

Alkylation or "polymerization” is a forming longer molecule from smaller ones.
Another process is isomerization where straight chain molecules are made into higher

octane-branched molecules.

The reaction requires an acid catalyst (sulfuric acid, H,SO, or hydrofluoric acid,
HF) at low temperatures (1-40 degrees Celsius) and low pressures (1-10 atmospheres).

The acid composition is usually kept at about 50% making the mixture very corrosive.

2.1.4.5 Catalytic Reforming

Catalytic reforming uses heat, moderate pressure and fixed bed catalysts to turn
naphtha, short carbon chain molecule fraction, into high-octane gasoline components -
mainly aromatics. Because the reactions which produce higher octane compounds
(aliphatic in this case) are endothermic (absorb heat) additional heaters are installed
between reactors to keep the reactants at the proper temperature. The catalyst is a

platinum (Pt) metal on an alumina (Al,O3) base.

2.1.4.6 Hydrogenation

Hydrogenation is another way to obtain more useful products from crude oil.
During the cracking process, refineries add hydrogen (H) to heavier fractions, such as
gas oil or fuel oil. The heavier fractions contain fewer hydrocarbons than do the lighter

fractions. The addition of hydrogen makes heavier fractions lighter.
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2.2 Biofuel

2.2.1 What is the Biofuel

Also known as agrofuel, these fuels are mainly derived from biomass or bio
waste. This distinguishes it from fossil fuels, which are derived from long dead
biological material. Biofuel can be theoretically produced from any (biological) carbon
source, though the most common by far is photosynthetic plants. Many different plants
and plant-derived materials are used for biofuel manufacture. These fuels can be used
for any purposes, but the main use for which they have to be brought is in the
transportation sector. Most of the vehicles require fuels which provide high power and
are dense so that storage is easier. These engines require fuels that are clean and are in

the liquid form.

The most important advantage of using liquid as fuel is that they can be easily
pumped and can also be handled easily. This is the main reason why almost all the
vehicles use liquid form of fuels for combustion purpose. For other forms of non
transportation applications there are other alternative solid biomass fuel like wood.
These non transportation applications can bring into use these solid biomass fuels as they
can easily bear the low power density of external combustion. Wood has been brought

into use since a very long period and is one of the major contributors of global warming.

2.2.2 Producing Biofuel

There are two common strategies of producing biofuels. One is to grow crops
high in either sugar (sugar cane, sugar beet, and sweet sorghum) or starch (corn/maize),
and then use yeast fermentation to produce ethyl alcohol (ethanol). The second is to
grow plants that contain high amounts of vegetable oil, such as oil palm, soybean, algae,

or jatropha.
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2.2.3 Type of Biofuel

2.2.3.1 Vegetable Oil and Biodiesel

Vegetable oil is used in several old diesel engines that have indirect injection
systems. This oil is also used to create biodiesel, which when mixed with conventional
diesel fuel is compatible for most diesel engines. Used vegetable oil is converted into
biodiesel. Sometimes, water and particulates are separated from the used vegetable oil
and then this is used as a fuel.

Its composition is just like mineral diesel. When biodiesel is mixed with mineral
diesel, the mixture can be used in any diesel engine. It is observed that in several
nations, the diesel engines under warranty are converted to 100% biodiesel use. It has
also been proved that most people can run their vehicles on biodiesel without any
problem. A large number of vehicle manufacturers recommend the use of 15% biodiesel
mixed with mineral diesel. In Europe, a 5% biodiesel blend is generally used at gas

stations.

2.2.3.2 Bioalcohol

Bioalcohols are biologically produced alcohols. Common among these are
ethanol and rare among these are propanol and butanol. Biobutanol can be used directly
in a gasoline engine and hence is considered a direct replacement for gasoline. The
butanol can be burned straight in the existing gasoline engines without any alteration to
the engine or car. It is also claimed that this butanol produces more energy. Also,
butanol has a less corrosive effect and is less soluble in water than ethanol.
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2.2.3.3 Bioethanol/Ethanol Fuel

Ethanol fuel is the most commonly used biofuel in the world and particularly in
Brazil. Ethanol can be put to use in petrol engines as a substitute for gasoline. Also, it
can be mixed with gasoline in any ratio. The contemporary automobile petrol engines
can work on mixtures of gasoline and ethanol that have 15% bioethanol. This mixture of
gasoline and ethanol has more quantity of octane. This indicates that the engine would
burn hotter and more efficiently. In high altitude spots, the mixture of gasoline and
ethanol is used as a winter oxidizer and thereby atmospheric pollution is decreased. The
Ethanol fuel has less British Thermal Unit energy content. Thus, to drive the same
distance, more fuel is required. Also ethanol has a corrosive effect on combustion

chambers, aluminum, rubber hoses and gaskets and fuel systems.

2.2.3.4 Biogas

Biogas is created when organic material is anaerobically digested by anaerobes.
During production, there is a solid byproduct called digestate. This can be used as a
biofuel or fertilizer. Biogas consists of methane. Landfill gas is created in landfills due
to natural anaerobic digestion and is a less clean form of biogas. Dried manure, charcoal

and wood are examples of solid biofuels.

2.2.3.5 Syngas

The combined processes of gasification, combustion and pyrolyis gives rise to
syngas which is a biofuel. This syngas can be directly burned in internal combustion
engines. Syngas can be used to create hydrogen and methanol. By using the Fischer-

Tropsch process, it can be transformed to a synthetic petroleum substitute.



18

2.2.3.6 Second and Third Generation Biofuels
Some second generation biofuels that are being developed are Fischer-Tropsch
diesel, bio-DME, DMF, biomethanol, biohydrogen, wood diesel, mixed alcohol and

biohydrogen diesel. Algae fuel is a third generation biofuel derived from algae. This is

also called as oilgae

2.3 Chemical

2.3.1 Palmitic Acid

rels
%
th/

Figure 2.2: Palmitic acid structure

OH

Figure 2.3: Skeleton structure of palmitic acid
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Other names Cetylic acid, hexadecylic acid,
hexadecanoic acid

Appearance White chips, crystal or powder

Molecular formula C16H3202

Molecular weight 256.42 g/mol

Melting point °C 61 — 64°C

Boiling point °C 352°C

Density 0.853 glcm® at 62 °C

Solubility Insoluble in water

Table 2.2 : Physical and chemical properties of palmitic acid

Figure 2.2 showed the 3 dimensional palmitic acid structure when Figure 2.3
showed the skeleton structure of palmitic acid. Palmitic acid is one of the most common
saturated fatty acids found in animals and plants. As its name indicates, it is a major
component of the oil from palm trees (palm oil and palm kernel oil). Palmitic acid is the
first fatty acid produced during lipogenesis (fatty acid synthesis) and from which longer
fatty acids can be produced. Palmitic acid is the first fatty acid produced during
lipogenesis (fatty acid synthesis) and from which longer fatty acids can be produced.
Fatty acids are a carboxylic acid with a long unbranched aliphatic tail (chain), which is
either saturated or unsaturated. Fatty acids derived from natural fats and oils may be
assumed to have at least 8 carbon atoms. Most of the natural fatty acids have an even
number of carbon atoms, because their biosynthesis involves acetyl-CoA, a coenzyme

carrying a two-carbon-atom group.

Saturated fatty acids do not contain any double bonds or other functional groups
along the chain. The term "saturated" refers to hydrogen, in that all carbons (apart from
the carboxylic acid [-COOH] group) contain as many hydrogens as possible. Saturated
fatty acids form straight chains and, as a result, can be packed together very tightly,
allowing living organisms to store chemical energy very densely. The fatty tissues of

animals contain large amounts of long-chain saturated fatty acids.
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Palmitic acid is the major component in the palm oil. Approximate concentration

of fatty acids (FAS) in palm oil is as follows;

Type of fatty acid Percents (%)
Palmitic, C16 44.3
Stearic, C18 4.6
Myristic, C14 1.0
Oleic, C18 38.7
Linoleic, C18 10.5
Other/Unknown 0.9

Table 2.3: Fatty acid content of palm oil

2.3.2 lIsooctane

H.C  CHs THS

3

C C
ch/ \ﬁ/ \H\CH

Figure 2.4: Structure of isooctane

2,2,4-Trimethylpentane, also known as isooctane, is an octane isomer which

defines the 100 point on the octane rating scale. It is an important component of
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gasoline. Isooctane is targeted as product of biopetrol because petrol itself is dominated
by isooctane, with small amount of heptane and a little presence of benzene. Isooctane
is derived through isomerization of octane with certain conditions and the presence of
catalyst, as performed in petroleum industries. The octane number used as petrol
production’s parameter to measure the tendency of petrol to auto-ignite and knock in
petrol-used engines. Since the petrol consists mixture of isooctane and heptane, so the
octane number is graded based on composition of both alkanes in petrol. The higher
octane number determined represents the higher composition of isooctane in petrol,
which gives low tendency to auto-ignite, little knock and smooth burning, which is

assigned as petrol with high quality

Table 2.4: Physical and chemical properties of isooctane

Synonyms Isobutyltrimethylpentane, 2,2,4-Trimethylpentane
Appearance colourless liquid

Molecular formula CgHjs or CH3C(CH3),CH,CH(CH3)CHs3
Molecular weight 114.22 g/mol

Melting point °C -107.38°C

Boiling point °C 99.3°C

Density 0.688 g/mi

Specific gravity 0.692

Solubility in water Immiscible

2.4  Cracking Method

Cracking is the name given to breaking up large hydrocarbon molecules into
smaller and more useful bits. This is achieved by using high pressures and temperatures

without a catalyst, or lower temperatures and pressures in the presence of a catalyst.
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The source of the large hydrocarbon molecules is often the naphtha fraction or
the gas oil fraction from the fractional distillation of crude oil (petroleum). These
fractions are obtained from the distillation process as liquids, but are re-vaporised before
cracking.

There isn't any single unique reaction happening in the cracker. The hydrocarbon
molecules are broken up in a fairly random way to produce mixtures of smaller
hydrocarbons, some of which have carbon-carbon double bonds. One possible reaction

involving the hydrocarbon CisH3, might be:

CigHzn ——  mw 2C2Hg4 + CszHg + CgHyg

ethene  propens  octane

Or, showing more clearly what happens to the various atoms and bonds:

"999990009000000:

l

b 88 63 deseses
N

ofice the double bonds formed.

Figure 2.5: Cracking mechanism

This is only one way in which this particular molecule might break up. The
ethene and propene are important materials for making plastics or producing other

organic chemicals. The octane is one of the molecules found in petrol (gasoline).
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2.4.1 Thermal Cracking Method

In thermal cracking, high temperatures (typically in the range of 450°C to 750°C)
and pressures (up to about 70 atmospheres) are used to break the large hydrocarbons into
smaller ones. Thermal cracking gives mixtures of products containing high proportions

of hydrocarbons with double bonds - alkenes.

Thermal cracking doesn't go via ionic intermediates like catalytic cracking.
Instead, carbon-carbon bonds are broken so that each carbon atom ends up with a single

electron. In other words, free radicals are formed.

thernal cracking

free radicals formed

Figure 2.6: Reactions of the free radicals lead to the various products

2.4.2 Catalytic Cracking

Modern cracking uses zeolites as the catalyst. These are complex
aluminosilicates, and are large lattices of aluminium, silicon and oxygen atoms carrying
a negative charge. They are, of course, associated with positive ions such as sodium

ions. You may have come across a zeolite if you know about ion exchange resins used
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in water softeners. The alkane is brought into contact with the catalyst at a temperature

of about 500°C and moderately low pressures.

The zeolites used in catalytic cracking are chosen to give high percentages of
hydrocarbons with between 5 and 10 carbon atoms - particularly useful for petrol
(gasoline). It also produces high proportions of branched alkanes and aromatic

hydrocarbons like benzene.

The zeolite catalyst has sites which can remove a hydrogen from an alkane
together with the two electrons which bound it to the carbon. That leaves the carbon
atom with a positive charge. lons like this are called carbonium ions (or carbocations).

Reorganisation of these leads to the various products of the reaction.

F:IDSIH'-.-'E 1an armed
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T
' _ .
Zeolite catalyst Zeolite catalyst
.

Figure 2.7 : Reaction of catalytic cracking using zeolite catalyst

2.4.3 Comparing of Catalytic Cracking and Thermal Cracking

M. Cooper and J.E. Shepherd (2002) have studied about thermal and catalytic
cracking of JP-10 for pulse detonation engine applications. They have examined the
decomposition of JP-10 through thermal and catalytic cracking mechanisms. The
average mole balances for the thermal tests and the HY catalytic cracking tests appear in

Figure 2.8 for a fuel flow rate of 2.3 g/hr (FP = 25) and Figure 2.9 for a fuel flow rate of
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10.6 g/hr (FP = 125). The mole balance increases from 1.11 to 1.70 at a flow rate of 2.3
g/hr and it increases from 1.02 to 1.51 at a flow rate of 10.6 g/hr when the catalyst is
installed in the reactor. From this studied, it showed that the catalytic cracking method

will produced much higher moles of products compared to thermal cracking method.
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Figure 2.8 : Average ratio of product moles to the injected moles for the thermal

cracking and catalytic cracking tests at a fuel flow rate of 2.3 g/hr (FP = 25)
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Figure 2.9 : Average ratio of product moles to the injected moles for the thermal

cracking and catalytic cracking tests at a fuel flow rate of 10.6 g/hr (FP = 125)
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Chen and Marc Martens (1997) have studied about process for improving the
conversion of a hydrocarbon feedstock to light olefins comprising the steps of first
contacting the hydrocarbon feedstock with a light olefin producing cracking catalyst and

subsequently thermally cracking the unseparated stream to produce additional ethylene.

Catalytic + Thermal | Catalytic Cracking | Thermal Cracking
Cracking Only Only

Conversion Wt. (%) 93.3 92.8 91.4

Table 2.5: Comparison of catalytic plus thermal cracking with straight catalytic cracking
and straight thermal cracking (Adapted from Chen and Marc Martens, 1997)

Table 2.5 above offers a comparison of catalytic plus thermal cracking with
straight catalytic cracking and straight thermal cracking. Since this research’s scope of
study is just focused on comparing the catalytic cracking and thermal cracking, the
catalytic cracking plus thermal cracking is not discussed further. From the Table 2.6
above, it showed that the conversion through catalytic cracking resulted in 92.8 wt. %,
when the conversion through thermal cracking resulted in 91.4 wt. %. The yields of

catalytic cracking are higher compared to yields of thermal cracking.

25  Zeolite Catalyst

Zeolite is an inorganic porous material having a highly regular structure of pores
and chambers that allows some molecules to pass through, and causes others to be either
excluded, or broken down. It is in many ways, the inorganic equivalent of organic
enzymes, many of which also have specific sized chambers that trap chemicals within

our bodies, holding them where they either break down, or react with specific chemicals.
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Compositionally, zeolites are similar to clay minerals. More specifically, both
are alumino-silicates. They differ, however, in their crystalline structure. Many clays
have a layered crystalline structure (similar to a deck of cards) and are subject to
shrinking and swelling as water is absorbed and removed between the layers. In
contrast, zeolites have a rigid, 3-dimensional crystalline structure (similar to a
honeycomb) consisting of a network of interconnected tunnels and cages. Water moves
freely in and out of these pores but the zeolite framework remains rigid. Another special
aspect of this structure is that the pore and channel sizes are nearly uniform, allowing the
crystal to act as a molecular sieve. The porous zeolite is host to water molecules and
ions of potassium and calcium, as well as a variety of other positively charged ions, but
only those of appropriate molecular size to fit into the pores are admitted creating the

"sieving" property.

One important property of zeolite is the ability to exchange cations. This is the
trading of one charged ion for another on the crystal. One measure of this property is the
cation exchange capacity (CEC). Zeolites have high CEC's, arising during the formation
of the zeolite from the substitution of an aluminum ion for a silicon ion in a portion of
the silicate framework (tetrahedral units that make up the zeolite crystal). A defining
feature of zeolites is that their frameworks are made up of 4-connected networks of
atoms. One way of thinking about this is in terms of tetrahedra, with a silicon atom in
the middle and oxygen atoms at the corners. These tetrahedra can then link together by
their corners (see illustration) to from a rich variety of beautiful structures. The
framework structure may contain linked cages, cavities or channels, which are of the
right size to allow small molecules to enter - i.e. the limiting pore sizes are roughly
between 3 and 10 A in diameter. In all, over 130 different framework structures are now
known. In addition to having silicon or aluminium as the tetrahedral atom, other
compositions have also been synthesized, including the growing category of

microporous aluminophosphates
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Figure 2.10: Framework structure of zeolite
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Various catalysts are reported for cracking of fatty acids. The choice of the
catalyst plays an important role in the cracking of fatty acids. Since zeolites are
extremely active, therefore it has been tested extensively for catalytic cracking,
especially of vegetable oil by several researchers (Twaiq et al., 1999; Yean-Sang et al.,
2004). Different catalysts will lead to different product distribution of catalytic cracking
(Chew and Bhatia, 2008). Corma et al. (2007) studied catalytic cracking of glycerol and
sorbitol, in the presence of 6 different catalysts, including a fresh FCC catalyst, an
equilibrium FCC catalyst with metal impurities (ECat), a mesoporous Al,O3, a USY
zeolite (Y), a ZSMb5-based FCC additive (ZSM5), and an inert silicon carbide (SiC). The
catalysts activity (in terms of total conversion to gases, coke, and aromatics) for the
conversion of glycerol increased in the order of SiC < ECat < ZSM5 < Al,O3 < FCC ~
USY (Corma et al., 2007).

The combination of acidity, hydrothermal stability, and pore size made this
zeolite as the main active component of cracking catalysts. In recent years, there have
been several other studies on the production of hydrocarbons from palm oil mainly bio-
gasoline/biopetrol (Twaiq et al., 1999; Yean-Sang, 2004) which have been carried out
using cracking catalysts in a micro-reactor. Zeolites have shown excellent performance
as solid acid cracking catalysts due to their higher selectivity (Leng et al., 1999).
Catalytic cracking of vegetable oil for liquid hydrocarbon production was studied over
various microporous catalysts (Sharma and Bakhshi, 1991; Katikaneni et al., 1995;

Twaiq et al., 1999) as well as mesoporous catalysts (Twaiq et al., 2003). In this direct
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catalytic conversion process, the choice of shape selective catalyst controls the type of
fuel and its yield in the organic liquid product. The properties of catalysts are governed

by acidity, pore shape and size (Bhatia, 1990).
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CHAPTER 111

METHODOLOGY

Chemical Substances

Palmitic acid as the raw material
Hexane as the solvent compound/dilution agent

Isooctane as the standard substance for analysis

Equipment

Heating mantle 250 ml

Round bottom flask 250 ml, 3 necks
Condenser

Thermometer 200°C

Heating plate

Measuring cylinder 50 ml
Analytical balance

Fume hood

Syringe

Gas Chromatographer (GC)
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3.3  The Overall Methodology

The overall methodology involves all the steps in achieving conversion of

palmitic acid to isooctane are divided into four major sections:

i.  Preparation of calibration curve for pure isooctane
ii.  Sample preparation (isooctane from palmitic acid)
iii.  Analysis sample using Gas Chromatography
iv.  Determined the concentration of isooctane obtain from palmitic acid

3.4  Preparation of Calibration Curve For Pure Isooctane

Six different calibration mixtures of isooctane and hexane samples are prepared
(Table 3.1), injected into vials, labeled and analyzed using Gas Chromatography method
to find the peak area for each sample. Isooctane’s retention time is recorded for each
sample analyzed. Standard calibration curve, which consists peak area versus

concentration are plotted.

Table 3.1: Sample of isooctane and hexane mixture

Vial Composition (%)

Isooctane (mL) Hexane(mL)
1 50% (20mL) 50% (20mL)
2 40% (16mL) 60% (24mL)
3 30% (12mL) 70% (28mL)
4 20% (8mL) 80% (32mL)
5 10% (4mL) 90% (36mL)
6 0% (OmL) 100% (40mL)
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3.5  Sample Preparation - Palmitic Acid Heating, Melting, and Catalytic
Cracking

The 50 grams palmitic acid is firstly melted using heat on the heating mantle. At
64°C, the palimitic acid changes from solid to liquid. When the palmitic acid is
completely melted, 5 grams anti bumping granules are added to ensure the heat energy
transfers uniformly. Then, the 1 gram of zeolite catalyst are added into the liquid acid.
After that, the heating process continues until 99°C, which is at isooctane’s boiling point,
for 1.5 hours. The hydrocarbon chain in palmitic acid will break down and forming new
compound. The distillated product obtained will diluted into 4 different dilution
mixtures with hexane as a solvent — 1%, 5%, 10%, and 20%. Analyze all the sample
obtained using Gas Chromatographer. Then, match the desired peak obtained with
calibration curve. Finally, the yields using this method are compared with yields using
thermal cracking method (already available). The catalytic cracking process is repeated
using 5, 10, and 20 gram of zeolite catalyst. All the experiments process above are

repeated for second trial.
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50g of palmitic acid is melted using heat at 64°C

\4
5g anti bumping granules are added to ensure the heat
energy transfers uniformly

\ 4
19 of granular zeolite catalyst is added into the liquid

\4
Sample is heated until isooctane’s boiling point,
99°C, for 1.5 hours

A4

The distillated product is diluted with hexane to give the four (4) different
dilution mixture solutions — 1%, 5%, 10%, 20% of distillated product

\ 4

Samples obtained (for every dilution mixture solution) are analyzed using Gas
Chromatographer

A 4
The desired peaks obtained are matched with calibration curve

\ 4
The concentration of isooctane in the sample is obtained

A

Repeat the catalytic cracking with 5, 10 and 20g of
zeolite catalyst

A 4
Repeat all the experiment procedures above for second trial

L

Figure 3.1: Flow diagram of experimental work
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3.6  Gas Chromatographer (GC) Analysis

34

The analysis of isooctane standard mixtures and palmitic acid distillates is

conducted using the same method. The following condition (Table 3.2) is set at GC.

Table 3.2: Gas Chromatographer (GC) condition

Temperature Column

Initial 50°C, hold 3 minutes, program at
8°C/min to 120°C, hold 5 minutes

Detector Type Flame lonization Detector (FID)
Injector Temperature 250°C
Detector Temperature 250°C
Injection Size 1.0uL (10:1 split)
Hydrogen Flow 35mL/min
Air Flow 400mL/min
Helium Make Up 35mL/min

Carrier Gas

Helium, Compress Air, Ha, N2

Carrier Gas Pressure

5 bar for every carrier gas




CHAPTER IV

RESULT AND DISCUSSION

4.1 Results for Standard Isooctane

The standard isooctane mixture contained of pure isooctane and hexane with
composition mixture as recorded in Table 3.1 were analyzed with Gas Chromatography
method. Isooctane chemical was required reference amount to make the standard
calibration curve. Standard calibration curve is needed to find the concentration of

actual desired isooctane in the samples.

Figure 4.1, 4.2, 4.3, 4.4, and 4.5 below show the chromatograms of the isooctane
standards those consisting 0% isooctane (100% hexane), 20% isooctane, 30% isooctane,
40% isooctane, and 50% isooctane that are analyzed by using Gas Chromatographer.
Whereas, the next of each chromatograms which are Table 4.1, 4.2, 4.3, 4.4 and 4.5 are
the retention time and area for every components exist in the mixture of standard
isooctane. The number of peak for every chromatograms are just took for several within

range of retention time of hexane and isooctane.
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Figure 4.1: Chromatogram of Isooctane Standard for 0% Isooctane (100% Hexane)

Table 4.1: Retention Time and Area of Mixture Components For 0% Isooctane Standard

Rezmtr:a?eg)me Area (pA*s) Area (%) Compound Noted
3.663 1.0833 x 10° 96.69 Hexane
3.750 1617.3270 0.1444 -Unrecognized-
3.962 315.8400 0.0282 -Unrecognized-
4.035 1573.6375 0.1405 -Unrecognized-
4.103 509.7411 0.0455 -Unrecognized-
4.205 98.6366 0.0088 -Unrecognized-
4.295 518.1584 0.0463 -Unrecognized-
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Figure 4.2 : Chromatogram of Isooctane Standard for 20% lIsooctane
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Table 4.2: Retention Time and Area of Mixture Components For 20% Isooctane
Standard

Rezf:itrl]a?eg)me Area (pA*s) Area (%) Compound Noted
3.661 1.0130 x 10° 82.4616 Hexane
3.750 1241.2789 0.1010 -Unrecognized-
3.799 5229.2026 0.4257 -Unrecognized-
3.965 350.3512 350.3512 -Unrecognized-
4.040 1801.3366 0.1466 -Unrecognized-
4,113 535.2282 0.0436 -Unrecognized-
4.308 1.8280 x 10° 14.8797 Isooctane
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Figure 4.3: Chromatogram of Isooctane Standard for 30% Isooctane

Table 4.3: Retention Time and Area of Mixture Components For 30% Isooctane
Standard

Rezmtr:a?eg)me Area (pA*s) Area (%) Compound Noted
3.411 1.3118 x 10° 12.9041 -Unrecognized-
3.493 1.0825 x 10° 10.6480 -Unrecognized-
3.618 3.3831x 10° 33.2792 -Hexane-
3.808 1.1870 x 10° 11.6767 -Unrecognized-
4.041 1.2892 x 10° 1.2682 -Unrecognized-
4.329 3.0644 x 10° 30.1438 -Isooctane
4.500 139.7941 0.0138 -Unrecognized-
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Figure 4.4: Chromatogram of Isooctane Standard for 40% Isooctane

Table 4.4: Retention Time and Area of Mixture Components For 40% Isooctane

Standard
Rezﬁ:itr'lﬁ?eg)me Area (pA*s) Area (%) Compound Noted

3.489 7693.1895 0.6204 -Unrecognized-
3.635 6.1884 x 10° 49.9082 Hexane
3.737 683.7426 0.0551 -Unrecognized-
3.787 3302.4473 0.2663 -Unrecognized-
3.964 167.7101 0.0135 -Unrecognized-
4.043 1147.7697 0.0926 -Unrecognized-
4.388 6.0064 x 10° 48.4406 Isooctane
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Figure 4.5: Chromatogram of Isooctane Standard for 50% Isooctane
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Table 4.5: Retention Time and Area of Mixture Components For 50% Isooctane
Standard

Re;[;nitnlﬁ?eg)me Area (pA*s) Area (%) Compound Noted
3.487 6227.9790 0.4921 -Unrecognized-
3.627 5.1292 x 10° 40.5248 Hexane
3.736 464.6796 0.0367 -Unrecognized-
3.784 2526.1301 0.1996 -Unrecognized-
3.963 113.7915 0.0090 -Unrecognized-
4.051 904.9688 0.0715 -Unrecognized-
4.415 7.3590 x 10° 58.1419 Isooctane

From Table 4.1 until 4.5, the tables describe the time where the compound exist
and also its peak area. Its showed that the isooctane exist at 4.308 minutes and its area is
1.8280 x 10° for 20% standard isooctane; 4.329 minutes and its area is 3.0644 x 10° for
30% standard isooctane; 4.388 minutes and its area is 6.0064 x 10° for 40% standard
isooctane; 4.415 minutes and its area is 7.3590 x 10° for 50% standard isooctane. To be
concluded, the retention time and area of 0%, 20%, 30%, 40%, and 50% of standard
isooctane are showed in Table 4.6. Another peaks that exist in chromatograms are
unrecognized peak since there are undesired peak and not important to look out and

discussed regarding this research.

Table 4.6: Retention Time and Area for Standard Isooctane

Concentration, % Peak Area, pA*s, x10™ Retention time
0 0 0
20 1.8280 4.308
30 3.0644 4.329
40 6.0064 4.388
50 7.3590 4.415

All of the standard results from table 4.6, peak area versus concentration were
plotted to obtain a standard calibration curve as shown in Figure 4.6. The result shows
that the peak area of isooctane is increased with the amount of the concentration of
isooctane in percent. The standard calibration curve is used to determine the exact
concentration of isooctane obtained from catalytic cracking of 50g palmitic acid using

19, 59, 10g, and 20g of zeolite catalyst according to their peak areas respectively.




40

Calibration Curve of Standard Isooctane
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Figure 4.6: Standard Calibration Curve

4.2 Results for Samples (Palmitic Acid)

Data’s and values from the raw data’s are not described and showed its actual
concentration. This is because the samples that are analyzed in Gas Chromatographer
(GC) are diluted first twicely with hexane as the dilution agent to reduce their
concentration. Dilution of the samples before injected to the GC is required because GC
is very sensitive equipment especially the column used. Only colorless or more specific
is only very dilute and non-particle liquid sample can be injected and run using the GC,
to avoid the blocking occurrence in the GC column by the solid particles. From the
previous chapter, Chapter 2, the properties of palmitic acid has been described that the
palmitic acid is solid in room temperature and its melting point is around 63 °C. The

collecting product from catalytic cracking distillate is tend to be solid again.
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So, to get the actual peak area of isooctane and actual concentration of isooctane,
the back calculation are needed regarding how much the dilution are done. In this case,
twice of dilution are done to achieve the suitable and acceptable liquid dilution. The
calculation method below are used to achive above description. This calculation
included to find the actual peak area of isooctane in percent, actual peak area of

isooctane in pA*s, and actual isooctane concentration in percent.

i. Actual peak area isooctane (%) = [peak area isooctane (%)/ [100-peak area hexane
(%)]11*100

ii. Actual peak area (pA*s) = [peak area isooctane (pA*s)/peak area isooctane

(%)]*actual peak area of isooctane (%)

ili. Actual isooctane concentration is obtained by matching the actual peak area in pA*s
on the standard calibration curve shown in figure 4.6 or just using its equation of
standard calibration curve that is y = 0.152x - 0.614. ‘y’ is described as actual peak area

of isooctane in pA*s and ‘X’ is actual isooctane concentration in percent.

All the results of calculated values for distillated catalytic cracking of palmitic
acid using 1g, 5g, 10g, and 20g of zeolite catalyst and its respective dilution percent of 1,
5, 10, and 20 for first trial are recorded in table 4.7. Whereas, the results of calculated

values are recorded in table 4.8. For more details calculation, see Appendix A.
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Actual Peak Area of Isooctane in Percent and pA*s and Actual Isooctane Concentration In Percent of Distillated

Catalytic Cracking of Palmitic Acid Using 1g, 5g, 10g, and 20g of Zeolite Catalyst and Its Respective Dilution Percent of 1, 5, 10, and
20 for First Trial

Catalyst, | Dilution, Area, Isooctane Hexane Actual Peak Area Actual Peak Area, Actual Isooctane
gram % pA*s Area, % Area, % Isooctane,% pA*s Concentration,%
1 0.3024 | 0.00002724 49.0398 5.34535E-05 0.5934 7.9434
1 5 0.8755 0.00069 33.8486 0.001043062 1.3235 12.7466
10 0.3064 | 0.00002823 49.0104 5.53642E-05 0.6009 7.9928
20 0.0229 | 0.00004723 50.4651 9.53469E-05 0.0462 4.3436
1 0.4161 | 0.00003876 50.075 7.76365E-05 0.8335 9.5227
5 5 0.3135 | 0.00002778 48.147 5.35745E-05 0.6046 8.0171
10 4.2549 0.00043 49.8099 0.000856743 8.4776 59.8129
20 0.5986 4.1855 44,7125 7.570427312 1.0827 11.1625
1 2.4252 0.00027 50.6913 0.000547571 4.9184 36.3972
10 5 0.9850 0.00057 46.9532 0.001074523 1.8569 16.2556
10 0.3170 | 0.0000319 46.9852 6.01719E-05 0.5979 7.9733
20 0.3291 | 0.00003434 49.1255 6.74994E-05 0.6469 8.2953
1 3.7979 0.00041 53.2782 0.000877535 8.1288 57.5181
20 5 3.3976 0.00039 52.7077 0.000824659 7.1843 51.3043
10 0.5332 0.000054 52.4546 0.000113576 1.1215 11.4174
20 0.5231 | 0.00004843 52.9426 0.000102917 1.1116 11.3528
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Table 4.8:  Actual Peak Area of Isooctane in Percent and pA*s and Actual Isooctane Concentration In Percent of Distillated
Catalytic Cracking of Palmitic Acid Using 1g, 5g, 10g, and 20g of Zeolite Catalyst and Its Respective Dilution Percent of 1, 5, 10, and
20 for Second Trial
Catalyst, | Dilution, Area, Isooctane Hexane Actual Peak Actual Peak Area, Actual Isooctane
gram % pA*s Area, % Area, % Area, % pA*s Concentration, %
1 1.05389 0.0001 52.7619 0.000211694 2.231016912 18.71721653
1 5 1.1422 0.0001 53.8204 0.000216546 2.473386517 20.3117534
10 0.3964 | 0.00004852 53.0425 0.000103327 0.844167598 9.593207884
20 1.0551 0.00011 53.5378 0.000236752 2.270878262 18.97946225
1 0.3974 | 0.00003206 50.6172 6.49214E-05 0.804733632 9.333773894
5 5 0.4011 | 0.00003936 50.6922 7.98251E-05 0.813461562 9.391194486
10 0.3907 | 0.00003962 50.0186 7.92695E-05 0.781690789 9.182176243
20 0.4293 | 0.00004151 50.2899 8.35042E-05 0.863607195 9.721099964
1 0.768 0.00007812 51.4704 0.000160974 1.582539316 14.45091655
10 5 0.6547 | 0.00006238 51.0841 0.000127525 1.338419614 12.84486588
10 0.4172 | 0.00004662 50.8766 9.49039E-05 0.849289748 9.626906236
20 0.5365 | 0.00005586 51.1048 0.000114244 1.097244719 11.25818894
1 1.2388 0.00011 51.1435 0.000225149 2.535588919 20.72097973
20 5 0.8739 | 0.00008476 50.7125 0.000171971 1.773066193 15.70438285
10 0.9915 0.0000953 51.0001 0.00019449 2.023473517 17.35179946
20 0.8897 | 0.00009123 49.9379 0.000182234 1.777192727 15.7315311
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4.3 Discussion

Cracking method is used to breaking up large hydrocarbon molecules into
smaller and more useful bits of hydrocarbon compounds. The long-chain hydrocarbon
molecules are at first broken up in a fairly random way to produce mixtures of various
smaller hydrocarbon radicals, and then these radicals recombine in different arrangement
through isomerization process. Zeolites catalyst consists complex aluminosilicates, and
are large lattices of aluminium, silicon and oxygen atoms carrying a negative charge.
They are, associated with positive ions such as sodium ions. The desired isooctane
molecules are formed through this synthesized. The isooctane produced is as indicator
the biopetrol is synthesized and concentrated in this process. So, the amount of
isooctane produced is showed the amount of biopetrol produced. Isooctane is targeted as

product of biopetrol because petrol itself is dominated by isooctane.

4.3.1 First Trial of Catalytic Cracking of Palmitic Acid

4.3.1.1 Catalytic Cracking of Palmitic Acid using 1 gram of Zeolite Catalyst

From the obtained results (see Table 4.7), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 1 gram of catalyst and
diluted into 1% of product is 7.9434 %. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 12.7466%, 7.9928%, and 4.3436%
respectively. All the results are plotted in Figure 4.7 which area versus percent

concentration.

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any

amounts.
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Figure 4.7: Concentration of Actual Desired Isooctane Using 1gram of Catalyst (First
Trial)

According to the Figure 4.7 above, the 20% dilution is the lowest of isooctane
contained and 5% is the highest of isooctane contained. These values are not persist
each other. These are happened because of solidify of the product distillate. After
distillate product are collected and removed from the source of heat, the distillate
product are tend to be solidify especially when its temperature are fall below the palmitic
acid’s melting point — 63 °C. Isooctane is liquid in room temperature but the unreacted
and unconverted palmitic acid is effect the distillated product tends to become solid. So
the amount of isooctane produced and analyzed in GC will affect its actual amount.
20% dilution had the lowest amount of isooctane because it is the most tend to be
solidified. More the mixture solution is dominated by distillated product, more the
mixture solution tend to be solidify. Above result (see Figure 4.7) are not uniform and
gradual with 20%, 10%, 5%, and 1% because the approach and the way of acted on
maintained to avoid solidify are not uniform. Sometimes, the dilution mixture solution

is just shaked manually. Sometimes, the dilution mixture solution are put into water
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bath that had the temperature above 63 °C to make sure all the compounds are
maintained in solid state. So, the rate of solidify are not same and uniform between

those 4 different dilution solution mixture.

4.3.1.2 Catalytic Cracking of Palmitic Acid Using 5 gram of Zeolite Catalyst

From the obtained results (see Table 4.7), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 5 gram of catalyst and
diluted into 1% of product is 9.5227%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 8.0171%, 59.8129%, and 11.1625%
respectively. All the results are plotted in Figure 4.8 which area versus percent

concentration.
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Figure 4.8 : Concentration of Actual Desired Isooctane Using 5gram of Catalyst (First
Trial)
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Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any
amounts. According to the Figure 4.8 above, the 5% dilution is the lowest of isooctane
contained and 10% is the highest of isooctane contained. These values are not persist
each other. These are happened because of solidify of the product distillate. The
description of this situation has been discussed before at section 4.3.1.1. The 10% of
dilution mixture solution detected had the highest isooctane product maybe because the
researcher handled to avoid the solution solidify are extremely different from the
common way. The solution is heated back impermanently until all mixture solution are

colorless in liquid and be fully homogenous.

4.3.1.3 Catalytic Cracking of Palmitic Acid Using 10 gram of Zeolite Catalyst

From the obtained results (see Table 4.7), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 10 gram of catalyst and
diluted into 1% of product is 36.3972%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 16.2556%, 7.9733%, and 8.2953%
respectively. All the results are plotted in Figure 4.9 which area versus percent

concentration.

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any
amounts. According to the Figure 4.9 below, the 10% and 20% dilution is the lowest of
isooctane contained and 1% is the highest of isooctane contained. These values are not

persist each other. These are happened because of solidify of the product distillate. The
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description of this situation has been discussed before at section 4.3.1.1 and section
4.3.1.2.

Concentration of Actual Desired Isooctane
in the Samples (10g Catalyst)
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Figure 4.9: Concentration of Actual Desired Isooctane Using 10gram of Catalyst (First
Trial)

4.3.1.4 Catalytic Cracking of Palmitic Acid Using 20 gram of Zeolite Catalyst

From the obtained results (see Table 4.7), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 20 gram of catalyst and
diluted into 1% of product is 57.5181%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 51.3043%, 11.4174%, and
11.3528% respectively. All the results are plotted in Figure 4.10 which area versus

percent concentration.
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Figure 4.10 : Concentration of Actual Desired Isooctane Using 20gram of Catalyst (First
Trial)

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any
amounts. According to the Figure 4.10 above, the 20% dilution is the lowest of
isooctane contained and 1% is the highest of isooctane contained. These values are not
persist each other. These are happened because of solidify of the product distillate. The
description of this situation has been discussed before at section 4.3.1.1 and section
4.3.1.2. These 4 different dilution mixture solution are solidify uniformly according to
the description at section 4.3.1.1. It showed that the way of handled the dilution mixture

solution from being solid are persist generally.
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4.3.1.5 Overall Catalytic Cracking of Palmitic Acid

From the obtained results (see Table 4.7), catalytic cracking of palmitic acid
using 1g, 5g. 10g, and 20g of catalyst, its peak area versus its percentage concentration
of isooctane are plotted in Figure 4.11. From the Figure 4.11 below, percent
concentration of isooctanes produced are increased when amounts of catalysts are
increased generally but not obviously. The values are quite uncertainty and fluctuated.
They are deviated from the theory and literature. But generally, the results are not too
far deviated from the theory. Its can acceptable that percent concentration of isooctanes

produced are increased when amounts of catalysts are increased.
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Figure 4.11 : Concentration of Actual Desired Isooctane in the Samples (All Catalysts

Parameter) — First Trial
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The values are fluctuated and deviated from the theory (product will increased
when the amount of catalysts are increased), because of several caused - static state, role

of catalyst, solidify, and experimental errors.

When doing the experiments, the cracking process is done in static state of
catalyst used, so the catalyst does not move to react optimally. Zeolite catalyst has
certain active site and pore size. But not all the active size are used optimally during the
catalytic reaction because the reactant (palmitic acid) just reacted at certain active site.
These are because the catalytic cracking process is not carried out in the dynamic state.
When the catalytic cracking is carried out in the dynamic state, the contacted of reactant
with the catalysts’ active sites and pores are increased. The product produced will

increase.

The catalyst granules are not same in size and shape that obtain the different
sizes of voids when the granules are bulked. The smallest voids among the granules clog
the huge molecules from going through them. So, this is limits the catalyst’s reaction

surface area. The products are not optimally produced.

Product (isooctane) is difficult to be maintained its original amounts and
concentrations produced during transferring process because the distillate product easily
changes into solid. So, the amounts and concentrations analyzed are not the actual and
original amounts and concentrations produced. This situation has been discussed before
at section 4.3.1.1,4.3.1.2,43.1.3,and 4.3.1.4.

The results values are fluctuated and deviated from the theory also because of
experimental errors. Even though this research are not go through the effect of time
consumed during the reaction process, but the experimenter are took easy about the time
consumed during the reaction process. This catalytic cracking process of all parameter
for every reaction should done with same time. Time should be constant variable of the
experiment. Different time consumed, different amounts of products produced are
different. Maybe during the reading values taken, the parallax error are done. The
apparatus used especially the vials that used for analyzed in GC are not very clean. This

is effected the reading values.
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4.3.2 Second Trial of Catalytic Cracking of Palmitic Acid

4.3.2.1 Catalytic Cracking of Palmitic Acid Using 1 gram of Zeolite Catalyst

From the obtained results (see Table 4.8), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 1 gram of catalyst and
diluted into 1% of product is 18.7172%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 20.3118%, 9.5932%, and 18.9794%
respectively. All the results are plotted in Figure 4.12 which area versus percent

concentration.
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Figure 4.12: Concentration of Actual Desired Isooctane Using 1gram of Catalyst
(Second Trial)

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between

four different dilutions. These are because the number of moles and the mole fraction



53

are should be same and are not changed although the solution are diluted into any
amounts. According to the Figure 4.12 above, the 10% dilution is the lowest of
isooctane contained and 5% is the highest of isooctane contained. These values are not
persist each other. But 1%, 5%, and 20% of dilution mixture solution are persist. These
are happened because of solidify of the product distillate. The description of this
situation has been discussed before at section 4.3.1.1, 4.3.1.2, 4.3.1.3, and 4.3.1.4.

4.3.2.2 Catalytic Cracking of Palmitic Acid Using 5 gram of Zeolite Catalyst

From the obtained results (see Table 4.8), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 1 gram of catalyst and
diluted into 1% of product is 9.3338%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 9.3912%, 9.1822%, and 9.7210%
respectively. All the results are plotted in Figure 4.13 which area versus percent

concentration.

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any
amounts. According to the Figure 4.13 below, the isooctane contained are persist

between 4 different dilution percent.
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Figure 4.13 : Concentration of Actual Desired Isooctane Using 5gram of Catalyst
(Second Trial)

4.3.2.3 Catalytic Cracking of Palmitic Acid Using 10 gram of Zeolite Catalyst

From the obtained results (see Table 4.8), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 1 gram of catalyst and
diluted into 1% of product is 14.4509%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 12.8449%, 9.6269%, and 11.2581%
respectively. All the results are plotted in Figure 4.13 which area versus percent

concentration.

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any

amounts. According to the Figure 4.14 below, the 10% dilution is the lowest of
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isooctane contained and 1% is the highest of isooctane contained. These values are not
persist each other. These are happened because of solidify of the product distillate. The
description of this situation has been discussed before at section 4.3.1.1, 4.3.1.2, 4.3.1.3,
and 4.3.1.4.

Concentration of Actual Desired Isooctane
in the Samples (10g Catalyst)
8
; *
y =0.152x - 0.614

o © *
& 5
=
:,‘ 4
g 3 N
g o %
g 20%
< 10%
&

0 * T T T T T 1

1 ( 10 20 30 40 50 60

-2

Concentration, %

Figure 4.14 : Concentration of Actual Desired Isooctane Using 10gram of Catalyst
(Second Trial)

4.3.2.4 Catalytic Cracking of Palmitic Acid Using 20 gram of Zeolite Catalyst

From the obtained results (see Table 4.8), the percentage concentration of
isooctane obtained in catalytic cracking of palmitic acid using 1 gram of catalyst and
diluted into 1% of product is 20.7210%. When diluted into 5%, 10%, and 20% of
product, the concentration of isooctane obtained are 15.7044%, 17.3518%, and
15.7315% respectively. All the results are plotted in Figure 4.15 which area versus

percent concentration.
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Figure 4.15 : Concentration of Actual Desired Isooctane Using 20gram of Catalyst
(Second Trial)

Theoretically and ideally, when the product distillate is diluted into four (4)
different dilution percent, the actual percent concentrations are should be same between
four different dilutions. These are because the number of moles and the mole fraction
are should be same and are not changed although the solution are diluted into any
amounts. According to the Figure 4.15 above, the 5% dilution is the lowest of isooctane
contained and 1% is the highest of isooctane contained. These values are not persist
each other. These are happened because of solidify of the product distillate. The
description of this situation has been discussed before at section 4.3.1.1, 4.3.1.2, 4.3.1.3,
and 4.3.1.4.
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4.3.2.5 Overall Catalytic Cracking of Palmitic Acid

From the obtained results (see Table 4.8), catalytic cracking of palmitic acid
using 1g, 5g. 10g, and 20g of catalyst, its peak area versus its percentage concentration
of isooctane are plotted in Figure 4.16. From the Figure 4.16 below, percent
concentration of isooctanes produced are increased when amounts of catalysts are
increased generally but not obviously. The values are quite uncertainty and fluctuated.
They are deviated from the theory and literature. But generally, the results are not too
far deviated from the theory. Its can acceptable that percent concentration of isooctanes

produced are increased when amounts of catalysts are increased.

Concentration of Actual Desired Isooctane in
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Figure 4.16 : Concentration of Actual Desired Isooctane in the Samples (All Catalysts

Parameter) — Second Trial
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The values are fluctuated and deviated from the theory (product will increased
when the amount of catalysts are increased), because of several caused - static state, role
of catalyst, solidify, and experimental errors. The description of this situation has been
discussed before at section 4.3.1.5. The results obtained from the second trial are much
better than the results obtained from the first trial. This is because the experimenter is

enhanced and minimized his experimental mistake from the first trial of experiment.

4.3.3 Comparing Catalytic Cracking Yields with Thermal Cracking Yields

Because of the second trial of experimental results are better than first trial of
experimental results, its values are considered to take for comparing with thermal
cracking yields. In case of thermal cracking of palmitic acid for biopetrol synthesized,
Zariyati (2008) and Anis (2005) have reported that the yields of thermal cracking of
palmitic acid for biopetrol synthesized are just 3 percent to 5 percent. When the yields
of catalytic cracking of palmitic acid for biopetrol synthesized is 9 percent to 20 percent.
It showed that the yields from catalytic cracking method are much better and higher than
the yields from thermal cracking method. The theory from the literature has been

approved.

Zeolites catalyst are complex aluminosilicates, and are large lattices of
aluminium, silicon and oxygen atoms carrying a negative charge. They are associated
with positive ions such as sodium ions. The palmitic acid is brought into contact with the
catalyst.and it will reactd at pores and active sites in zeolite catalyst. Zeolite catalyst has
sites which can remove a hydrogen from an alkane together with the two electrons which
bound it to the carbon. That leaves the carbon atom with a positive charge. lons like this
are called carbonium ions (or carbocations). Reorganisation of these leads to the various
products of the reaction. The zeolites used in catalytic cracking are chosen to give high
percentages of hydrocarbons with between 5 and 10 carbon atoms - particularly useful
for petrol. It same goes to biopetrol. The tetrahedra of zeolite catalyst structure are

arranged so that the zeolites have an open framework structure, which defines a pore
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structure with a high surface area. This high of surface area are increased the contacted
of palmitic acid reactant with zeolite catalyst.The possible yields are high. When the
amounts of catalysts are increased, the possible yields are also increased because the
numbers of palmitic acid reactant contacted are much higher to react and produce yields.
However, the amounts of catalyst increased will increased the yields are not
continuously ever. It will reach the limit level to produced much more yields. The
optimum amounts of catalyst to the ratio of reactant amounts should be studied to give

the maximum yields. But this is not under this research scope of study.



CHAPTER YV

CONCLUSION AND RECOMMENDATION

51 Conclusion

The purposes of this research are to improve the concentration of isooctane
produced from palmitic acid by using catalytic cracking method and to compare the
yields of isooctane produced using catalytic cracking method with the thermal cracking

method.

From the obtained result of first trial, the highest percentage concentrations of
isooctane obtained are 12.7466 % for 1 gram of zeolite catalyst used, 59.8129 % for 5
grams of zeolite catalyst used, 36.3972 % for 10 grams of zeolite catalyst used, and

57.5181 % for 20 grams of zeolite catalyst used.

From the obtained result of second trial, the highest percentage concentrations of
isooctane obtained are 20.3118 % for 1 gram of zeolite catalyst used, 9.7210 % for 5
grams of zeolite catalyst used, 14.4509 % for 10 grams of zeolite catalyst used, and

20.7210 % for 20 grams of zeolite catalyst used.

Generally but not obviously, the percentage concentration of isooctanes produced
are increased when the amounts of catalysts are increased. However, the amounts of
catalyst increased will increased the yields are not continuously ever. It will reached the
limit level to produced much more yields. The optimum amounts of catalyst to the ratio

of reactant amounts should be studied to give the maximum vyields. The values are
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fluctuated and quite deviated from the theory because of several caused - static state, role
of catalyst, solidify, and experimental errors. The description of this situation has been

discussed before at Chapter IV.

Because of the second trial of experimental results are better than the first trial of
experimental results, its values are considered to take for comparing with thermal
cracking yields. The lowest percentage concentration of isooctane obtained is 9.1822 %
and the highest percentage concentration of isooctane obtained is 20.7210 %. These
yields are much higher than the yields produced from thermal cracking method which is
3to5 %. Itshowed that the catalytic cracking method will produce much higher yields

for biopetrol synthesized compared to thermal cracking method.

5.2 Recommendation

This research is conducted in static state which is the catalyst can not react
optimally with palmitic acid reactant. In order to increase the concentration of biopetrol
(isooctane) in palmitic acid, it is recommended the research is conducted in dynamic
state during the catalytic cracking process which means some stirrer is used with
constant RPM (revolution per minute). All the active sites and pores in the zeolite
catalyst are optimally used to produce optimum yields. The time of reaction conducted

should be constant variable to all catalyst parameter.

Different catalysts will lead to different product distribution of catalytic cracking.
Comparing with other catalyst types, zeolite is the most effective catalyst to produce
biopetrol (isooctane) from palmitic acid. Zeolite itself is governed by acidity, pore shape
and size. Other researcher are studied on catalytic cracking of palm oil over various
mesoporous catalysts beside microporous zeolite catalysts (Twaiq et al., 2003, 2004;
Yean-Sang et al., 2004). So, use that resulted information to use the very optimum type

of zeolite catalyst in biopetrol synthesized. The recommended zeolite is Zeolite Y.
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To enhance and to improve the yields of biopetrol synthesized, the best solution
and method to minimize the solidify problem after collecting the distillated product
should be done. The solidify problem will alterated the actual amount of yields. The
experiment also should minimize the human errors such as parallax reading error and the

cleanliness of the apparatus used.
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APPENDIX A

Example of Calculation

For Second Trial, Using 20 grams of catalyst with 1% of dilution :

Actual peak area isooctane (%) = [peak area isooctane (%)/ [100-peak area hexane
(%)11*100
=[0.00011/ (100-51.1435)]* 100
=0.000225149 %

Actual peak area (pA*s) = [peak area isooctane (pA*s)/peak area isooctane (%)]*actual
peak area of isooctane (%)
=[1.2388/0.00011]*0.000225149
= 2.535588919 pA*s

From the equation shown in standard calibration curve (Figure 4.6):
Y =0.152X - 0.614

Where is Y = Actual Peak Area in pA*s and X = Actual concentration of isooctane

Actual concentration of Isooctane (%) = (actual peak area (pA*s) + 0.614) / 0.152
= (2.535588919 + 0.614) / 0.152
=20.72097973 %

The others calculations are using same method and recorded in table below.
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APPENDIX B.1

Material Safety Data Sheet for Palmitic Acid

General

Synonyms: cetylic acid, hexadecylic acid, hexadecanoic acid
Molecular formula: C1gH3,0-

CAS No: 57-10-3

EINECS No: 200-312-9

Physical data

Appearance: white chips, crystals or powder
Melting point: 61 - 64 C

Boiling point: 352 C

Vapour pressure: 10 mm Hg at 210 C
Density (g cm™): 0.84

Stability
Stable. Combustible. Incompatible with bases, oxidizing agents, reducing agents.
Toxicology

Skin, eye and respiratory irritant.



Toxicity data

(Refer appendix C)

ORL-RAT LD50 > 10000 mg kg™
IVN-MUS LD50 57 mg kg™

Risk phrases

(The meaning of any risk phrases which appear in this section is given in
appendix D)

R36 R37 R38.

Transport information

Non-hazardous for air, sea and road freight.
Personal protection

Safety glasses.

Safety phrases

(The meaning of any safety phrases which appear in this section is given in
appendix E)

S26 S36.
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APPENDIX B.2

Material Safety Data Sheet for 2,2,4-Trimethylpentane/lsooctane

General

Synonyms: isobutyltrimethylpentane, isooctane
Molecular formula: (CH3)3;CCH,CH(CHj3),
CAS No: 540-84-1

EC No: 208-759-1

Annex I Index No: 601-009-00-8

Physical data

Appearance: colourless liquid
Melting point: -107 C

Boiling point: 98 C

Vapour density: 3.9

Vapour pressure: 41 mm Hgat 21 C
Specific gravity: 0.692

Flash point: -7 C (closed cup)
Explosion limits: 1 - 6%
Autoignition temperature: 396 C
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Stability

Stable. Highly flammable. Incompatible with oxidizing agents, reducing agents.

Toxicology

Harmful if inhaled or ingested. May be harmful through skin contact. Eye,

respiratory and skin irritant.

Risk phrases

(The meaning of any risk phrases which appear in this section is given in
appendix D)

R11 R20 R22 R36 R37 R38 R50 R53 R65 R67.

Environmental information

Very toxic to aquatic organisms - may cause long-term damage to the

environment.
Transport information

(The meaning of any UN hazard codes which appear in this section is given
appendix F)
UN No 1262. Hazard class 3.0. Packing group 1I.

Personal protection
Safety glasses, good ventilation, keep away from sources of ignition.

Safety phrases

(The meaning of any safety phrases which appear in this section is given
appendix F)

S16 S26 S33 S36 S37 S39.



APPENDIX B.3

Material Safety Data Sheet for Hexane

General

Synonyms: n-hexane, normal hexane, hexyl hydride
Molecular formula: CgHi4

CAS No: 110-54-3

EC No: 203-777-6

EC Index No: 601-037-00-0

Physical data
Appearance: colourless liquid
Melting point: -95 C
Boiling point: 69 C
Vapour density: 3 (air = 1)
Vapour pressure: 132 mm Hg at 20 C
Specific gravity: 0.659
Flash point: -10 F
Explosion limits: 1.2% - 7.7%
Autoignition temperature: 453 F
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Stability
Stable. Incompatible with oxidizing agents, chlorine, fluorine, magnesium
perchlorate. Highly flammable. Readily forms explosive mixtures with air. Note

low flash point.

Toxicology
May cause impaired fertility. Harmful by inhalation. Irritant. May cause CNS

depression. Prolonged exposure may cause serious health damage.

Toxicity data
ORL-RAT LD50 28700 mg kg™
IHL-RAT LC50 48000 ppm/4h

Risk phrases
R11 R20 R38 R48 R51 R53 R62 R65 R67.

Environmental information

Harmful in the environment - may cause long-term adverse effects.

Transport information
UN No 1208. Hazard class 3. Packing group II.

Personal protection
Safety glasses. Effective ventilation. Remove sources of ignition from the

working area.

Safety phrases
S16 S36 S37 S39 S45 Sh53.



dom
dpo
emb
esc
eug
eye
ice
icv
idr
idu
ihl
isp
itr
itt

iut
ivg
ivn
kdy
LC50
LCLo
LD50
LDlo
leu
Lig
Ing
Ivr
MOD
mol

APPENDIX C

Abbreviations used in Toxicity data

domestic animal (goat, sheep)
Drcsophila pseudo-obscura
embryo

Escherichia cold

Euglena gracilis

administration into eye (irritant)
intracerebral

intracervical

intradermal

intraduodenal

inhalation

intraspinal

intratracheal

intratesticular

international unit

intrauterine

intravaginal

intravenous

kidney

lethal concentration 50 percent kill
lowest published lethal concentration
lethal dose 50 percent kill
lowest published lethal dose
leukocyte

liquid

lung

liver

moderate irritation effects

mole

mppcf million particles per cubic foot
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mrc
msc
mul
mus
orl
ORM
oth
otr
ovr
par
Pg
Pgn
pic
pig
Pk
pmol
post
ppb
pph
ppm
ppt
preg
gal
rat
STEL
TC
TCLo
D
TDLo

gene conversion and mitotic recombination
mutation in mammalian somatic cells
multiple routes

mouse

oral

Other Regulated Material (DoT)
other cell types

oncogenic transformation

ovary

parenteral

picogram

pigeon

phage inhibition capacity

pig

peak concentration

picomole

after birth

parts per billion (v/v)

parts per hundred (v/v) (percent)
parts per million (v/v)

parts per trillion (v/v)

pregnant

quail

rat

short term exposure limit

toxic concentration (other than lowest concentration)

lowest published toxic concentration
toxic dose (other than lowest toxic dose)
lowest published toxic dose

year
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APPENDIX D

Risk Phrases

R1 Explosive when dry.

R2 Risk of explosion by shock, friction, fire or other source of ignition.
R3 Extreme risk of explosion by shock, friction, fire or other sources of
ignition.

R4 Forms very sensitive explosive metallic compounds.

R5 Heating may cause an explosion.

R6 Explosive with or without contact with air.

R7 May cause fire.

R8 Contact with combustible material may cause fire.

R9 Explosive when mixed with combustible material.

R10 Flammable.

R11 Highly flammable.

R12 Extremely flammable.

R13 Extremely flammable liquefied gas

R14 Reacts violently with water.

R15 Contact with water liberates extremely flammable gases.
R16 Explosive when mixed with oxidizing substances.

R17 Spontaneously flammable in air.

R18 In use, may form inflammable/explosive vapour-air mixture.
R19 May form explosive peroxides.

R20 Harmful by inhalation.

R21 Harmful in contact with skin.

R22 Harmful if swallowed.

R23 Toxic by inhalation.

R24 Toxic in contact with skin.

R25 Toxic if swallowed.

R26 Very toxic by inhalation.

R27 Very toxic in contact with skin.

R28 Very toxic if swallowed.

R29 Contact with water liberates toxic gas.

R30 Can become highly flammable in use.

R31 Contact with acids liberates toxic gas.

R32 Contact with acid liberates very toxic gas.

R33 Danger of cumulative effects.

R34 Causes burns.

R35 Causes severe burns.

R36 Irritating to eyes.
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R37 Irritating to respiratory system.

R38 Irritating to skin.

R39 Danger of very serious irreversible effects.

R40 Limited evidence of a carcinogenic effect.

R41 Risk of serious damage to the eyes.

R42 May cause sensitization by inhalation.

R43 May cause sensitization by skin contact.

R44 Risk of explosion if heated under confinement.

R45 May cause cancer.

R46 May cause heritable genetic damage.

R47 May cause birth defects

R48 Danger of serious damage to health by prolonged exposure.
R49 May cause cancer by inhalation.

R50 Very toxic to aquatic organisms.

R51 Toxic to aquatic organisms.

R52 Harmful to aquatic organisms.

R53 May cause long-term adverse effects in the aquatic environment.
R54 Toxic to flora.

R55 Toxic to fauna.

R56 Toxic to soil organisms.

R57 Toxic to bees.

R58 May cause long-term adverse effects in the environment.
R59 Dangerous to the ozone layer.

R60 May impair fertility.

R61 May cause harm to the unborn child.

R62 Risk of impaired fertility.

R63 Possible risk of harm to the unborn child.

R64 May cause harm to breastfed babies.

R65 Harmful: may cause lung damage if swallowed.

R66 Repeated exposure may cause skin dryness or cracking.
R67 Vapours may cause drowsiness and dizziness.

R68 Possible risk of irreversible effects.
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APPENDIX E

EC Safety Phrases

S1 Keep locked up.

S2 Keep out of the reach of children.

S3 Keep in a cool place.

S4 Keep away from living quarters.

S5 Keep contents under ... (there follows the name of a liquid).

S6 Keep under ... (there follows the name of an inert gas).

S7 Keep container tightly closed.

S8 Keep container dry.

S9 Keep container in a well-ventilated place.

S12 Do not keep the container sealed.

S13 Keep away from food, drink and animal foodstuffs.

S14 Keep away from ... (a list of incompatible materials will follow).
S15 Keep away from heat.

S16 Keep away from sources of ignition.

S17 Keep away from combustible material.

S18 Handle and open container with care.

S20 When using, do not eat or drink.

S21 When using do not smoke.

S22 Do not breathes dust.

S23 Do not breathes vapor.

S24 Avoid contact with skin.

S25 Avoid contact with eyes.

S26 In case of contact with eyes, rinse immediately with plenty of water
and seek medical advice.

S27 Take off immediately all contaminated clothing.

S28 After contact with skin, wash immediately with plenty of soap-suds.
S29 Do not empty into drains.

S30 Never add water to this product.

S33 Take precautionary measures against static discharges.

S35 This material and its container must be disposed of in a safe way.
S36 Wear suitable protective clothing.

S37 Wear suitable gloves.

S38 In case of insufficient ventilation, wear suitable respiratory
equipment.

S39 Wear eye / face protection.

S40 To clean the floor and all objects contaminated by this material, use
(there follows suitable cleaning material).
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APPENDIX F

UN Hazard Codes

Class 1 Explosive
o 1.1 Substances with a mass explosion hazard
o 1.2 Substances which present a projection hazard but no mass explosion
hazard
o 1.3 Substances which present both a fire hazard and a minor blast or
projection hazard (or both) but not a mass explosion hazard
o 1.4 No significant hazard
o 1.5 Very insensitive substances with a mass explosion hazard
o 1.6 Very insensitive articles with no mass explosion hazard
Class 2 Gases
o 2.1 Flammable gases
o 2.2 Non-flammable, non-toxic gases
o 2.3 Toxic gases
Class 3 Flammable liquids
Class 4 Flammable solids
o 4.1 Flammable solids, self-reactive substances and solid desensitized
explosives
o 4.2 Materials liable to spontaneous combustion
o 4.3 Substances which, in contact with water, release flammable gases
Class 5. Oxidizing substances and organic peroxides
o 5.1 Oxidizing agents
o 5.2 Organic peroxides
Class 6 Toxic and infectious substances
o 6.1 Toxic substances
o 6.2 Infectious substances
Class 7 Radioactive substances and articles
Class 8 Corrosive substances
Class 9 Miscellaneous dangerous substances



APPENDIX G

Result Chromatogram

Data File C:\CHEM32\1\DATA\BIOPETROL. AID

Sample Name: iso 0%

L\ISOD00001.D

Acq. Operator
Acq. Instrument :
Injection Date :

Acq. Method
Last changed
Analysis Method :

HAFIZAHO04030 Seq. Line
Instrument 1 Location
05/03/2009 12:40:20 Inj
Inj Valume
C:\CHEM32\1\METHODS\ISOOCTANE230108.M
9:08 by HAFIZAH020300
C:\CHEM32\1\METHODS\B4ASHUTDGWN .M

Last changed 06/03/2009 10:10:17 by HA AH040309
(modified after leading
Method Info std testing
FID1 A, (BIOPETROL AIDILMSO000001.0)
PA b
©
200000 @
175000
150000
125000
100000
75000
50000
25000 —=
8% @ gms
o B o o
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
sESRlesteay e e o Bt e L Ryl Ea izt |
1 3.156 VvV 0.0310 876.00342 443.45157 0.07819
2 3.271 Vv 0.0352 140.93332 62.82003 0.01258
3 3.408 VV 5 0.0486 1.36229e4 4467.34814 1,21589
4 3.487 VV S 0.0578 1.23478ed 3558.51270 1.10208
g 3.663 VV S 0.0862 1.08332e6 2.09411e5 96.68949
6 3.750 VV 5§ 0.0240 1617.32703 1124.99182 0.14435
T 3.799 VB S 0.0357 5470.11377 2554.31152 0,48823
] 3,962 BV X 0.0223 315.83997 213.39781 0.02819
El 4.035 VV X 0.0294 1573.63745 763.12140 0.14045
10 4.103 vV X 0.0260 509.74109 297.03052 0.04550
11 4.205 vV X 0.0418 98.63656 31.29571 0.00880
12 4.295 VW T 0.0251 518.15839 317.29715 0.04625
Totals 1.12041e6 2.23264e5

Instrument 1 06/03/2009 10:11:12

HAFIZAHO040309

Page

lof 2
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000002.D

Sample Name: isc 20%

Acq. Operator
Acg. Instrument
Injection Date

hog. Method
Last changed
Analysis Method :
Last changed

Methed Info

HAFIZAH040309 Seq. Line
Instrument 1 socation
05/03/2009 12:53:38 Inj

Inj Volume
C:\CHEM32\1\METHODS\ISOOCTANE230106.M
04/03/2009 1 9:08 by HAFIZAH020309
C: \CHEM32\1\METHODS\B4ASHUTDOWN .M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading
std testing

FID1 A, (BIOPETROL AIDILUS0O000002.D)

pA o
@
=
175000
150000
125000
100000
75000
™
4
50000 2
25000
® EE ge
i Gem oSS IR
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A
Peak RetTime Type Width Area Height RBrea
# [min] [min] [pA*s] [pA] 3
e e el R B el e
1 0.0297 411.59253 50743 0.03350
2 0.0347 102.49897 . 5 0.00834
3 8 0.0491 1.17162e4 3894.68726 0.95371
4 S 0.0569 1.11736e4 3275.30542 0.90954
5 § 0.0837 1.01303e6 2.01634e5 B82.46160
6 T 0.0194 1241.27893 1006.28619 0.10104
i X 0.0288 5229.20264 2677.64282 0.42566
8 T 0.0243 350.35117 223.79845 0.02852
9 T 0.0334 18B01.33655 797.12512 0.14663
10 T 0.0349 535.22815 231.76331 0.04357
11 S 0.0550 1.827%95e5 4.44353ed 14.87971
12 X 0.0209 98.05458 72.18730 0.00798
13 X 0.0228 1.72647 1.19715 0.00014
14 0.0313 5.10584e-1 2.45543e-1 4.156e-5
Totals 1.22849%e6 2.58508e5

Instrument 1 06/03/2009 10:11:5¢6

HAFIZAHO040309

Page

1of 2

Data File C:\CHEM32\1\DATAR\BIOPETROL AIDIL\IS0000003.D

Sample Name: iso 30%

Acg. Operator HAFIZAH040309 Seq. Line
Acqg. Instrument : Instrument 1 Location
Injection Date 05/03/2009 13:07:00 Inj

5
Acg. Method : C:\CHEM32\1\METHODS\ISOOCTANE2 8.M
Last changed 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed 06/03/2003 10:10:17 by HAFIZAH040309
(modified after loading

std testing

Method Info

3

: Vial 3

FID1 A, (BIOPETROL AIDILUSO000003.D)

PA =
&
100000
80000
- & oz
60000 by B :
2
-
40000
20000 =
oo 3 oo
& = S8R3
. e e
1 2 3 4 5
Area Percent Repo
Sorted By Signal
Multiplier = 1.0000
Dilution = 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
¥ (min] [min] [pA*s] (pa] d
e i | et e i b iR sib e I |
1 3.091 BV 0.0323 9.06525% 4.35827 0.00089
2 3.158 VB 0.0319% 5.53810 2.59981 0.00054
3 3.273 BV 0.031e 643.07440 31B.20084 . 06326
4 3.411 VW S 0.0401 1.31182e5 5,25295e4 .90413
5 3.493 V¥ S5 0.0440 1.08246e5 4.09950e4 - 64801
6 3.618 VV S5 0.0471 3.38312e5 1.19625e5 .27917
7 3.808 VV S 0.0322 1.18704e5 5.72384ed 67668
8 4.041 vV 5 0.0287 1.28919%ed4 6929.40234 1.26815
9 4.329 VBAS 0.0686 3.06438e5 5.46351e4 0.14377
10 4.500 BV T 0.0219 139.79413 102.83232 0.01375
11 4.623 YV T 0.0240 2.73089 1.772%8 0.00027
12 4,757 vv T 0.0284 1.04849 5.45%998e-1 0.00010
13 4.881 Vv T 0.0272 4.93743 2.71846 0.00049
14 4.953 VW T 0.0236 7.89074 5.23398 0.00078
Totals 1.01659%¢6 3.32391e5
Instrument 1 06/03/2009 10:12:46 HAFIZAH040309

1 of 2
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000004.D Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000005.D
Sample Name: iso 40% Sample Name: iso
i o e a Acq. Operator : HAFIZRHO40309 Seq. Line 5
ficgs Ppegator * HAFTZAHCHO30S 5eq. L?r\e . ‘4 Acq. Instrument : Instrument 1 Location : Vial 5
Acg. Instrument : Instrument 1 Location Vial 4 In ¢ . R Sk
: : . ; jection Date : 05/03/200% 13:33:55 Inj : 1
Injection Date : 05/03/2000 13:20:27 Inj 1 Inj Volume : 1 pl
) . ~Inj Volume : 1 nl Acq. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Acq. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M Last changed : 04/03/2009 15:29:08 by HAFIZAH020309
Last changed : 04/03/2009 15:29:08 by HAFIZAH020309 Analysis Method : C:\CHEM32\1\METHODS\BAASHUTDOWN.M
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M Last changed : 06/03/2009 10:10:17 HAFIZRHO4030%
Last changed : 06/03/2009 10:10:17 by HAFIZAH040309 (modified after loading)
(modified after loading) Method Info : std testing
Method Info : std testing - -
= T FID1 A, (BIOPETROL AIDILUSCD00005.0)
FID1 A, (BIOPETROL AIDILUSQ000004.0) pA &
w 140000 o
pA @
3
120000
140000 w0
100000 | 3
120000
30000
100000 @
3 60000
-
80000
1 40000
60000 -
20000 -
40000 BE% BB S5RE &
o e R = e &
20000 . 2 = g2 ani : ; . : "
" oA o vw v o
1 2 3 4 5 6 min Area Percent Report
PSSP e Sorted By : Signal
Area Percent Report Multiplier 3 1.0000
. pilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Sorted By B Signal
Multiplier : 1.0000 Signal 1: FIDL A
Dilution : 1.0000 Sl :
Use Multiplier & Dilution Factor with ISTDs Peak RetTime Type Width Ares Height Rpaa
# [min] [min] [pA*s) [pA]
== |====1 |
Signal 1: FIDLl A, 1 3.161 WV 0.0299 1595.74776 81.47421 0.01262
2 3.275 wv 0.0322  44.95275  20.B2496 0.00355
Peak RetTime Type Area Height Area 3 3.411 wv 0.0421 5759.88525 2161.11597 0.45508
$  [min] [pA*s] [pA] o 4 3.487 WV 0.0491 6227.97900 2071.55835 0.49206
N i Sy P [ (L | 5 3.627 YV S 0.0578 5.12920e5 1.48011e5 40.52475
57 3 513 1
1 3.411 vV 0.0425 7188.10352 2662.93408 0.57971 g ZDIEEET 00237 ded.679:7 220.00513: :D.03671
2 3.483 YV 0.0493 7693.18945 2470.60229 0.62044 2:084 UB T 0-039] 2820, 15013 1028 03494 (0.2934
5 : safdad S 8 3.963 BV T 0.0397 113.79153  44.74138 0.00893
3 3.635 VV S 0.0637 6.1B837e5 1.61798e5 49.90823 5 4.050 VU T 0.0775 904.96875 168.87320 0.07150
4 3.737 BV T 0.0223 683.74255 490.21985 0.05514 10  4.415 VB S 0.0977 7.35899%5 9.3673%9e4 58.14186
5 3.787 VB T 0.0319 3302.44727 1547.94653 0.26634 11 4.536 BB ¥ 0.0189 374.40848 313.17035 0.02958
6 3.964 BV T 0.0355 167.71005 73.75344 0.01353 12 4.646 BB X 0.0219 7.41775 5.44640 0.00053
7 4.043 VV T 0.0647 1147.76965 264.15341 0.09257 13 4.777 BV 0.0219 1.35838 9.96342e-1 0.00011
8 4.388 VBAS 0.0929 6.00639e5 8.06825e4 48.44058 14 4.908 WV 0.0478 1.85755 4.94767e-1 0.00015
9 4.523 BB X 0.0193 284.95493 232.21599 0.02298 15 5.371¥%  0.0386 289.34538 36,10775 0.02288
10 4.637 BB X 0.0203 5.06458 3.85664 0.00041
11 4.771 BV T 0.0199 9.86044e-1 7.72021e-1 7.952e-5 Instrument 1 06/03/2009 10:13:58 HAFIZAH040309 Page
Totals : 1.23995e6 2.50227e5
Instrument 1 06/03/2009 10:13:21 HAFIZAH040309 Page 1 of 1




Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\ISO000006.D

Sample Name:

T1.1.1%

Acq. Operator
Acq
Injection Date

Rcg. Method
Last changed

Analysis Method

Last changed

Method Infc

Instrument

HAFIZAHD40303
Instrument 1
05/03/2009 13:47:27

C:\CHEM32\1\METHODS
04/03/2009 15:29:08
C:\CHEM32\1\METHODS
06/03/2009 10:10:17

Seq. Line
Location

Inj

Inj Volume

\ISOOCTANE230108.M
by HAFIZAH020309
\B4ASHUTDOWN , M
by HAFIZAH040309

(modified after loading)
std testing

: Vial 6

FID1 A, (BIOPETROL AIDILMSO000006.D)

PA E
2
140000
120000
100000 1
8
80000 -
E
60000 =g
40000
20000 o i
25 87 IR I
. e RS g o
1 2 3 4
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
¥ [min) [min] [pA*s] [pA] %
sy | e e Rty
1 3.093 BV 0.0282 133.29796  73.27042 0.01201
2 3.157 wv 0.0289 266.46222 141.88882 0.02400
3 3.272 W 0.0321 741.33795 358.82782 0.06678
4 3.412 VW § 0.0475 1.64202e5 5.72223e4 14.79164
5 3.501 VW S 0.0533 1.58544e5 4.95630e4 14.28191
6 3.635 V¥ S 0.0593 5.44393e5 1.53106e5 49.03983
7 3.823 VW S 0.0356 1.83475e5 7.74486ed 16.52777
8 3.961 BV X 0.0213 1.90054 1.48977 0.00017
9 4.047 VBAS 0.0586 5.81330e4 9707.30078 5.23672
10 4.210 BY T 0.0219 200.78893 147.25706 0.01809
11 4.297 WV T 0.0220 8.79013 6.41761 0.00079
12 4.431 vw T 0.0214 3.0236le-1 2.28878e-1 2.724e-5
13 4.533 v T 0.0233 1.91568 1.29495 0.00017
14  4.585 VW T 0.0161 2.4117de-1 2.4907de-1 2.173e-5
15 4.626 VW T 0.0218 3.78177e-1 2.99053e-1 3.407e-5
16 4.672 VW T 0.0196 3.34797e-1 2.67816e-1 3.016e-5

Instrument 1 06/03/2009 10:20:22

HAFIZAHQ40309

Page 1

Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000007.D

sample Name: T1.1.5%
Acq. Operator : HAFIZAH040309 Seq. Line : 17
Acg. Instrument : Instrument 1 Location : Vial 7
Injection Date 05/03/2009 14:00:46 Inj : 3
Inj Volume : 1 pl
Rcq. Method C:\CHEM32\1\METHODS\ ISOOCTANE230108 .M
Last changed 04/03/2009 15:29:08 by HAFIZAH020309
Bnalysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed : 06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading)
Method Info : std testing
FID1 A, (BIOPETROL AIDIL\ISO000007 D)
o
oA 8
17500
15000
12500
10000
a2
7500 & 5
s
5000
o0 et i: =z
&= < we I ==
0 PR | Gkl -
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier H 1.0000

Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FIDl A,

Peak RetTime Type Width Area
# {min] [min] %

e e lemmlnsrmsrn e
1 2.984 BB 0.0457 0.00133
2 3.118 BV 0.0336 12.07346 5.50847 0.00948
3 3.180 WV 0.0351 23.57011 0.13725 0.01850
4 3.294 vV 0.0351 65.57320 29.36733 0.05148
5 3.427 VV S 0.0356 1.38875e4 6082.91309 10.90270
[ 3,501 VW § 0.0379 1.33316e4 5861.67627 10.46631
7 3.592 VW S 0.0354 4.31152e4 2.03141e4 33.84860
8 3.793 VB S 0.0326 1.42426e4 6753.26709 11.18148
9 4.042 BV T 0.0318 1212.18384 593.08276 0.95165
10 4.216 Vv T 0.0280 962.28625 534.31311 0.75547
11 4.303 VB T 0.0275 523.29773 298.36804 0.41083
12 4,486 BV 0.0291 8.75500e-1 4.4170le-1 0.00069
13 4,881 Vv 0.1685 35.87514 2.60789 0.02816
14 4.950 vV 0.0415 8.85238 2.91023 0.00695
15 5.647 vV 0.1866 1557.43835 101.73598 1.22270
16 6.814 UV 0.4414 3.83960ed4 1048.10193 30.14366

Instrument 1 06/03/2009 10:21:05 HAFIZAH040309

5647

Page
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000008.D
Sample Name: T1.1.10%

Acq. Operator HAFIZAH040309 8
Acq. Instrument : Instrument 1 Vial 8
Injection Date : 05/03/2009 14:14:12 301
Inj Volume : 1 pl
Acq. Method C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Last changed 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed 06/03/2009 10:10:17 by HAFIZAH040309
{modified after loading
Method Info std testing
FID1 A, (BIOPETROL AIDILUSO000008.D}
PA 3
@
140000 T
120000
100000
| §
80000 “
®
60000 — =3
1 Ld
40000
! 5
20000 S
28 S BN @S I
SEEL & RSEENEEe
i3 e e R << &
1 2 3 4 5
Area Percent Report
Sorted By 3 Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 &,
Peak RetTime Type Width Area Height Area
4 [min] [min] [ph*s] [pA] %
s | ksicas el [====25r amiae e SRS
1 2.880 BV 0.04868 4.25188 1.27996 0.00039
2 2.962 VB 0.0357 6.13244 2.57926 0.00056
a 3.095 BV 0.0280 93.71441 52.03739 0.00863
4 3.158 vv 0.0290 199.37146 105.80360 0.01837
5 3.273 wv 0.0321 658.21027 318.67599 0.06064
6 3.413 VV § 0.0460 1.53125e5 5.6199%08ed 14.65959
7 3.500 V¥ S 0.0528 1.52496e5 4.80388e4 14.04890
8 3.634 Vv S 0.0585 5.31997e5 1.51447e5 49.01035
9 3.822 Vv S 0.0354 1.81812e5 7.7523%e4 16.74964
10 3.960 BV X 0.0223 2.06502 1.54365 0.00019
bl 4.047 VBAS 0.0565 5.89473e4 1.04080ed 5.43058
2 4.209 BV X 0.0228 48.15735 33.44215 0.00444
13 4.296 VB X 0.0220 21.90062 15.94322 0.00202
14 4.427 BV T 0.0221 3.06417e-1 2.2210le-1 2.823e-5
15 4.536 VV T 0.0215 2.18874 1.54453 0.00020
16 4.582 VW T 0.0152 2.98554e-1 3.10666e-1 2.750e-5
Instrument 1 06/03/2009 10:22:14 HAFIZAH040309

Page

Data File C:\CHEM32\1\DATA\BIOPETROL AIDTL\IS0000009.D
Sample Name: T1.1.20%

Bcq. Operator HAFIZAH040309 Seq. Line
Acg. Instrument Instrument 1 Location
Injection Date 05/03/2009 14:27:38 Inj

Inj Volume
C:\CHEM32\1\METHODS\ ISOOCTANE230108 .1
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\B4ASHUTDORN .M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading)
std testing

Acg. Method
Last changed
Analysis Method
Last changed

Method Info

FID1 A, (BIOPETROL AIDIL\ISO000009.D)

PA 3
@
o
140000
120000
100000 | g
80000 ©
o
oo
60000 :rg
40000
i 2
20000 oo a3 @one
BEL | T RIiEsgm
i cieme R “~oa0
1 2 3 4
Area Percent Report
Sorted By S Signal
Multiplier : 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDl A,
Peak RetTime Type Width Area Height Area
¥ [min] [min] [pa*s] pal 3
e ol | s - = = |
1 2.962 VB 0.0347 8.16147 3.56721 0.00072
2 3.095 BV 0.0275 115.24712 65.46249 0.01023
3 3.157 wv 0.0284 245.09412 133.60754 0.02175
4 3.272 w 0.0314 505.07532 251.69547 0.04482
g 3.412 vV 8 0.0458 1.48841e5 5.28982ed 13.20696
6 3.498 Vv 5 0.0539 1.51840e5 4.69874ed 13.47305
7 3.638 VV 5 0.0598 5.68736e5 1.58509e5 50.46512
8 3.826 VV 8 0.0345 1.95501le5 B§.01087e4 17.34723
9 3.963 BV X 0.0221 2.92588 2.12042 0.00026
10 4.050 VBAS 0.0538 6.10783ed 1.16229e4 5.41961
11 4.210 BV T 0.0325 8.62381 3.65325 0.00077
1z 4.297 VW T 0.0218 15.86615 11.72554 0.00141
13 4.428 VV T 0.0229 5.3225le-1 3.47140e-1 4.723e-5
14 4.536 VW T 0.0221 2.61499 1.89401 0.00023
15 4.582 VW T 0.0168 4.09089%-1 4.06445e-1 3.630e=5
16 4.622 VW T 0.0205 5.51126e-1 4.42068e-1 4.890e-5

Instrument 1 06/03/2009 10:23:07 HAFIZAH040309

Page

1 of 2
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Data File C:\CHEM32\1\DATA\BIOPETROL ATDTL\IS0000010.D Data Pile C:\CHEM32\1\DATA\BICPETROL AIDIL\IS0000011.D
Saupls Hame: Ti.5.1% Sample Name: T1.5.5%
______ == i 11
Acqg. Operator : HAFIZAH040309 Seq. Line : 10 Acg. Operator  : HAFIZRHD40309 SE‘I- i‘lg: D yisl 11
Acq. Instrument : Instrument 1 Location : Vial 10 Acq. Instrument : Instrument 1 oo s a1
Injection Date : 05/03/2009 14:41:01 Inj : 1 Injection Date : 05/03/2009 14:54:32 Inj leu:ni 1l
Inj Volume : 1 pl o . 5
Acg. Method 1 C:\CHEM32\1\METHCDS\ISOOCTANE230108.M Acq. Method : C:\CHEM32Z\1\ I‘CDS\I'::UOCTRN_EZBE;S;!&":
Last changed 04/03/2009 15:29:08 by HAFIZAH020309 sk Shanved : 04/03/2009 15:29:08 by HAFIZAH
Analysis Method : C:\CHEM32\1\METHODS\BAASKUTDOWN.M Analysis Method : C:\CHEM32\1\METHODS\BAASHUTDOWN.M o
Last changed 06/03/2009 10:10:17 by HAFIZAH040309 ot Cianaed : 06/03/2009 10:10:17 by HAFIZAH040
(modified after loading) (modified after loading)
Method Info : std testing Method Info : std testing
FID1 A, (BIOPETROL AIDILUSO000010.D) FID1 A, (BIOPETROL AIDILUS0000011.0)
5
pA 8 pA g
140000 b ikt
120000 1 120000
100000
re) 100000 o
] ! g
80000 o “ 80000 E
s g
60000 | 2 ~
1 - 60000
40000 40000
~ g
20000 = | i o mr o e 1= -
B P omis 2oy =5l jEs: ®|E §
0 oo ' e e 9 0 &
| i 0 5 I
1 2 3 4 5 ] min 1 H 3 4
Area Percent Report Area Percent Report -
Sorted By ? Signal Sorted By : Signal
Multiplier : 1.0000 letiplier : 1.0000
Diluticn : 1.0000 BiiBtian : 1.0000
Use Multiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Signal 1: FIDL A,
Peak RetTime Type Width Area Height Peak RetTime Type Width Area Helght Rran
¥  [min] [min]  [pA*s] IpA] ¥ [min) lmin] _ [pA*s] J 5 J—.
el b=mm=] I=2= e e | e | mmmm—— | =] { g kil = 3
1 3.094 BV 0.0284 108.25428 59.1013% 0.01008 1 3.093 BV 0.0285 104.10596 56,33;;; g-gggig
2 3.157 v 0.0288 209.51051 112.24313 0,01852 3 3157w 0.0290 205.10602 108.9 3 e
3 3.272 wv 0.0319 801.15570 390.73798 0.07463 3 3,271 W 0.0322 818.87292 jgdi;; 8 Lo
4 3.412 ¥V S 0.0460 1.74750e5 6.1745ded 16.27743 1 3411 vv s 0.0461 1.77821e5 6.26,‘984 Ta-la0es
5 3.501 V¥ § 0.0528 1.60076e5 5.05371ed 14.91062 5 3.499 V¥ S 0,0528 1.62079e5 5.119:4@5 ey
6 3.636 VW S 0.0592 5.37592e5 1.51358e5 50.07504 6 3.634 YV S 0.0592 5.43306e5 1.530h7e4 Lk
7 3.823 VW § 0.0338 1.83476e5 7.69596ed 17.09026 7 3.822 WV § 0.0351 1.85402e5 7.70595341 B
8 3.961 BV X 0.0226 2.21608 1.63392  0.00021 8 3.960 BV X 0.0214 1.86048 1.4 1. Qb
9 4.047 VB'S 0.0246 1.63591led 1.02688ed  1.52380 9 4.046 VBAS 0.0577 5.86102ed 1.04053?9: 2l
10 4.210 BV X 0.0379 5.24352 1.86032 0.00049 10  4.208 BV X 0.0408 4.34978 1132374 e
11 4.296 VB T 0.0219 8.76376 6.41363 0.00082 11 4.29%4 VB X 0.0208 11.10328 8.22 T4 D008
12 4.429 BV 0.0251 4.16123e-1 2.53634e-1 3.876e-5 12 4.422 BB T 0.0233 3.13527e-1 2'2408“243 o
13 4.536 vV 0.0377 5.84508 2.15199 0.00054 13 4.860 VV T 0.0451  26.59446 7.:5111 0. O0pss
14 4.865 vV 0.0507  35.82047 9.34520 0.00334 14 4,932 wW T 0.0214 9.90832 1.;;010 9-9008%
15 4.936 vV 0.0308 23.78963  11.20888 0.00222 15 5.014 W T 0.0232 2.25470 1.58494 e
16 5.024 vv 0.0460  18.78940 5.62051 0.00175 16 5.157 VW T 0.0247 24.64126  14. 0021
Page 1 of 2
Instrument 1 06/03/2009 10:24:30 HAFIZAH040309 Page 1 of 2 Tnstrument 1 06/03/2009 10:26:07 HAFIZAH040309




Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000012.D
Sample Name: T1.5.10%

Acg. Operator :
Acqg. Instrument
Injection Date

HAFIZAH040309
Instrument 1
05/03/2009 15:07:57

Locat

Inj Volume

Acg. Method
Last changed
Analysis Method
Last changed

C:\CHEM32\1\METHCDS\ISOOCTANE230108.M
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading

std testing

Method Info

Seq. Li
ion

Inj

FID1 A, (BIOPETROL AIDILUS0000012.D)

pA &
140000 T
120000
100000
£
80000 | =
| s
e
60000 s
&
40000
20000 R 3
| i creeme @ ¥ -
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution E 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
| lz=== ! == I |
2.880 BV 0.0458 3.12846 9.9155%e-1 0.00032
2.961 VB 0.0355 3.959450 1.69194 0.00040
3.094 BV 0.0289 67.85860 36.20613 0.00686
3.157 W 0.0306 145.29897 75.08217 0.01469
3.271 W 0.0333 747.79108 359.53134 0.07559
3.410 VW S 0.0464 1.63366e5 5.87B6led 16.51350
3.497 V¥ S 0.0512 1.47915e5 4.8193led 14.95169
3.629 VV S 0.0553 4,92763e5 1.48443e5 49.80989
3.817 VWV 8 0.0343 1.68684e5 7.4B016ed 17.05108
3.956 BV ¥ 0.0220 1.81251 1.37079 0.00018
4.042 VB S 0.0242 1.55343e4 9967.78125 1.57026
4.186 BV ¥ 0.0508 4.25486 1.06174 0.00043
4,291 VB X 0.0214 13.16291 9.36365 0.00133
4.859 vV 0.0461 19.39380 5.51111 0.00196
4.928 VV 0.0273 18.02749 9.43863 0.00182
Instrument 1 06/03/2009 10:26:46 HAFIZAH040302 Page

Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0C00013.D
Sample Name: T1.5.20%
Acg. Operator HAFIZAH040309 Seq. Line : 13
Acg. Instrument : Instrument 1 Location : Vial 13
Injection Date : 05/03/2003 15:21:22 Inj 1
Inj Volume : 1 pl
Acg. Method €:\CHEM32\1\METHODS\IS00CTANEZ30108 .4
Last changed : 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed : 06/03/2009 10:10:17 by HAFIZAHO40309
(modified after loading)
Method Info std testing
FID1 A, (BIOPETROL AIDILISO000013.0)
pA 2
&
3500 T
3000
2500
2000 |
8
1500 = 2
o o
1000
2
| &
500 Sy S uT g
=5 3 3
Pt I8 8
e T«
0 2 1Y ¥
min 1 2 3 4 5
Area Percent Report
Sorted By ] Signal
Multiplier 1 1.0000
Dilution ¢ 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height
# [min] [pA*s] [pA]
""""" |====|m=mm=== | == —mmmmo [ mmmmmmmmm [ mmmm e
1 3.121 BV 0.0295 1.95024 1.01039 0.01273
2 3.184 VB 0,0298 3.45018 1.76415 0.02253
3 3.297 BB 0.0297 12.7151% 6.82095 0.08302
4 3.429 BV 0.0304 2596.62646 1352.36682 16.95355
5 3.503 WV 0.0288 2268.87061 1212.40210 14.81361
6 3.589 VB S 0.0282 6848.22314 3761.33643 44.71250
7 3.791 BB T 0.0289 2259.83534 1203.83728 14.75462
8 4.040 BB 0.0294 204.48073 111.36008 1.33507
9 4.211 BV 0.0310 9.67711le-1 4.9004le-1 0.00632
10  4.299 VB 0.0256 641.05206 402.81232 4.18547
11 4.534 BB 0.0331 5.98753e-1 2.66073e-1 0.00391
12 6.840 VV 0.0415 365.18643 127.24462 2.38433
13 6.939 VV 0.0436 B8.25671 28.96286 0.57623
14 6.979 W 0.0224 23.91082 17.01716 0.15612
Totals : 1.5316led 8227.69327
Lot 2 Instrument 1 06/03/2009 10:27:32 HAFIZAH040303
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000014.D

Sample Name: T1.10.1%
Acq. Operator HAFIZAH040309 Seq. Line : 14
Acq. Instrument Instrument 1 Location : Vial 14
Injection Date 05/03/2009 15:34:49 Inj : 1
Inj Volume : 1 pl
Acq. Method :\CHEM32\1\METHODS\ISO0CTANE230108.M
Last changed 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed 06/03/2009 10:10:17 by HAFIZAH040309
{modified after loading)
Method Info : std testing
FIDT A, (BIOPETROL AIDILISC000014.D)
pA &
140000 »
120000 -
100000
o
80000 o
| =
{ a |
| e0000- =
| -
40000
P
#en S v ome
Y@ I s
i TR OB =8
! ! R ]
| o — = . A
- I | 2 3 4 5
Area Percent Report
Sorted By 2 Signal
Multiplier 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL A,
Peak RetTime Type Width Area Height Area
4 [min) [min] [pA*s] (pA] §
et e [ i it iiny | et s =1
1 2.882 BV 0.0485 2.36649 7.16720e-1 0.00026
2 2.963 VB 0.0340 8.02159 3.59973 0.00089
3 3.095 BV 0.0285 113.43409 61.65134 0.01254
4 3.158 WV 0.0295 227.55043 118.06950 0.02516
5 3.271 WV 0.0336 642.68671 305.14551 0.07106
6 3.409 WV S 0.0449 1,41990e5 5.20005e4 15.69994
7 3.493 VV S 0.0504 1.35166e5 4.46947e4 14.94547
8 3.625 YV S 0.0530 4.58450e5 1.44286e5 50.69133
9 3.813 V¥ 5 0.0339 1.54184e5 6.95530e4 17.04830
10 4.038 VB S 0.0251 1.31418e4 8482.30664 1.45311
11 4.181 BV X 0.0281 1.36171 6.88056e-1 0.00015
12 4.228 Vv X 0.0222 1.05437 7.16423e-1 0.00012
13 4,208 vB X 0.0218 8.15622 5.64875 0.00090
14 4.524 BV 0.0281 2.42519 1.28211 0.00027
15 4.810 WV 0.0590  14.69573 3.23416 0.00162
16 4.853 Vv 0.0320 10.76204 4.83031 0.0011%
Instrument 1 06/03/2009 10:28:51 HAFIZAR040309

5.147

15745

Page
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000015.D
Sample Name: T1.10.5%

Acqg. Operator : HAFIZAH040309 Seq. Line
Acqg. Instrument : Instrument 1 Locaticn
Injection Date : 05/03/2009 15:48:12 Inj

Inj Volume

Acg. Method
Last changed
Analysis Method
Last changed

C:\CHEM3Z\1\METHODS\ISOOCTANE230108 .M
04/03/2009 15:29:08 by HA AH020309
C:\CHEM3Z\1\METHODS\B4ASHUTDOWN , 1
06/03/2009 10:10:17 by HAFIZRAH040309
(modified after loading
std testing

Method Info

| FID1 A, (BIOPETROL AIDILUSO000015.D)

PA 3
3
35000 =
30000
25000
20000
15000 ol B
§§ ©
L
10000 i
5000 | @
| w0 e @ ot wo
| 22z iR B
0 ceme =T < =
|
| 1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL A,
Peak RetTime Type Width Area Height Area
¢ [min] [min] [pA*s] [pA] *
s==af e | |
1 2.985 BB 0.0475 2.29917 7.35178e-1 0.00133
2 3.116 BV 0.0352  19.82406 8.81682 0.01145
3 3.179 W 0.0369 40.37108 16.89429 0.02332
4 3.291 W 0.0357 123.14336 53.71538 0.07113
LY 3.424 vV 5 0.0367 2.65549e4 1.11922e4 15.33922
6 3.499 V¥V 5 0.0396 2.53046e4 1.06592e4 14.61701
7 3.594 Vv S 0.0362 8.12842ed4 3.74253e4 46.95318
8 3.791 VB 5 0.0322 2.74589%4 1.32540e4 15.86141
9  4.036 BV T 0.0315 2418.61621 1201.74719 1.39709
10 4.206 V¥ T 0.0288 3.21647 1.72259 0.00186
11 4.292 VB T 0.0270 810.45337 473.09851 0.46815
12 4.529 BB 0.0328 9.85022e-1 4.45394e-1 0.00057
13 4.858 BY 0.0370 1.18737 4.77501le-1 0.00069
14 4.926 W 0.0215 1.06375 8.0135le-1 0.00061
15  6.619 VV 0.2274 9093.83984 474.91040 5.25298
Instrument 1 06/03/2009 10:29:45 HAFIZAH040309
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- " Data File C:\CHEM32\1\DATA\BICPETROL AIDIL\IS0000017.D
Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000016.D Sample Name: T1.10.20%
Sample Name: T1.10.10% e =
= - e RAcq. Operator : HAFIZAH040309 Seq. Line : 17
Acq. Operator ¢ HAFIZAH040309 Seq. Line Acg. Instrument : Instrument 1 Location : Vial 17
Acq. Instrument : Instrument 1 Location Injection Date : 05/03/2009 16:15:10 Inj : 1
Injection Date : 05/03/2009 16:01:46 Inj Inj Volume : 1 nl
Inj Volume Acqg. Method 1 C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Acq. Method + C:\CHEM32\1\METHODS\ISOOCTANE230108.M Last changed : 04/03/2009 15:29:08 by HAFIZAH020309
Last changed : 04/03/2009 15:29:08 by HAFIZAH020309 Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M Last changed : 06/03/2009 10:10:17 by HAFIZAH040309
Last changed : 06/03/2009 10:10:17 by HAFIZAH040309 (modified after loading)
(modified after loading) Method Info std testing
Method Info : std testing
FID1 A, (BIOPETROL AIDILISO000017.0)
FID1 A, (BIOPETROL AIDILVISG000016,D) &
A = ehd @
s 2 140000 @
140000 -
| 120000
120000
| 100000 |
100000
] 1 o
d 80000 -
80000 I g =
2 @ o
2
1 - 60000 =
60000 3 | &
T 40000
40000
& 20000 - [ —
20000 g & oY EYRLIRT IS
LSS 2T RS %R 2 & 3 i oo L o Ye e ee e ©
" = || 0 Y e o < P j
1 2 3 4 5 6
1 2 3 4 5 [ min
. ‘ 2 S Area Percent Report
Ares Percent Regort, LR e ===
" Sorted By £ Signal
Sorted By Signal Multiplier : 1.0000
Multiplier 1.0000 Dilution : 1.0000
Dilution : 1.0000 Use Multiplier & Dilution Factor with ISTDs
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL A,
Signal 1: FIDI A,
Peak RetTime Type Width Area Height Area
Peak RetTime Type Width Area Height Area 4 [min] [min] [pA*s] [pA] %
#  [min] [min]  [pA*s] [pa] $ M il jmmmmfmmmmm e T - A S T |
e lz===] |== = | 1 3.095 BV 0.0284 53.14019  28.94799 0.00554
1 3.094 BY 0.0285 31.56574  17.10053 0.00318 2 3.157 ¥V 0.0292 110.84868 58.18723 0.01157
2 3.157 WV 0.0302  65.16989  34.30521 0.00656 3 3.271 W 0.0319 732.13452 357.05182 0.07639
3 3.270 w 0.0320 1766.67725 372.56781 0.07715 4  3.409 VV S 0.0445 1.61329e5 5.97924e4 16.83260
4 3.409 YV S 0.0447 1.67370e5 6.16942e4 16.84257 5 3.495 VV S 0.0490 1.42466e5 4.84155e4 14.86458
5 3.494 YV 8 0.0495 1.43450e5 4.83243e4 14.43553 6 3.625 VV S 0.0535 4.70832e5 1.46732e5 49.12546
6 3.624 VV 8 0.0531 4.66907e5 1.46586e5 46.98526 7 3.812 YV S 0.0331 1.63283e5 7.2979%4ed 17.03655
7 3.812 WV S 0.0330 1.63305e5 7.33723ed 16.43358 8 3.951 BV X 0.0217 2.26463 1.67838 0.00024
8 3.952 BV X 0.0209 2.41477 1.77040 0.00024 9  4.036 VBAS 0.0282 1.95637e4 1.02625e4  2.04185
9 4.038 VB 5 0.0240 1.6780led 1.08750ed  1.68860 10 4.178 BV T 0.0185 7.60927e-1 6.57548e-1 7.93%e-5
10 4.178 BV X 0.0269 1.82576 9.7137%e-1 0.00018 11 4.282 VV T 0.0223 9.72551 6.97555 0.00101
11 4.225 VW X 0.0240 1.65030 1.07100 0.00017 12 4,393 UV T 0.0230 3.29086e-1 2.1285%-1 3.434de-5
12 4.283 VW T 0.0223 11,3169 8.10028 0.00114 13 4,516 VV T 0.0232 1.82453 1.24090 0.00019
13 4.396 VB T 0.0225 3.16958e-1 2.11183e-1 3.190e-5 14 4.604 VV T 0.0186 3.3921le-1 2.90576e-1 3.53%e-5
14 4.605 v 0.0269 9.47915e-1 5,28355e-1 9.539e-5 15 4.718 VvV T 0.0237 5.58B98e-1 3.9103le-1 5.83le-5
15  4.650 Vv 0.0262 1.01563 5.59118e-1 0.00010 16 4,771 v T 0.0201 1.12981 9.37753e-1 0.00012
16 4.721 Vv 0.0492 3.24108 §.95572e-1 0.00033
Instrument 1 06/03/2009 10:32:07 HAFIZAH040309 Page 1 of 2
Instrument 1 06/03/2009 10:31:15 HAFIZAH040309 Page 1 of 2




Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\ISQ000018.D Data File C: \CHEMJZ\I\DATA\BIOPETRGL AIDILAIS0000019.D
Sample Name: T1.20.1% Sample Name: T1.20.
Acq. Operator  : HAFIZAH040309 Seq. Line : 1 Acq. Operator  : HAFIZAH040309 Seq. Line
Acq. Instrument : Instrument 1 Location : Vial 18 Acq. Instrument : Instrument 1 Location
Injection Date : 05/03/2009 16:28:37 Ing : 1 Injection Date : 05/03/2009 16:42:04 Inj
Inj Volume : 1 pl L Inj Volume
Acq. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M Acq. Methed : C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Last changed : 04/03/2009 15:29:08 by HAFIZAH020309 Last changed : 04/03/2009 15:29:08 by HAFIZAH0Z0309
Analysis Method : C:\CHEM32\1\METHODS\SAZWANI2.M Analysis Method : C:\CHEM32\1\METHODS\SAZWANIZ.M
Last changed . 17,03,(0@9 12:03:11 by wani 160309 Last changed : 17/03/2009 12:03:11 by wani 160309
ified after loading) (modified after loading)
FIDT A, (Q\OPETROL AIDILUS0000018.0) FID1 A, (BIOPETROL AIDILVS0000018.0)
PA = pA g
3
& 140000 L
140000
120000 120000
100000 1200do
—_— = 80000 2
- =
50000 60000
& &
o =
40000 Lo 40000 d
20000 8 20000 3
g/ IT 8 2 =P g 5 TO§ 5 IBESER I
0 LA @ % % Ywwww o oo ) e ¥ < <wewws oo
1 2 3 4 5 ] min 1 2 3 4 5 6
Area Percent Report Area Percent Report
Sorted By 2 Slgna}_ Sorted By : Signal
Multiplier : 1.0000 Multiplier : 1.0000
Dilution 1 0000 Dilution : L0000
Use Multiplier & D1lutmn Factor with ISTDs Use Multiplier & DlLuthn Fart')r with ISTDs
Signal 1: FID1 &, Signal 1: FIDL A,
Peak RetTime Type Width Area Height Area Peak Ret?ime Type Width Area Height Area
4 [min] [min] [pA*s 8 [min] [p2] §
e a e [===mfmmmmsne e wininir | mmmmmmmeee | I O
1 3.270 W 0.0318 341.84720 0. 81.11175 42.92131 0. 09933
2 3.408 VV § 0.0435 1.18595e5 3.157 wv 0.0318 165.59503  81.28857 0.01304
3 3.491 VW § 0.0511 1.25809e5 3.270 v 0.0349 340,68219 153.54451 0.03918
4 3,624 VW § 0.0548 4.96643e5 3.405 Vv 5 0.0467 1.14226e5 4.07866e4 13.13600
5 3.812 VW § 0.0345 1.72256e5 3.485 VvV S 0.0525 1.18520e5 3.7598led 13.62982
6 3.951 BV X 0.0224 3.14322 2. 3.620 UV § 0.0518 4.5832%e5 1.4752%e5 52.70774
7 4,036 VB S 0.0244 1.77904ed4 1.12871ed  1.90849 3.808 Vv S 0.0325 1.60022e5 7.31360e4 18.40257
8 4.280 BB 0.0218 11.94946 .80497 0.00128 4.033 VB S 0.0245 1.69130e4 1.0655led  1.94499
9 4.515 BB 0.0290 3.79789 .92885 0.00041 4.278 BB 0.0229  12,07978 8.35263 0.00139
10 4.761 BB 0.0300 3.55714 .72913  0.00038 4.512 BB 0.0304 3.39758 1.62472 0.00039
11 4.841 BV 0.0267  13.35757 .54254  0.00143 4.748 BB 0.0246 2.14823 1.35004 0.00025
12 4.908 VB 0.0257 22.76425 13.50527 0.00244 4.838 BV 0.0254  10.11414 €.08144 0.00116
13 4.989 BV 0.0366 6.53461 2.66250 0.00070 4.304 VB 0.0243  17.69583  11.26389 0.00204
14 5.096 vV 0.0290  30.08649 14.60117 0.00323 4.386 BV 0.0257 2.17265 1.35568 0.00025
Instrument 1 17/03/2000 12:19:23 wani 160306 Page 1 of 2 Instrument 1 17/03/2009 12:19:55 wani 160309 Page 1 of 2




Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000020.D

Sample Name: T1.20.10%
Acq. Operator HAFTZAH040309 Seq. Line 20
Acq. Instrument Instrument 1 Location vial 20
Injection Date 05/03/200% 16:55:27 Inj i
Inj Volume 1pl
Acg. Method C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Last changed 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed 06/03/2009 10:10:17 by H2 1040309
(modified after loading
Methed Info std testing
1A, (BIOPETROL AIDILMSO000020.D}
<
pA 3
-
140000
120000
100000 _
o
80000 o)
=
60000 2o
o
=
40000
3
2o = ¥ ORE T IR
25 & TRG 5 INEE
§ o | o wee e wvuesons
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution £ 1.0000
Use Multiplier & Dilution Facter with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] % ‘
e D [=mmmmmmmee B
1 3.094 BY 0.0283  65.07056  35.59531 0.0065%
2 3.157 W 0.0294 136.61954 1.27464 0.01384
3 3.270 v 0.0321 383.67505 185.61118 0.03886
4 3.408 WV S 0.0452 1.31470e5 4.75665e4 13.31608
5 3.492 v 5 0.0523 1.32666e5 4.2296Bed4 13.43722
6 3.624 VV S 0.0565 5.17886e5 1.52687e5 52.45455
7 3.811 V¥V 5 0.0353 1.82940e5 7.83088e4 18.52927
8 3.949 BV X 0.0220 3.61199 2.6361 0.00037
9 4.035 VB § 0.0247 2.03688e4 1.27052ed 2.06307
10 4.173 BV X 0.0218 2.01324 1.39984 0.00020
i 4.277 v T 0.0220 15.79941 11.49511 0.00160
12 4.379 VB T 0.0222 5.3318le-1 3,61031e-1 5.400e-5
13 4.511 BV 0.0294 4.66319 2.32951 0.00047
14 4.641 VV 0.0365 2.17244 8.04867e-1 0.00022
15 4.735 VV 0.0385 7.25413 2.60641 0.00073
& 4.835 VvV 0.0322 20.10062 8.95141 0.00204
Instrument 1 06/03/2009 10:33:11 HAFIZAH040309
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000021.D
Sample Name: T1.20.20%

Acq. Operator : HAFIZAH040309 Seg. Line : 21
Acq. Instrument Instrument 1 Location : Vial 2
Injection Date 05/03/2009 17:08:57 Inj : 1

Acqg. Method
Last changed
Analysis Method
Last changed

Method Info 3

Inj Volume : 1 pl
C:\CHEM32\1\METHODS\ISOOCTANE230108.M
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM3Z\1\METHODS\BAASHUTDOWN . M

06/03/2009 10:10:17 by HAFIZAH040309

(modified after loading)

std testing

FID1 A, (BIOPETROL AIDILMSO000021.D)

PA
140000 i
120000
100000
80000
60000
40000
20000

0

3627

-3.813

an
3.268
3948

4.035
448
4.376
4568
4.723

5.566
15702
5.864

~
o
@

Area Percent Report

Sorted By
Multiplier
Dilution

Signal
1.0000
: 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FID1 A,
Peak RetTime Type
4 [min]

3

3.491 v
3.627 VV
3.813 vV
3.948 BY
9 4.035 VBA,
10 4.173 BV
11 4.218 vv
12 4.276 VV
13 4.376 VV
14 4.554 WV
15 4.595 vV
16 4.723 W

HMHHaSEabhXnnan

Instrument 1 06/03/2009 10:34:26

Width Height Area
[min] [pR] %
—————— e bt
0.0283 108.63097 59.54171 0.01006
0.0292 223.80449 117.54181 0.02072
0.0331 396.36624 191.58871 0.03669
0.0459 1.36925e5 4.85441ed 12.67531
0.0543 1.44593e5 4.43945e4 13.38511
0.0597 5.71912e5 1.59735e5 52.94257
0.0365 1.99134e5 8.16141e4 18.43409
0.0220 3.48847 2.54516 0.00032
0.0304 2.68104e4 1.27852ed  2.48187
0.0175 1.03498 0.00010
0.0208 1.43379 0.00018
0.0208  15.20969  11.20640 0.00141

0.0209 5.23142e-1 3.84895e-1 4.843e-5
0.0157 4.74247e-1 5.16499e-1 4.390e-5
0.0178 5.3686Be~1 4.90815e-1 4.970e-5
0.0410 8.06994 2.61247 0.00075

HAFIZAHO040309 Page 1 of

90



Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0Q0002Z.D

Sample Name: T2.1.1%
Acq. Operator HAFIZAH040309 Seq, Line ; 22
Acq. Iastrument Instrument 1 Location vial 22
Injection Date 05/03/2009 17:22:23 Inj 1

Inj Volume : 1 pl
C:\CHEM32\1\METHODS\1SOOCTANE230108.4
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\B4ASHUTDOWN .M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading
std testing

Rcq. Method .
Last changed
Analysis Method :
Last changed

Method Info

FID1 A, (BIOPETROL AIDILUSO000022.0)

i o
PA 8
=
| 140000
| 1
| 120000 {
100000 =
=
80000 |
60000
| &
[ 40000 g
I 3
20000 O 0o w¥ oMo e rowe
HEL 3 555 BEYSS
v cmiemn || o wew v e ueee
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL A,
Peak RetTime Type Width Area Height Area
# [min] [min] [ph*s] [pA] $
e o e el (s eSSt e
1 2.883 BV 0.0456  13.99694 4.2287% 0.00134
2 2.961 WV 0.0400 9.76121 3.67374 0.00094
3 3.003 wv 0.0285 55.52941  30.08424 0.00533
4 3.155 WV 0.0297 133.51540 8.67217 0.01281
5 3.269 WV 0.0325 278.38%10 132.77515 0.02671
6 3.405 VW S 0.0452 1,10155e5 3.99288e4 10.56788
7 3.489 YV S 0.0537 1.22740e5 3.81064ed 11.77521
8 3.623 vW S 0.0578 5.4996Be5 1.58620e5 52.76186
3 3.810 VV S 0.0347 1.97797¢5 8.33607ed 18.97596
10 3.946 BV X 0.0207 5.13639 3.82747 0.00049
11 4.034 VBAS 0.0524 6.08845e4 1.5240le4  5.84103
12 4.170 BV T 0.01%90 1.84515 1.64997 0.00018
13 4.215 VW T 0.0223 3.69589 2.65072 0.00035
14 4.273 VvV T 0.0220 25.86055 18.91501 0.00248
15  4.370 Vv T 0.0216 1.05389 7.90078e-1 0.00010
16 4.592 VV T 0.0182 1.09682 9.70645e-1 0.00011

Instrument 1 06/03/2009 10:36:42 HAFIZAHO40309

5.881

6.083

Page

1of 2

Data File C:\CHEM32\1\DATA\BICPETROL AIDI
Sanpis Nuser Ra Nk I AIDILAISC000023.D

HAFIZAK040309

Acq. Operator

Seq. Line

Acq. Instrument Instrument 1
T Locati
Injection Date 05/03/2009 17:35:49 . at;g;
Inj Volume

Acg. Method
Last changed
Analysis Method
Last changed

2 C:\CHEM32\1\METHODS\ISOOCTANEZSDJ08 M
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\ B4ASHUTDOWN , M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading)

Method Info std testing

FID1 A, (BICPETROL AIDILUSOD00023 )
pA |

@
140000
| 120000
100000 =
| 1 =
80000 T
60000 |
5
2
. 40000 T
/ @
20000 &
| s =Y ers oy
, g2 I ==
cnm @ e <
1 2 3 4 5

Area Percent Report

Sorted By

Signal
Multiplier 313000
Diluticn 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FID1 A,
Peak RetTime Type Area
¥ ; [min] [pAa*s]
----------- Lt e e S | =
1 3.092 BV 0.0283  92.94307  50.81700 51
2 3.154 vv 0.0293 212.71216 111.04233 g:gggjé
3 3.267 vV 0.0322 302.99173 145.94734 0.02775
4 3.404 Vv 5 0.0469 1.20357e5 4.26408e4 11.02505
5 3.489 WV 5§ 0.0551 1.33861e5 4.04852e4 12.26205
6 3.625 W S 0.0608 5.87540e5 1.61107e5 53.82038
7 3.812 W 5 0.0390 2.11640e5 8.52257e4 19.38684
8 3.947 BV X 0.0209 5.91958 4.34415 0.0005¢
9 4.035 VBAS 0.0334 3.72500e4 1.63751e4 3.4(226
10 4.169 BV T 0.0174 1.90365 1.78588 0.00017
1} 4.213 vV T 0.0224 4.16800 2.95893 0 UDDEG
12 4.271 VW T 0.0207 29.85582 22.13622 0.00273
13 4.364 VW T 0.0212 1.14221 8.79325e-1 0‘000'6
14 4.824 WV T 0.0242 33.32099 21.30340 0:03365
15 4.888 VW T 0.0224 45.39119 32.34345 0.00418
16 4.968 VW T 0.0264 B.34420 5.01346 0.00076

Instrument 1 06/03/2009 10:37:34 HAFIZAH040309

|5.857
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000024.D

Sample Name: T2.1.10%
Acq. Operator  : HAFIZAH040309 Seq. Line 24
Acqg. Instrument Instrument 1 Location Vial 24
Injection Date 05/03/2009 17:49:18 Inj 1
Inj Volume : 1 pl

Acq. Method
Last changed
Analysis Method
Last changed

C:\CHEM32\1\METHODS\ISQOOCTANE230108 .M
04/03/2009 15:29:08 by HAFIZAH0Z0309
C:\CHEM32\1\METHODS\B4ASHUTDOWN . M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading)

std testing

Method Info H

FID1 A, (BIOPETROL AIDILNS0000024.D)

pA i
140000 ’f
120000
100000
80000 2

-

60000
40000 %

i g

20000 =

B TomIEEEESY

5 me L SN IN T Gm s fee

1 2 3 4 5 6
Area Percent Report
Sorted By i 8ignal
Multiplier : 1.0000
Dilution § 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
¢ [min] [min]  [pA*s) [pA] 5
il i g e (ol e tto e b b bt =

1 3.094 wv 0.0282 38.31516 20.15680 0.00469
2 3.155 wv 0.0320 94.77142 44.16801 0.01160
3 3.267 vV 0.0327 256.84763 116.59962 0.03144
4 3.401 WV § 0.0383 9.47492e4 3.54820ed 11.59630
5 3.479 VW S 0.0488 1.01497e5 3.46658ed 12,42222
6 3.613 VW S 0.0508 4.33391e5 1.42065e5 53.04247
7 3.800 Vv 5 0.0312 1,58292e5 . 7.32112%e4 19.37332
8 4.026 VBAS 0.0310 2.85077e4 1.31962e4  3.46697
3 4.161 BV T 0.0155 9.26116e-1 9.38774e-1 0.00011
10 4.267 VV T 0.0235 22.81896 15.17082 0.00279
11 4.355 VV T 0.0244 3.9639%e-1 2.51334de-1 4.852e-5
12 4.499 VW T 0.0182 2.57605 2.45353  0.00032
1 4.632 VW T 0.0314 1.24937 6.80044e-1 0.00015
14 4.686 VV T 0.0288 5.80125 3.24999 0.00071
15 4.820 VW T 0.0285 28.57096 15.48277 0.00350
16 4.884 YV T 0.0257 36.30236 22.60817 0.00444

Instrument 1 06/03/2009 10:39:15 HAFIZAH040309

Page

1 of 2

Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000025.D

Sample Name: T2.1.20%
Acq. Operator HAFIZAHD40309 Seq. Line 25
Acq. Instrument : Instrument 1 Location : Vial 25
Injection Date 05/03/2009 18:02:46 Inj 1
Inj Volume : 1 pl
Rcq. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Last changed : 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Methoed : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed 06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading)
Method Info : std testing
FID1 A, (BIOPETROL AIDILVIS0O000025.D)
oA =
o
=
140000
120000
100000 .
2
80000 T
60000 8
| 40000 i
/ | s
[ | ]
20000 :
i e | o Suve v wwwad o
1 2 3 4 5
Area Percent Report
Sorted By £ Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] t
R e [====[=mmmmmm |=mmommmmee | |mommenas
& 3.092 BV 0.0283 71.38947 39.03011 0.00743
2 3.153 Vv 0.0295 168.04764  87.20948 0.01749
3 3.266 WV 0.0321 274.01300 132.40955 0.02852
4 3.402 YV S 0.0433 1.0757%5 4.01448e4 11.19620
5 3.485 VW S 0.0514 1.17736e5 3.81487e4 12.25330
6 3.617 VW S 0.0562 5.14418e5 1.52534e5 53.53782
7 3.803 VV S 0.0331 1.86275e5 8.02918e4 19.38652
8 3.940 BV X 0.0220 5.19649 3.78090 0.00054
9 4.027 VBAS 0.0324 3.40478e4 1.49340e4  3.54351
10 4.162 BV T 0.0174 1.62772 1.53542  0.00017
11 4,264 VW T 0.0218 28.21566 20.87710 0.00294
12 4.350 VW T 0.0222 1.05512 7.59740e-1 0.00011
13 4.448 VW T 0.0179 8.70465e-1 7.84362e-1 9.059e-5
14  4.581 VW T 0.0193 1.06793 9.39980e-1 0.00011
15 4.815 VW T 0.0266 37.28273 21.10032 -0.00388
16 4.879 VW T 0.0234  43.35909 29.06238 0.00451
Instrument 1 06/03/2009 10:40:39 HAFIZAH040309

5435
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4 A 1\DATA\BICPETROL AIDIL\IS0000027.D
Data rile C:\CHEM]Z\]\DRTA\BIOPETRDL AIDIL\ISO000026.D Dz;;pi‘;l:aﬁa\cgglfg?g%\ »
Sample Name: T2,5.1% h pis a— e
s = == ARcg. Operator : HAFTZAH040300 Seq. Line : 27
Acq. Operator  : HAFIZAH040309 Seg. Line : 26 Acq. Instrument : Instrument 1 Location : Vial 27
Acq. Instrument : Instrument 1 Location : Vial 26 Injection Date : 05/03/2009 18:29:49 Inj : 1
Injection Date : 05/03/2009 16:16:21 Inj : 1 Inj Volume : 1 pl
Inj Volume : 1 pl Acg. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Acg. Method  C:\CHEM32\1\METHODS\ISOOCTANE230108 .M Last changed 04/03/2009 15:29:08 by HAFIZAH020309 =
Last changed  : 04/03/2009 15:29:08 hy HAFIZAH020300 Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN M
Bnalysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M Last changed  : 06/03/2009 10:10:17 by HAFIZAH040309
Last changed . 06/03/2008 10:10:17 by HAFIZAH040309 / (modified after loading)
(modified after loading) i 3 i
Method Info + std testing N Method Info : std testing
FID1 A, (BIOPETROL AIDILUS0000027.D)
FID1 A, (EIOPETRDLND\UISUUBOOZE D) et
pA %
PA o 2
160000 - 140000
140000 | 120000
120000 | 100000 =
2
100000 z 1 B
| = 80000 -
80000 2 1 S
[ hes 60000 | o2
60000 3 | B
40000
| 40000 1 o8
2 20000 o wamn nT rom —vo mmen e e
20000 R Sgeve g EEEES e §88 | B I Emgsmmmacs
| | 8 S ERI 83 N UIR 2 sNepall] L5 &8 B S mr o
N e | ® ¥ wY 9w 66 Sae o 0
1 2 3 4 5 &
1 2 3 4 5 6 min
; h Area Percent Report
Area Percent Report = e
ed B signal
Sorted By : Signal Sﬁﬁipugr ] 1.0000
Muitiplier : 1.0000 ATrEs ] 10000
Dilution : 1.0000 ipli tion Factor with ISTDs
Use Multiplier & Dilution Factor with 1STDs UnesMulriplie wobLdn
Signal 1: FID1 A, Sfgnal i tELPL Ay
i Peak RetTime Type Width Area Height Area
width Area Area 1 iuina) [min]  [pA*s) [pa] 2
[min]  [pA*s] 3 R R TR i e (o S . |
"""" e pele o bty aqg rzoemsl 1 2.960 VB 0.0353  7.96071  3.33396 0.00078
1 3.0879v  0.0314 160.12686 76, 0.01252 2 3.091 BV  0.0284 76.98454 41.36570 0.00755
2 3150 W 0.0285 259.00012 140.25568 0.02030 33,153 VW 0.0292 157.06933  82.44175 0.01541
3 3.262 W 0.0317 868.68201 428.08853 0.07008 4 3.265 Vv 0.0331 635.99371 308.03903 0.06240
4 3.400 WV S 0.0494 1.34093e5 6.58329ed 15.65917 5 3.401 VvV § 0.0451 1.55997e5 5.66383e4 15.30573
5 3.4BT VU S 0.0561 1.80417e5 5.35628e4 14.55586 6 3.487 Vv S 0.0516 1.45579e5 4.70506ed 14.28359
§ 3.627 Vv s 0.0617 6.27391e5 1.89377e5 50.51719 7 3.616 W S 0.0564 5.16659e5 1.52711e5 5069221
7 3.810 VW 5 0.0358 2.15333e5 B8.73310ed 17.3728¢ 8 3.801 UV S 0.0357 1.80168e5 7.87582e4 17.67722
8 3.942 BY X 0.0205 3.03015  2.27528 0.00024 9 3.937 BV X 0.0205 2.79692 2.10172  0.00027
2 4.026 VEAS 0.0262 2.08659ed 1.2624%4 1.68344 10 4.022 VBAS 0.0264 1.9797led 1.18712e4  1.94240
10 4.164 BY T 0.0176 9.72512e-1 9.03891e-1 7,8468-5 11 4,201 W T 0.0242 1.70194 1.15559  0.00017
11 4.265 w7 T 0.0203 11,72792  8.31742 0.00095 12 4.260 YV T 0.0216 11,70485  8.74394 0.00115
12 4.348 WV T 0.0197 3.97407e-1 3.15726e-1 3.206e-5 13 4.341 YV T 0.0218 4.01118e-1 2.78312e-1 3.9368-5
13 4.446 VW T 0.0220 6.17391e-1 4.43767e-1 4.98le-5 14 4,491 VW T 0.0224 2.30470 1.63620 0.00023
14 4.688 VV T 0.0122 1.74576e-1 2.38653c-1 1.408e-5 15 4.574 YV T 0.0176 4.38846e-1 4.04764e-1 4.306e-5
15 4813 vv T 0.0255 12.51956  7.49994 0.00101 16 4.683 VV T 0.0187 4.05498e-1 3.60484e-1 3.979e-5
16  4.876 VW T 0.0232 16.77299 11.36584 0.00135 -
Instrument 1 06/03/2009 11:30:45 HAFIZAH040309 Page 1 8
Instrument 1 06/03/2009 10:41:56 HAFIZAH040309 Page 1 of 2




Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000028.D Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000029.D

Sample Name: T2.5.10% Sample Name: T2.5.20%

BMcq. Operator  : HAFI2AH040309 Seq. Line : 28 Acq. Operator HAFIZAH040309 Seq. Line : 29

Acq. Instrument : Instrument 1 Location : Vial 28 Acq. Instrument : Instrument 1 Location : Vial 28

Injection Date : 05/03/2009 18:43:13 Inj 1 Injection Date 05/03/2009 18:56:32 Iny ¢ 1
Inj Volume : 1 ul Inj Volume : 1 pl

Acg. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M Acq. Method €:\CHEM32\1\METHODS\ISOOCTANE230108.4

Last changed : 04/03/2009 15:29:08 by HAFIZAH020309 Last changed 04/03/2009 15:29:08 by HAFIZAHO20309

Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M Analysis Method : C:\CHEM32\1\METHODS\BJASHUTDOWN.Y

Last changed : 06/03/2009 10:10:17 by HAFIZRH040308 Last changed 06/03/2009 10:10:17 by HAFIZAH040309

(modified after loading) (modified after loading)
Method Info : std testing Method Info : std testing

FID1 A, (BIOPETROL AIDILUSC000028.0} FID1 A, (BIOPETROL AIDILUS0O000029.D)
- -
PA = pA ]
-
140000 140000 T
120000 - 120000
| 100000 100000
. =
1 5 3
80000 | L 80000 bl
] 2 8
| ) o
60000 | 3 60000 2
] © | o
40000 | | 40000
20000 - = S 20000
=058 3v ENARSwWEs 8 B T2 San 8 ®9
;28 o ELERSeEEE S o5 328 8 &3
o N cremo | @ SR wewnon © @ 3 e & an @
1 2 3 + 5 [ min 1 2 3 4 5 6
Rrea Percent Report Area Percent Report
Sorted By S Signal Sorted By 5 Signal
Multiplier * 1.0000 Multiplier i 1.0000
Dilution 3 1.0000 Dilutien : 1.0000
Use Multiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Signal 1: FIDL A,
Peak RetTime Type Width Area Height Area Peak RetTime Type Area
#  [min] [min]  [pA*s] [pA] £ 4 [min] [pA*s]

e R I=—1

|
4.34997 1.37324

1 2.881 BV 0.0436 4.37458 1.39567 0.00044 2.879 BV 0.00042
2 2.955 VV 0.0419 13.40654 4.90702 0.00136 2.958 VV 8.61711 3.49844 0.00083
3 3.090 vV 0.0338 108.11371 47.13019 0.01096 3.089 v 105.32153 49.48348 0.01019
4 3.152 W 0.0291 164.08769 86.72220 0.01664 3.151 wv 179.55365 94.65137 0.01736
5 3.265 vV 0.0329 731.09747 356.62222 0.07413 3.263 Vv 739.71893 359.29309 0.07154
6 3.401 VV § 0.0447 1.58824e5 5.85207e4 16.10495 3.400 V¥V S 0.0454 1.63926e5 5.89698ed4 15.85288
7 3.485 VUV S 0.0499 1.44721e5 4.83149ed 14.67483 3.485 Vv S 0.0508 1.51097e5 4.95466e4 14.61220
8 3.613 Vv S 0.0541 4.93275e5 1.52092e5 50.01856 3.614 VV S 0.0562 5.20020e5 1.5416le5 50.28988
9 3.797 VV S 0.0349 1.69996e5 7.64343ed4 17.23773 3.798 YV S 0.0346 1.79065e5 7.85802ed 17.31694
10 3.933 BV X 0.0217 2.53124 1.87584 0.00026 10 3.932 BV X 0.0207 2.73478 2,02364 0.00026
11 4.018 VBAS 0.0270 1.82384ed4 1.06208ed 1.84939 11 4.017 VB 8 0.0242 1.72287e4 1.10550e4 1.66615
12. 4.156 BV T 0.0169 6.81962e-1 6.70300e-1 6.915e-5 12 4.155 BV X 0.0207 1.45559 1.08379 0.00014
13 4.196 VW T 0.0264 1.53347 9.716l6e-1 0.00016 13 4.195 Vv X 0.0288 2.76037 1.41427 0.00027
14 4,257 VW T 0.0205 11.79082 8.87096 0.00120 14 4.255 VW T 0.0204 11.70368 8.85507 0.00113
15 4.333 VW T 0.0225 3.90689%e-1 2.60127e-1 3.962e-5 15 4.328 VB T 0.0231 4.29254e-1 2.77276e-1 4.15le-5
16 4.429 VW T 0.0222 5.13591e-1 3.47810e-1 5.208e-5 16 4.424 BV 0.0205 4.13995e-1 3.32278e-1 4.004e-5

Instrument 1 06/03/2009 11:31:46 HAFIZAH(040309 Page 1o0f 2 Instrument 1 06/03/2009 11:32:20 HAFIZAH040309 Page 1l of 2




Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0O000030.D
%

Sample Name: T2.10..1
Acg. Operator HAFIZAH040309
Acq. Instrument Instrument 1

Injection Date : 05/03/2009 19:09:50
Acq. Method
Last changed
Analysis Method :
Last changed

04/03/2009 15:29:08

06/03/2009 10:10:17
(modified after loading)

Methed Info std testing

Seq. Line : 30
Location : Vial 30

Inj 1

Inj Volume : 1 pl

C:\CHEM32\1\METHODS\ ISOOCTANE230108 .M
by HAFIZAH020309
C:\CHEM32\ 1 \METHODS\B4ASHUTDOWN . M

by HAFIZAH040309

FID1 A, (BIOPETROL AIDILUS0000030.D)

PA 2
@
-
140000
| 120000
100000
3
80000 vig
8
60000 =
40000
=
20000 S
o —m@ = ez
HEE 5Y SN SRR
i anicne | A i)
1 2 3 4 5
Area Percent Report
Serted By Signal
Multiplier 1.0000
Dilution $ .0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pa] %
[=mmmmmmm s g [ g
6.74495 2.09503 0.00069
15.49671 5.80640 0.00158
128.36783 61.24389 0.01306
221.73767 115.54562 0.02255
628.00623 304.49677 0.06388
1.42668e5 5.2628%e4 14.51182
1.38566e5 4.53080e4 14.09463
5.06014e5 1.51216e5 51.47042
1.75184e5 7.70009e4 17.81923
2.62558 2.01881 0.00027
1.94698e4 1.14425e4 1.98042
9.08166e-1 8.75103e-1 9.238e-5
1.92419 1.18706 0.00020
14.24080 0.77712  0.00145
v 7.6804% -1 4.77415e 7.812e-5
VV T 0.0252 9.51795e-1 5.78631le-1 9.681le-5

Instrument 1 06/03/2009 11:32:47 HAFIZAH040309

i
i

Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000031.D

Sample Name: T2.10.5%

HAFIZRH040309
Instrument 1
05/03/2009 19:23:16

Acq. Operator
Acq. Instrument
Injection Date

Acq. Method
Last changed
Analysis Method
Last changed

04/03/2009 15:29:08

06/03/2009 10:10:17
(modified after loading

Method Info std testing

Seq.

Line
Location
Inj

Inj Volume

¢ C:\CHEM32\1\METHODS\ISOOCTANE230108.M
by HAFIZAHO02030%
C:\CHEM32\1\METHODS\B4ASHUTDOWN , M

by HAFIZAH040309

31
Vial 31
1

1 pl

FID1 A, (BIOPETROL AIDILVIS0000031.D)

| pA =
&
140000
120000
100000 "
2
80000 =2
| 2
| 000 | b~}
| | =
=
40000
w
20000 oo 2% megE S mase
& &ER & LSS B
" oo @ e ag
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 5 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
4 [min] [min] [pA*s] [pa] &
e e [ReE e o e e e legmzases
1 2.880 BV 0.0431 7.74540 2.50265 0.00074
2 2.952 wv 0.0442  17.39708 €.11209 0.00166
3 3.089 Vv 0.0336 114.39853  50.12435 0.01090
4 2.151 wv 0.0297 187.62018  96.61756 0.01788
5 3.263 VV 0.0323 689.65698 330.68472 0.06571
6 3.398 VV 5 0.0457 1.56120e5 5.57136ed 14.88203
7 3.482 VV S 0.0526 1.47595e5 4.67438ed 14.06310
8 3.613 VV § 0.0574 5.36137e5 1.55763e5 51.08411
9 3.796 Vv § 0.0362 1.87166e5 8.03808e4 17.83352
10 3.929 BV X 0.0208 3.37370 2.48859  0.00032
11  4.015 VBAS 0.0265 2.11645ed 1.26606e4 2.01659
12 4.151 BV T 0.0167 9.29563e-1 9.27205e-1 8.857e-5
13 4.188 VV T 0.0293 2.16187 1.23950 0.00021
14 4,251 VW T 0.0216 16.59378 12.40698 0.00158
15 4.316 VV T 0.0211 6.5472de-1 4.7307%~-1 6.238e-5
16 4.409 VV T 0.0245 9.81993e-1 6.19003e-1 9.357e-5
Instrument 1 06/03/2009 11:33:21 HAFIZAH040309

15.842
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Data File C: \CHEMBZ\I\DATA\BIUDE"RUL AIDILAISO000032.D

Sample Name: T2.10.
Acq. Operator HAFIZAH040309 Seq. Line : 32
Acq. Instrument Instrument 1 Location Vial 32
Injection Date 05/03/2009 19:36:37 Inj 1

Inj volume : 1 pl
C:\CHEM32\1\METHODS\ISGOCTANE230108 .M
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\B4ASHUTDOWN .M
06/03/2009 10:10:17 by HAFIZAH040309
{modified after loading)
std testing

Acq. Method :
Last changed
Analysis Method
Last changed

Method Info

FID1 A, (BIOPETROL AIDIL\S0000032 D)

pA 2
140000 3
120000 |
100000

8
80000 =
N
60000 B
b
40000 | i
20000 o s
BB &~ SevarEEy
" R e - e s
1 2 3 4 5
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL &,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA]
77777777777 il e ot ) LR
1 2.883 BV 0.0456 6.15613 1.91033 0.00069
2 2.955 WV 0.0436 14.2710% 4.96216 0.00159
33,000 WV 0.0329 101.96448  44.28231 0.01140
4 3.152 W 0.0297 163.89484  84.20615 0.01831
5 3,263 WV 0.0322 611.02258 294.03766 0.06827
6 3.397 WV S 0.0431 1.34905e5 5.05548ed 15.07380
7 3.478 wv 8 0.0498 1.27187e5 4.26058e4 14.21148
8§ 3.606 VV S 0.0519 4.55326e5 1.46187e5 50.87659
9 3.790 VV S 0.0331 1.58576e5 7.35757e4 17.71876
10 3.925 BV X 0.0213 2.39061 1.87179 0.00027
11 4.010 VBAS 0.0251 1.78308ed 1.08954ed  1.99236
12 4.147 BV T 0.0166 6.37470e-1 6.91185e-1 7,682e-5
13 4.184 VV T 0.0298 1.68774 9.42974e-1 0.00019
14 4.247 VW T 0.0218 13.62146 10.03191 0.00152
15 4.309 VW T 0.0207 4.17232e-1 3.3077de-1 4.662e-5
16 4.402 V¥ T 0.0248 6.59787e-1 4.10455e-1 7.372e-5
Instrument 1 06/03/2009 11:34:23 HAFIZAH040309

5.841

Page
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Data File C: \CHFVBZ\I\DATR\BIOFETROL AIDIL\ISO000033.D

Sample Name: T2.10.

Acqg. Operator
Acqg. Instrument
Injection Date

Bcqg. Method

Last changed
Analysis Method :
Last changed

Method Info

HAFIZAH040309 Seq. Line
Instrument 1 Location
05/03/2009 15:49:57 Inj

Inj volume
C:\CHEM32\1\METHODS\ISOOCTANE230106 .M
04/03/2009 1 9:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\B4ASHUTDOWN .M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading
std testing

33
Vial 33

11

FID1 A, (BIOPETROL AIDILUS0000033 D)

pA
140000

120000
100000
80000
60000
40000

20000

3.607

3.790

Sorted By
Multiplier
Dilution

Signal

1 0000
-0000

Use Multiplier & D)lutlun Factor with ISTDs

Area
[pA*s]

8.02866
12.62853
95.18018

162.84737

632.64600
1.42873e5
1.35192e5
4.90860e5
1.71250e5

3.36802

1.91563e4
6.61260e-1

2.01125
19.94206

5.36512e-1

Signal 1: FID1 A,
Peak RetTime Type Width
# [min] [min]
| =mmmmme R e EEEEE
2.882 BV 0.0453
2.954 wv 0.0452
3.089 vV 0.0325
3.151 vv 0.0293
J.2e2 w 0.0317
3.396 VvV 5 0.0440
3.479 YV 5 0.0497
3.607 VV S 0.0544
3.790 VV § 0.0329
3.925 BV X 0.0218
4.009 VBAS 0.0252
4.146 BV T 0.0158
4.174 VW T 0.0335
4.245 VW T 0.0206
4.303 VW T 0.0203
4.395 VW T 0.0254

9.12370e-1

Height
[pR]

2.50932
4.31060
41.87773
85.01233
311.84335
5.37188ed
4.53534ed
1.50366e5
7.70356e4
2.48845
1.16312e4
7.12307e-1
1.00071
14.91255
4.36623e-1
5.47870e-1

Instrument 1 06/03/2009 11:34

=56

HAFIZAH040309

0.00084
0.00131
0.00991
0.01695
0.06587
14.87489
14.07518
51.10483
17.82936
0.00035
1.99442
€.885e-5
0.00021
0.00208
5.586e-5
9.499%e-5

5839
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000034.D
Sample Name: T2.20.1%

Acg. Operator  : HAFIZAH040309 Seq. Line 34
Acqg. Instrument Instrument 1 Location Vvial 34
Injection Date 05/03/2009 20:03:17 Inj HE
Inj Volume : 1 ul
Req. Method C: \CHEM32\1\METHODS\ISOOCTANE230108.M
Last changed 04/03/2009 15:29:08 by HAFIZAH020309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M
Last changed : 06/03/2009 10:10:17 by HAFIZAH040300
{modified after loading)
Method Info std testing
FID1 A, (BIOPETROL AIDILUS0000034.0)
PA =
] b
-
| 140000
|
120000 |
100000 o
&
| 80000 - i
| o] 2
2
60000 | e
3
40000
0000 | s
‘ mee| & gmemesser e, o
0 - . w1 L) e A -
o o 1 2 3 4 5
Area Percent Report
Sorted By B Signal
Multiplier : 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 &,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pR] 8
e el e i Pt e i e [S==ceiaass e
i 2.879 BV 0.0447 B8.96316 2.84693 0.00082
2 2.957 wv 0.0364 14.37160 5.89734 0.00131
3 3.087 W 0.0286 137.34782 74.12280 0.01252
4 3.148 WV 0.0291 276.90582 146.45380 0.02524
5 3.260 vV 0.0320 714.46606 347.52560 0.06514
6 3.395 VV S5 0.0458 1,64997e5 5.86127ed4 15.04216
7 3.479 V¥ 5 0.0528 1.58764e5 5.0109%e4 14.47391
8 3.611 VWV S 0.0588 5.60991e5 1.5896le5 51.14353
9 3.793 VV 5 0.0344 1.91836e5 8.18255ed4 17.48895
10 3.925 BV X 0.0218 3.45397 2.54406 0.00031
11 4.010 VBAS 0.0250 1.88170ed 1.1547%e4 1.71548

it ¢ 4.145 BV T
13 4.173 VW T
14 4.243 YV T
15 4.299 VW T
16 4.390 W T

0.0151 7.0668%e-1 7.39944e-1 6.443e-5
0.0299 1.74610 7.8696le-1 0.00016
0.0212 15.25373 1.70164 0.00139
0.0209 7.74760e-1 6.06064¢-1 7.063e-5
0.0238 1.23878 7.70003e-1 0.00011

Instrument 1 06/03/2009 11:36:11 HAFIZAH040309

Page
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000035.D
Sample Name: T2.20,5%

Acq. Operator HAFIZAH040309 Seq. Line
Acg. Instrument : Instrument 1 Location
Injection Date : 05/03/2009 20:16:36 Inj
Inj Volume
C:\CHEM32\1\METHODS\ISOOCTANE230108.M
04/03/2009 15:29:08 by HAFIZAH020309
C:\CHEM32\1\METHODS\B4ASHUTDOWN .M
06/03/2009 10:10:17 by HAFIZAH040309
(modified after loading)
Method Info : std testing

Acqg. Method
Last changed
Analysis Method
Last changed

FID1 A, (BIOPETROL AIDILUSC000035.D)

PA s
©
140000
120000
100000 &
80000 - L
B
60000 5
©
40000
s
20000 =me = comreane rerowng =
SR & 3
. s [0 4 s
1 2 3 4 5 6 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDI A,
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
I I [rrtontmenalnmnnm s I
1 2.880 BV 0.0432 8.04843 2.59178 0.00078
2 2.956 ¥V 0.0411 13.65575 4.96389 0.00132
3 3.088 Vv 0.0317 131.66170 2.07857 0.01277
4 3.149 W 0.0293 240.18399 125.79789 0.02330
5 3.260 WV 0.0320 744.05286 362.00974 0.07217
[3 3.395 ¥v S 0.0452 1.60059e5 5.80623e4 15.52502
7 3.479 V¥ 8 0.0514 1.51284e5 4.90375ed 14.67388
8 3.607 ¥V S5 0.0554 5.22832e5 1.57408e5 50.71245
9 3.789 ¥V S 0.0355 1.78098e5 7.84377e4 17.27470
10 3.921 BV X 0.0215 3.05228 2.29047 0.00030
11 4.006 VBAS 0.0250 1.72639%e4 1.06072e4 1.67452
12 4.143 BV T 0.0155 6.41023e-1 6.50337e-1 6.218e-5
13 4.166 ¥W T 0.0442 1.44935 5.46851le-1 0.00014
14 4.241 VW T 0.0214 14.26971 10.78174 0.00138
15 4.293 VW T 0.0200 5.93749e-1 4.6326le-1 5.759e-5
16 4.384 VV T 0.0229 B8.73867e-1 6.03873e-1 8.476e-5

Instrument 1 06/03/2009 11:36:35 HAFIZAHO40309

Page 1 of 2
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Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0Q000036.D
Sample Name: T2.20.10%

Acg. Operator  :
Acg. Instrument :
Injection Date :

Acg. Method :
Last changed :
Analysis Method :
Last changed :

Method Info

HAFIZAH040309 Seqg. Line
Instrument 1 Location
05/03/2009 20:30:09 Inj

Inj Volume
C:\CHEM32\1\METHODS\ ISOOCTANE230108 .M
04/03/2009 15:29:08 by HAFIZAH02030%
C:\CHEM32\1\METHODS\B4ASHUTDOWN .M
06/03/2009 10:10:17 by HAFIZAH04030%
(nodified after loading
std testing

FID1 A, (BIOPETROL AIDILWSO000036.D)

15837

PA 2
B4
140000
120000
100000 a
]
“
80000 . f
S
60000 o
-
40000
20000 —
2232
B/EE
0 L RE bl
1 2 3 4
Area Percent Report
Sorted By & Signal
Multiplier . 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width RArea Height Area
# [min] [min] [pA*s] (823 ¥

ey [
2.880 BV
2 2.955 W
3 3.088 wv
4 3.149 vV
5  3.260 Wv
6 3.394 WV 3
7 3.478 WV 5
8  3.608 Vv s
9 3.789 WV 8§
10 3.921 BV X
11 4.005 VBAS
12 4.142 BV T
13 4.239 wW T
14 4.289 W T
15 4.38Q W T
16 4.463 W T

| | | |
0.0433 8.22787 2.64195 0.00079
0.0443 15.94888 5.5863% 0.00153
0.0320 147.4214%6 68.77782 0.01417
0.02%2 268.19177 140.68773 0.02578

0.0320 738.87860 359.49496 0.07102
0.0461 1.59212e5 5.79102e4 15.30338
0.0516 1.52755e5 4.93271ed 14.68277
0.0562 5.30569e5 1.57225e5 51.00005
0.0337 1.79623e5 7.85450ed 17.26527
0.0212 2.89881 2.21835 0.00028
0.0249 1.67223e4 1.03367e4 1.60734
0.0474 4.54575 1.25155 0.00044

0.0204 14.43857 10.96273 0.00139
0.0178 4.37087e-1 3.97582e-1 4.20le-5
0.0244 9,91452e-1 6.27571e-1 9.530e-5
0.0194 2.10549 1.70624 0.00020

Instrument 1 06/03/2009 11:37:29 HAFIZAH040309

Data File C:\CHEM32\1\DATA\BIOPETROL AIDIL\IS0000037.D
Sample Name: T2.20.20%

Acq. Operator
Acq. Instrument
Injection Date : 05/03/2009 20:43:36

Inj Volume

Acq. Method : C:\CHEM32\1\METHODS\ISOOCTANE230108.M
Last changed 04/03/2009 15:29:08 by HAFIZAH0Z0309
Analysis Method : C:\CHEM32\1\METHODS\B4ASHUTDOWN.M

Last changed : 06/03/2009 10:10:17 by HAFIZAHD40303
(modified after loading
Method Info : std testing

HAFIZAHO040309 Seq. Line
Instrument 1 Location

vial 37

FID1 A, (BIOPETROL AIDILMSO000037.0)

pA 2
-«
140000 | T
|
120000
100000
2
80000 &
-
] 3
{ o
60000 Lo
40000
o
20000 oo mo ol B
! b 5 SEheE SEERSRER o
0 o e e 1 (] A e x 2 w
1 2 3 5 6 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : i
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A,
Peak RetTime Type Width Area Height Area
4 [min] [min] [pA*s) [p2] E

1 2.BB0 BV 0.0442 8.78672 2.75855 0.00090
2 2.956 VWV 0.0429 12.20000 4.32196 0.00125
3 3.088 Vv 0.0332 100.85263 44.94214 0.01034
4 3.149 v 0.0282 174.80234 92.05147 0.01792
5 3.260 VvV 0.0317 744.65900 367.0206% 0.07636
6
7
8

3.394 VV 5 0.0443 1.57802e5 5.8852d4ed 16.18094
3.476 VV 8 0.0493 1.43608e5 4.8584led 14.72548
3.603 VV S5 0.0540 4.87012e5 1.50193e5
] 3.785 VV S 0.0336 1.67838e5 7.66382ed
10 3.918 BV X 0.0216 3.08688 2.31341
11 4.002 VBAS 0.0261 1.76072ed 1.07404e4
12 4.160 BV T 0.0433 4.92574 1.46403
13 4.237 YV T 0.0216 15.68594 11.75353
14 4.285 VW T 0.0198 4.31019e-1 3,63145e-1
15  4.376 VW T 0.0231 8.8973%e-1 6.05995e-1
16 4.467 vV T 0.0187 2.01315 1.71104 0.00021

Instrument 1 06/03/200% 11:37:59 HAFIZAH040309
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