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ABSTRACT

Biopetrol is defined as fuel which has the sameasttaristics with commercial
petrol in terms of its molecular formula. The oljee of this study is to find the
concentration of biopetrol (isooctane) from palmiticid. Thermal cracking process is
used to produce isooctane from palmitic acid. Heeatpplied using hot plate at palmitic
acid’s melting point within a range of 83— 64C, to melt the solid palmitic acid. After
it turns to liquid, the heating is continuous atastane’s boiling point of & by using
heating mantel 250ml to form new arrangements obara compounds including
isooctane. The heating is continuous and the samwgsecollected at temperature 200
300°C, 330C and 356C. The desired isooctane obtained is around 0.0456%743%
in the distilled palmitic acid. After the back calation, the highest concentration of the

desired isooctane is 2.92% at temperaturéGs@lmitic acid.



Vi

ABSTRAK

Biopetrol didefinasikan sebagai bahan bakar yanmpuayai formula molekul
yang sama dengan petrol biasa. Tujuan projek jalatikan adalah untuk mengenalpasti
kepekatan biopetrol (isooktana) di dalam asid p#EtmiKaedah penghuraian haba
digunakan untuk mendapatkan isooktana daripadapediditik. Pepejal asid palmitik
dipanaskan pada suhu di antard@®3- 64C, iaitu pada takat lebur asid palmitik.
Kemudian proses pemanasan diteruskan sehingga parnaéat didih isooktana, iaitu
98°C untuk membentuk susunan molekul karbon yang bamudian pemanasan
diteruskan sehingga mencapai suhu®850Sampel diambil pada suhu°@8 200C,
300°C, 330C dan 356C. Kepekatan isooktana yang diperolehi di daladihdin asid
palmitik adalah dalam lingkungan 0.0455% - 0.074B8%pekatan tertinggi adalah pada
suhu 356C didihan asid palmitik iaitu sebanyak 0.0743%.efaé mengira semula
kepekatan isooktana tanpa pencairan heksana, Kapetertinggi adalah pada suhu
350°C iaitu sebanyak 2.92% dan hasil keputusan ini tdaptngkatkan dengan
mengunakan kaedah yang lain seperti penghuraiargademmenggunakan agen

pemangkin.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

Since the price of petrol increases as well asedesing of petrol or petroleum
supply, more researches are done to find the aligen fuel as substitution of
petroleum-based fuel, including biodiesel and biape Biopetrol is defined as fuel
which has the same characteristics with commegeditol in terms of its molecular
formula. Biodiesel, which consists methyl esters leeen already developed from

vegetable oils and commercialized. However, biaiesonly suitable for diesel engine.

Producing petrol from the waste of palm oil (pdlmiacid) will give an
alternative choice to the users, especially forghetngine vehicles’ owners. In addition,
this biopetrol, which is graded 100 for its octamember, burns very smoothly so

biopetrol can reduce emissions of some pollutadtsdr, 2005).

This study is to find the concentration of isooetaas the main component of
petrol from palmitic acid (palm oil waste). The imed that used is cracking method that

is applied in petroleum industries.



1.1 Problem Statement

Petroleum price is increasing dramatically yeawesr and it will burden people
especially to the lower working class. This is hessaof decreasing fuel supply and the
sources are unevenly spread. Most petroleum resemeein the Middle East or West
Asia, causing economic and political instabilities.
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Figure 1.1 :Malaysia's Looming Energy Crisis (M. Noor, 2008)

Malaysia is the one of the major oil exportershia world. Malaysia also has the
crisis of the declining of these mineral sourcesaldysia’s oil production is decreases in
2004 and would then decline by 6.4 percent annugliyure 1.1 shows the declining
Malaysia oil’'s production by 2004. Forecast, by 2@06 2010 Malaysia will become a

net importer because out of mineral sources (pirn) and the demand of oil
increasing.



Producing petrol from the waste of palm oil (palmiacid) will give an
alternative choice to the users, especially forghetngine vehicles’ owners. In addition,
this biopetrol, which is graded 100 for its octamember, burns very smoothly so

biopetrol can reduce emissions of some pollutadisgr, 2005).

Palmitic acid is the dominative component in palinwaste. Its disposal into
water supply sources causes serious water polluBesides that the loss of palmitic
acid as a useful industrial component also occarshat it is not utilized much and
always eliminated to improve and upgrade the qualft crude palm oil. Thus, it is
disposed as palm oil waste and then pollutes waseurces by its spillage.

The challenge of this research is this researthbeioutstanding at a time when
palm-oil prices are going down, production is irs®e and the energy prices are ruling
high.

In this research, the concentration of isooctara i produced from palmitic

acid and also the conversion of fatty acids forsiréel isooctane in biopetrol will be the
objectives.

1.2  Objectives

. To analyze isooctane obtained from palmitic acid

. To find the concentration of biopetrol obtainednfrpalmitic acid



1.3 Scopes

To achieve the objective, scopes have been idedtifi this research. The scopes

of this research are listed as below:-

X To describe the molecular arrangement in crackmggss.

X To understand the thermal cracking and distillapoocess.

X To identify the composition of isooctane using Gasromatography method
with Gas Chromatographer.

X To determine the amount of isooctane in sample imdda using Gas

Chromatography method as well.



CHAPTER 2

LITERATURE REVIEW

2.0 Definition of fuel

Fuel (from Old French feuaile, from feu fire, ultwely from Latin focus
fireplace, hearth) is a substance that may be durmneair (or any other oxidant-
containing substance), which so quickly reacts witligen that heat and light is emitted
in the form of a sustained flame. Oxygen in theisathe basic oxidant for and is readily
available from Earth's atmosphere; that is why ithie main oxidizer. Fuels are used as
convenient energy stores because of their highifspeaergy release when burnt with

omnipresent ambient air.

2.1 Uses of fuel

Fuel is used as convenient energy stores becauseiofhigh specific energy
when burnt with omnipresent ambient air. Primargt@nal) fuels may be difficult to
find in Nature, and secondary (artificial) fuelsyrtze difficult to be manufactured, but,
once at hand, fuels are very easy to store, trangpo use, with the only nuisance of
safety (uncontrolled combustion) and pollution sashtoxic emissions during storage

and when burnt.



Energy is a basic need to humans and is useddat generation, for work
generation, or for chemical transformations. A camnproblem to all human needs
(except air, in most cases) is that energy is waila@ble at the location and time we
desire, and sources must be found (for energy,nwaied, minerals) and transportation
to a better place must be arranged, as well aaggoand end-use details. Storage is
sometimes the most cumbersome stage, for exampleodd (all food is perishable,

particularly meat, fish, vegetables and fruits) &ckelectrical energy.

2.2 Fuel types by period of natural renovation

2.2.1 Fossil fuels

Fossil fuels (coal, crude-oil and natural gas)eMermed slowly (during millions
of years, mainly at certain remote epochs, notaumify; for example American oil was
formed some 90 million years ago, whereas the datds from 150 million years) by
high-pressure-decomposition of trapped vegetabte aammal matters during extreme
global warming. Fossil fuels are found trapped srtEs crust, up to 10 km depth,
although large pressure might stabilise them aldugher depths and temperatures (at
300 km it might be 10 GPa and 1000 °C). They aga tion-renewable energy supply at
humankind periods, and will eventually be comméicidepleted. Table 2.1 below
shows the estimated reserves and availability sdifduels.

Table 2.1 :Estimated reserves and availability of fossil fuels

Commercial reserve-2000 Reserve/Consumption-2000
Coal 100010" kg 250 yr
Crude ol 10010" kg 40 yr
Natural gas 15010 kg. 70 yr




2.2.2 Petroleum fuel

More than 50% of world's primary energy comes nayadrom petroleum that

is all vehicle fuels, and small and medium statigrepplications fuels are petroleum

derivatives, obtained by fractional distillationdareforming. Main commercial fuels and
their physical data are presented in Table 2.2

Table 2.2 :Main commercial fuels derivatives from crude-oihdatheir main averaged

properties.
Boiling | Boiling | Carbon Density Viscosity Flash Main
range | range chain |(liquid at 15°C) at 40 °C point use
To[K] | Th[°C] | range | plkg/m®] | AP [m%s]| Trash [°C]
Liquefied | <300 <30 1-4 580 0.5 -100 |domestig
petroleum heating,
gases (LPG cars
Gasoline | 300-500 30-200 4-12 730-760 0.5 -30 cars
Kerosene | 450-650150-350| 10-14 780-850 3 40 aircrafts
Diesel 500-600 200-300| 10-20 820-880 3 40 cars,
lorries,
boats
Fuel oil |600-800] 300-500| 15-30 840-930 10 60 industry,
distillate ships




2.2.3 Renewable fuel

Renewable resources include energy from sun, wiadjng water, the earth’s
internal heat, and biomass. For example,
. Passive solar heating captures sunlight directlyhiwi a structure and
converts it into low temperature heat for heating.
. Hydroelectric power supplies 20% of the world’s govand 6 % of the total

commercial energy.

Wind and solar power represent an ultimate in emwvirental sustainability. But
the problem is the sun does not always shine amdavihd may not blow when needed.
Thus, the alternative renewable and environmentahdly sources of energy are
biomass.

Biomass is organic material from living organismsjch as plant matter
including trees, grasses, and agricultural crops ¢hn be burned or converted to liquid

or gaseous fuels for energy (Lim, 2006).

Biomass is formed in a year or a few years bagisthgtic fuels may come from

fossil or from renewable sources such as:

. Gas: biogas from anaerobic fermentation or fluefgas pyrolysis of biomass.
. Liquid: alcohols, ethers, liquid paraffins (biop#)r esters (biodiesel).
. Solid: wood, charcoal, fuel pellets (from wood egetable residues),

agricultural residues, cattle manure, urban waste.



2.3 Biological fuel

The terms of biofuels, biomass fuels and renewdhbkds, may be used
indistinctly if they refer to natural or artificidlels obtained from renewable sources,
although the other times distinctions are introduesd then biofuels may refer to
biomass derivatives directly substituting fossiélifor the same combustor, biomass
may be restricted to unprocessed biomass (forestewarops and agriculture waste,
animal waste, domestic waste), and renewable nthyda fuels like hydrogen obtained

by electrolysis and not from biomass.

A 1999 biofuel life cycle study concluded that hief reduces net Gmissions
by 78% compared to petroleum fuel from biofuel’®sdd carbon cycle. The GO
released into the atmosphere from the combustefidbias recycled and reused by
growing plants, which are later processed into uek, 2006).

Scientific research confirms that balfinas a less harmful effect on human
health than petroleum fuel. Biofuel emissions halezreased levels of polycyclic
aromatic hydrocarbons (PAHs) and nitrited PAH coomats (nPAH), which have been
identified as carcinogenic (cancer-causing ageompounds. The test results indicate
that PAH compounds were reduced by 50 - 85%. Blafueontoxic and biodegradable.
Otherwise, the flashpoint (the lowest temperatiaretach it can form an ignitable mix
with air) is 300 °F while petroleum fuel's flashpoint of 128F (Lee, 2006).

But the complete utilization movement to biofuedsniot based on their short-
term advantage over fossil fuels but on the lomgiteeed to have fuels of any kind.
And for the time being, living matter and their idees are a handy alternative to

recover the non-renewable fossil fuels.
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2.3.1 Classes of Biofuels

2.3.1.1Solid Biofuels

There are many forms of solid biomass that are cstilile as a fuel such as:

Wood

Straw and other dried plants

Animal waste such as poultry droppings or cattlegiu

YV V V V

Crops such as maize, rice, soybean, peanut anshdatsually just the husks or

shells) & sugarcane- or agave-derived bagasse.

2.3.1.2Liquid Biofuels

There are also a number of liquid forms of biontass$ can be used as a fuel:

> Bioalcohols

. Ethanol — usually produced from sugarcane, also frorn

. Methanol, which is currently produced from natugds, can also be
produced from biomass. The methanol economy is m@terdsting
alternative to the hydrogen economy

. Butanol, formed by A.B.E. fermentation (Acetone,t&#wol Ethanol) and
experimental modifications of the ABE process stmtentially high net
energy gains. Butanol can be burned "straight'xisteng gasoline engines
(without modification to the engine or car), prodsanore energy and is
less corrosive and less water soluble than ethamaol,can be distributed

via existing infrastructures.



11

> Biologically produced oils (bio-oils) can be usedliesel engines
. Straight vegetable oil (SVO)
. Waste vegetable oil (WVO)
. Biodiesel obtained from transesterification of aalrfats and vegetable oll,

directly usable in petroleum diesel engines

> Oils produced from various wastes
. Thermal depolymerization from waste materials camaet methane and
oil similar to petroleum
. Methane and oils are being extracted from landfdlls and leachate in test

sites

2.3.1.3Gaseous Biofuels

> Bio-methane produced by the natural decay of ga&hmgagricultural manure
can be collected for use as fuel
. It is also possible to estimate the number of alsmaeded for desirable

size of biogas driven engine with Biogas Calculator

> Wood gas can be extracted from wood and used iolgigines.

> Hydrogen can be produced in water electrolysisess ecologically, by cracking
any hydrocarbon fuel in a reformer, some fermeomaprocesses also produce
hydrogen, such as A.B.E. fermentation

> Gasification, that produces carbon monoxide.
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2.3.2 Biofuel From Palm Oil.

Palm oil is a superior biofuel sources comparedtter vegetable oils. This is
due to its availability, and the fact that is albdebe produced on a positive energy

balance, compared to other competing vegetable oils

Palm oil is called as a very energy-efficient naaterial. The energy output and
input ratio is nine to one, compared to three te fam corn, soy, and rapeseed. Palm oil
is a real energy factory, whereas these other chapg a very low output to input
energy ratio.

2.3.2.1 Price of Palm Oil

DBS Vickers Research has raised its crude paln{GHO) price forecast for
2008 to RM 2,650 per tonne. This is higher thanptevious RM 2,500 forecast and is
said to be due to a potential supply shortage. DVBRers Research has raised its crude
palm oil (CPO) price forecast for 2008 to RM 2,65 tonne. This is higher than the

previous RM 2,500 forecast and is said to be duwegotential supply shortage.

Ben Santoso, DBS Vickers' plantation analyst irohebsia said that crude palm
oil prices will remain buoyant through the firstlfhaf next year as much of the global
oil seeds output has been adversely affected bgrhgght in many oilseeds producing

countries.

Oil World, an independent agency offering analyaad forecasts of supply,
demand and price for oil seeds industries indicdlted production deficits will most

likely put pressure on prices next year.
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Malaysia, the world's leading palm oil producer hacbady estimated lower
output this year although it expected export reeetaibe a record RM 40 billion this

year due to rising product prices.

Demand for CPO is expected to rise as rising coidprices and environmental
concerns prompt consumers to make the switch #ngreenergy such as biodiesel.

2.3.2.2 Palm Oil Waste

Large quantities of palm waste called Empty FBunhches (EFB) are available
from plantations where palm oil is produced. Biriw state, EFB is both very fibrous
and wet. EFB is a solid waste produce from oilpahilling process and has high
moisture content. The treated empty bunches aréaneally crushed (de-watered and
de-oiled) in the process. EFB is rich nutrients eodtained reasonable amounts of trace
elements. EFB have a value when returned to thé fitebe applied as mulch for the
enrichment of soil. However, it was noted that oapplication of the effluent must be
avoided as it may result anaerobic conditions engbil by formation of an impervious
coat of organic matter on the soil surface (Man2065). Thus, used of EFB to become

biofuel can reduce the amount of waste, lower andtcan reduce the pollution.

2.4 Biofuel production methods

In Japan, bacteria has been bred which producasa@tfrom paper or rice-straw

without any pre-treatment. There are some methmgsaduce biofuel:

. Methane (actually a biogas mixture) by anaerobgestion of biomass waste

(manure, straw, sewage, municipal solid waste (MSW)
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. Oils (biodiesel) by reforming oleaginoseous plag¢ds (e.g. colza, sunflower,
soy). The marine microscopic algae BotryococcusuBirahas been shown to
accumulate a quantity of hydrocarbons amountingbés of their dry weight.

. Methanol from wood-waste distillation.

For mobile applications, because of higher energnsdy and simpler
infrastructure, liquid biofuels are preferred (etbland biodiesel), gaseous biofuels
being restricted to stationary applications. Asa#th in transition from fossil fuels to
biofuels, mixtures of both fuels and biofuels aeenly progressively put on the market
for old engines and combustors, and new enginescantbustors are progressively

developed to run on ‘biofuel prototypes’ derivednr current fossil fuels.

2.4.1 Biodiesel

Biodiesel refers to any diesel-equivalent biofuald® from renewable biological
materials such as vegetable oils or animal fatsiléthere are numerous interpretations
being applied to the term biodiesel, the term laedi usually refers to an ester, or
oxygenate, made from the oil and methanol (in otherds, the name “biodiesel” can
be applied to any transesterified vegetable oil thakes it suitable for use as a diesel

fuel).

Technically, as mentioned earlier, biodiesel isetagle oil methyl ester , or in
general one could say that biodiesel consists \ahatcalled mono alkyl-esters. It is
usually produced by a transesterification and #&i@tion reaction of vegetable or waste
oil respectively with a low molecular weight alcbheuch as ethanol and methanol.
During this process, the triglyceride molecule freegetable oil is removed in the form
of glycerin (soap). Once the glycerin is removezhfrthe oil, the remaining molecules
are, to a diesel engine, somewhat similar to thafspetroleum diesel fuel. There are
some notable differences though. While the petroleand other fossil fuels contain
sulfur, ring molecules & aromatics, the biodieselecules are very simple hydrocarbon
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chains, containing no sulfur, ring molecules ornaatics. Biodiesel is thus essentially
free of sulfur and aromatics. Biodiesel is madeotiglmost 10% oxygen, making it a

naturally "oxygenated" fuel.

The concept of using vegetable oil as a fuel daéek to 1895 when Dr. Rudolf
Diesel developed the first diesel engine to rurvegetable oil. Diesel demonstrated his
engine at the World Exhibition in Paris in 1900ngspeanut oil as fuel.

Bio-diesel can be used in diesel engines eithex smndalone or blended with
petro diesel. Much of the world uses a system knawrthe "B" factor to state the
amount of biodiesel in any fuel mix. For exampleelfcontaining 20 % biodiesel is
labeled B20. Pure biodiesel is referred to as B100.

2.4.2 Biopetrol

Gasoline or petrol is a complex mixture of hydrdcers which consists a
mixture of G to G alkanes. However isooctane;§8:5) as dominative component in
petrol is assigned an octane number of 100. Isaeata 2, 2, 4-trimethylpentane (QEl
(CH3),CH,CH (CHs) CHg) is burns smoothly with a little knock in petratg@ne. It is
the highest quality of petrol (Mansur, 2005).

The other alternative to produce petrol is by udiiapetrol. Biopetrol is defined
as fuel which has the same characteristics withcttramercial petrol in terms of its

molecular formula.
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2.4.2.1 Biopetrol in The Future

Biopetrol is an alternative fuel that is a reneleadmergy with a lower cost rather
than petrol itself. Biopetrol from palm oil is biegradable and non-toxic. From the
environmental point view, all the fuel from vegd®alsources is environmentally

friendly.

From the technical point of view, biofuel (biop#jris technically compatible
with current internal combustion engine. Slight rficdtion might be required to
enhance the power. Biopetrol can be the solutiothi® future air emission control.

The application of existing biodiesel from palm @i motor vehicle (diesel
engine) has been proven successful. However itsraymal viability requires further in

depth study (Mansur, 2005).

There are four primary reasons for encouragingdéwelopment of biopetrol in

Malaysia:

. Provides market for excess production of palm oil.

. The prices of petroleum are increasing.

. Decreases the total import of petroleum.

. Fuel (biopetrol) from vegetable oil is renewablel @mvironmental friendly.

2.4.2.2 Biopetrol from Palmitic Acid

Palmitic acid or hexadecanoic acid (£¢CH,):4COOH) is a fatty acid which is

found in animal fats and vegetable oils.
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To produce isooctane from palmitic acid, thermalckmg process is needed.
Heat is supplied at palmitic acid’s melting poirithin a range of 6% — 64C to melt
the solid palmitic acid. After it turns to the ligy the heating must be continuous until
the isooctane’s boiling point of &8 by using heating mantel to form new arrangements

of carbon compounds including isooctane.

The sample produced will have lots of hydrocarbbairts because of the heat
that breaks the carbon chain randomly. Althoughamdls from € until Cy are

categorized as gasolineg @ill be the major component in this study.

2.5 Overview on petroleum refining process

Petroleum is a complex mixture of organic compounusst of which are
alkanes and aromatic hydrocarbons. It also contamall amounts of oxygen (O),
nitrogen (N), and sulfur (S). Mixtures of alkanee perfectly suitable for uses in fuels,

solvents and lubricants.

As we learned from history, alchemists of the meddbes attempted to change
base metals into gold by practicing wizardry. Isemse, refiners could be regarded as
the modern day heirs apparent to these medievegsas by transforming crude oil into
a variety of useful and valuable products. Inste&dising magic, however, refiners
employ chemical science and processing technologyetform their unique brand of
metamorphosis. Spread out over a number of acredjreery is a remarkable maze of
metal, machinery and manpower. Towers, tanks, geoeessels, pipelines, pumps, heat
exchangers and compressors are just some of theotmmts of a modern refinery.
Operators, engineers, researchers, techniciarfssroen and maintenance personnel are
among those needed to keep a refinery running rtlumdlock. A refinery consists of a
number of different units, each with a specific pmge, integrated into a processing

sequence.
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The petroleum industry refines crude oil to obtaseful products. Refineries and
chemical plants account for about a fifth of thdustry’s total investment in property
and equipment. The United States has about 30Qerefs that range in capacity from
40 to 365,000 barrels of oil a day. The world’gykst refinery is in Abadan, Iran. It can
process 412,000 barrels daily when running atdagiacity. Hydrocarbons contain a lot
of energy. Many of the things derived from crudkelige gasoline, diesel fuel, paraffin

wax and so on take advantage of this energy.

Hydrocarbons can take on many different forms. $hmallest hydrocarbon is
methane (Ck), which is a gas that is lighter than air. Longbéains with 5 or more
carbons are liquids. Very long chains are solile livax or tar. By chemically cross-
linking hydrocarbon chains can be everything froyntlsetic rubber to nylon to the
plastic in Tupperware. The major classes of hydtmmas in crude oils include Paraffin,
Aromatics, Napthenes or Cycloalkanes, and otherdoatbons.

Distillation, or fractioning, is the first step the refining process. It separates the
various fractions of crude oil. The fact that diffiet hydrocarbons vaporize (boil) at
different temperatures makes possible the prodedssiilation. Table 2.3 below shows

the boiling pint differences for hydrocarbon cramki

Table 2.3 :Boiling point differences for hydrocarbon crackig®plomons, 1997)

Boiling Range| Number of Carbon Use
of Fraction Atoms per Molecule

Below 20 Cl-C4 Natural Gas, bottled gas, petnoitals
20 - 60 C5-C6 Petroleum ether, solvents

60 — 100 C6 - C7 Ligroin, solvents

40 — 200 C5-C10 Gasoline (straight run gasoline)

175 - 325 Cl12-C18 Kerosene and jet fuel

250 - 400 C12 and higher Gas oil, fuel oil, anddi®il
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Distillation is the evaporation and subsequentewbibn of a liquid that is a
component in a mixture. Fractional distillatiorthe evaporation of two or more liquids
from a parent mixture by using the differenceshairt boiling points. Both processes

may be used for purification or separation.

A typical example of fraction distillation is in ehseparation of various
hydrocarbons, for instance, butane, pentane frévydeocarbon mixture that result from
some process in the overall refining process. Is #xample, a refinery fractional
distillation apparatus is commonly termed a frawio distillation column or a
fractionating column and can be several hundred fegh, depending on the refinery
throughput (Soares, 2001).

In the petroleum refining, this distillation proses started by running crude oll
into pipes that pass through a furnace. As thasohieated, the fractionated gasoline
vaporizes first, followed by kerosene. At highangeeratures, such oil fractions as diesel
oil and lubricant stocks boil. The mixture of hoapors and liquid goes into a
fractionating tower, which consisting bubble-capys. The vapor rises through the

tower, which separates the fractions in a contisymocess.

This separation of petroleum into its various fi@ts takes place in a crude
distillation tower. Crude oil is first heated infarnace. The resulting mixture of hot
vapors and liquid is pumped into the closed, vartidistillation tower, which is
sometimes as high as 100 feet. As the vapors risivey are cooled and condensed at
various levels and temperatures where they arepedhpy a number of horizontal
bubble-cap trays. The trays on the upper levelkeaothe lighter petroleum fractions
such as naphtha (straight-run gasoline) and keeoddiddle trays collect components
such as light heating oil and diesel fuel. Heawl fails asphalt and pitch fractions settle
on lower trays. For example, heavy fuel oils corsgeat the bottom of the tower, and

gasoline condenses at the top.
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2.6 Conversion oil refining

2.6.1 Cracking

Cracking is a petroleum refining process in whiobavy-molecular weight
hydrocarbons are broken up into light hydrocarbatecules by the application of heat
and pressure, with or without the use of catalystslerive a variety of fuel products.
Cracking is one of the principal ways in which auail is converted into useful fuels
such as motor gasoline, jet fuel, and home heatihgrhere are two type of cracking

process which are thermal cracking and catalyacking.

The source of the large hydrocarbon molecules tenothe naphtha fraction or
the gas oil fraction from the fractional distillati of crude oil (petroleum). These
fractions are obtained from the distillation pracas liquids, but are re-vaporized before

cracking.

There is not any single unique reaction happeningthe cracker. The
hydrocarbon molecules are broken up in a fairlydoen way to produce mixtures of
smaller hydrocarbons, some of which have carboberadouble bonds. One possible

reaction involving the hydrocarbon 4Ei3, might be:

CisHzo ’ 26H, + GHs + GHis
ethene propene octane

Or, showing more clearly what happens to the variatoms and bonds as shown in
Figure 2.1:
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Figure 2.1: Hydrocarbon Break Up Structure (Clark, 2003).

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

organic chemicals. The octane is one of the moéscidund in petrol (gasoline).

2.6.1.1 Thermal cracking

Thermal cracking is a refining process in whictathe-800 °C) and pressure
(~700 kPa) are used to break down, rearrange, mbice hydrocarbon molecules. The
first thermal cracking process was developed aral®i3. Distillate fuels and heavy
oils were heated under pressure in large drumsthety cracked into smaller molecules
with better antiknock characteristics. Howevers timethod produced large amounts of

solid, unwanted coke.
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The main reactions of thermal cracking include:

1. Initiation reactions, where a single molecule beeakart into two free radicals.
Only a small fraction of the feed molecules actuatdergo initiation, but these
reactions are necessary to produce the free radibat drive the rest of the
reactions. In steam cracking, initiation usuallywdlves breaking a chemical
bond between two carbon atoms, rather than the behsleen a carbon and a

hydrogen atom.

CH3CH3 — 2 CH3’

2. Hydrogen abstraction, where a free radical remawelsydrogen atom from

another molecule, turning the second moleculearfiee radical.

CH3* + CH3CH3 — CH4 + CH3CH e

3. Radical decomposition, where a free radical bregiest into two molecules, one
an alkene, the other a free radical. This is tloegss that results in the alkene

products of steam cracking.
CH3CH2¢ — CH2=CH2 + He
4. Radical addition, the reverse of radical decompmsitin which a radical reacts

with an alkene to form a single, larger free radi¢aese processes are involved

in forming the aromatic products that result wheawer feedstocks are used.
CH3CHye + CH,=CH, — CH3CH,CH,CH e
5. Termination reactions, which happen when two fradicals react with each

other to produce products that are not free rasliclvo common forms of

termination are recombination, where the two rddicambine to form one
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larger molecule, and disproportionation, where madical transfers a hydrogen
atom to the other, giving an alkene and an alkane.

CH3* + CH3CH2* — CH3CH,CH3
CH3CHye + CH3CH2e — CH,=CH, + CH3CH3;

Thermal cracking is an example of a reaction inclvlénergies are dominated by
entropy (AS°) rather than by enthalpyKi°) in the free equatioAG°® = AH° - TAS®.
Although the bond dissociation energy D for a carbarbon single bond is relatively
high (about 375 kJ/mol) and cracking is highly eth@omic, the large positive entropy
change resulting from the fragmentation of one dangolecule into several smaller
pieces, together with the extremely high tempeeatarakes AS° term larger than the

AH° term, thereby favoring the cracking reaction.

Thermal cracking doesn't go via ionic intermedialike catalytic cracking.
Instead, carbon-carbon bonds are broken so thateabon atom ends up with a single
electron. In other words, free radicals are forrmeghown in Figure 2.2.

2ic

tl"lEITl‘lEl cracking

éé@é

free "':1-|IEEI]S famned
Figure 2.2 : Thermal Cracking Break Up Structure (Clark, 2003)

Reactions of the free radicals lead to the varmuosiucts.
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2.6.1.2Catalytic cracking

Catalytic cracking breaks complex hydrocarbons sitapler molecules in order
to increase the quality and quantity of lighter,rendesirable products and decrease the
amount of residuals. This process rearranges thlecolar structure of hydrocarbon
compounds to convert heavy hydrocarbon feedstoti lighter fractions such as
kerosene, gasoline, liquified petroleum gas (LP@&gating oil, and petrochemical

feedstock.

Catalytic cracking is similar to thermal crackingcept that the additional
catalysts facilitate the conversion of the heawvielecules into smaller molecules of
desirable products. Use of a catalyst (a materat assists a chemical reaction but does
not take part in it) in the cracking reaction irages the yield of improved-quality
products under much less severe operating condititian in thermal cracking.

Typical temperatures are from 450°-510°C at muetelopressures of 10-20 psi
to aid the process of breaking down large hydramarimolecules into smaller ones.
During this process, less reactive, and thereforremstable and longer lived
intermediate cations accumulate on the catalystSve sites generating deposits of
carbonaceous products generally known as coke. 8apbsits need to be removed

(usually by controlled burning) in order to restoegalyst activity.

The catalysts used in refinery cracking units gpécally solid materials (zeolite,
aluminum hydrosilicate, treated bentonite clay,lefté earth, bauxite, and silica-
alumina) that come in the form of powders, beaddlets or shaped materials called

extrudites.

The zeolites used in catalytic cracking are chasegive high percentages of
hydrocarbons with between 5 and 10 carbon atomarticplarly useful for petrol
(gasoline). It also produces high proportions ofinghed alkanes and aromatic
hydrocarbons like benzene.



25

The zeolite catalyst has sites which can removerdgygh from an alkane
together with the two electrons which bound it he tarbon. That leaves the carbon

atom with a positive charge. lons like this ardethlcarbonium ions (or carbocations).
Reorganisation of these leads to the various ptsdafche reaction.

Fjﬂ‘ii’ﬂ'.F on 1omed '
\
OO0 0 O\ O
1 1 1 1\ I
cr (- o ot - £ 8 o
v ¢ vy
0 O O O . O
’ N - N
| zeoite catalyst | | zeolte catalyst |
\ J \ J

Figure 2.3 : Catalytic Cracking Break Up Structure (Clark, 2p03

There are three basic functions in the catalycking process:

1. Reaction:Feedstock reacts with catalyst and cracks inferdiht hydrocarbons;
2. Regeneration:Catalyst is reactivated by burning off coke.
3.

Fractionation: Cracked hydrocarbon stream is separated into waipooducts.
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2.7 Chemicals

2.7.1 Palmitic acid

Figure 2.4 below shows the structure of palmiticiac

Figure 2.4 :Palmitic Acid Structure

Palmitic acid is a kind of carboxylic acids, witarboxyl (-COOH) molecule as
functional group. The IUPAC name is hexadecanoid agth the molecular formula
(CHs (CH,)14COOH). As its name indicates, it is a major commbre the oil from

palm oil trees and palm kernel oil trees.

Palmitic acid constitutes between 20 and 30 percémbost animal fats and is
also an important constituent of most vegetable {8 — 45 percent of palm oil).
Palmitic acid consists 44% of wrung crude palmaaitl 55% of empty palm fruit bunch.
At room temperature it forms in white crystallinelid. Palmitic acid is used in
industries of rubber latex, plastics, lubricanteage, pharmaceuticals, cosmetics, food

additives and toiletries.

Palmitic acid is stable but it is combustible amttompatible with bases,
oxidizing or reducing agents. Palmitic acid maysmairritation to the eyes, skins and
also to the respiratory tract. Thus, for the peasqrotection we must wear safety
glasses. For transport information, it is non-hdaas for air, sea and road freight. Table
2.4 below shows the physical and chemical propedifepalmitic acid and Figure 2.5
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below indicates the skeleton structure of palmatoced while Figure 2.6 indicates the

structure of palmitic acid.

Table 2.4 :Physical and Chemical properties of Palmitic acid

Other names

cetylic acid, hexadecylic acid,

hexadecanoic acid

Appearance

White chips, crystal or powder

Molecular formula

GeH320;
Molecular weight 256.42 g/mol
Melting point°C 61 — 64°C
Boiling point°C 352°C

Density

0.853 g/crhat 62 °C

Solubility

Insoluble in water

Figure 2.5 : Skeleton Structure of Palmitic adi@almitic acid, n.d)
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Figure 2.6 : Structure of Palmitic Acid
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2.7.2 1sooctane

Figure 2.7 below indicates the structure of isooetdsooctane is one of the

compounds in petrol and exists in palmitic acid.

Figure 2.7 :1sooctane Structure

Isooctane, also known as 2,2,4-Trimethylpentaneanisoctane isomer which

defines the 100 point on the octane rating scale.

Isooctane 100 is a mixture ofgQsoparaffins which contains virtually no
aromatics or sulphur compounds. It is one of themaunds in petrol/gasoline and has
an enthalpy of combustion of -48 kJ/g or -33 kJ/ctedoctane 100 has a range of
properties including low toxicity, lack of colounjgh colour stability, low odour and
rapid evaporation or drying which makes it an eberglsolvent for a variety of surface

applications. It has found particular use in theawtion of fats.
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Isooctane, usually as a mixture with related hydroons, is produced on a
massive scale in the petrol industry. A major uses a reference fuel, used in the
development of new petrol (gasoline) blends. Thed factane' number, familiar from

the garage forecourt, is based on the 2, 2, 4-thiyhgentane standard.

Isooctane is very flammable and incompatible witidzing agents or reducing
agents. It is harmful if inhaled or ingested andyrba harmful through skin contact
because it can cause irritation of eye tissugatron of the respiratory tract and skin
irritant. Thus, for the personal protection we mwstar safety glasses, handle it with
good ventilation and keep away from sources oftigmi Isooctane is very toxic to
aquatic organisms and may cause long-term damagdhetenvironment. Table 2.5
below indicates the physical and chemical propemikisooctane and Figure 2.8 below
indicates the skeleton structure of isooctane Whitire 2.9 indicates the structure of

isooctane.

Table 2.5 :Physical and Chemical properties of Isooctane (@afata for 2,2,4-
trimethylpentane, 2005)

Synonyms Isobutyltrimethylpentane, 2,2,4-Trimetleyltane
Appearance colourless liquid
Molecular formula @H1g or CH;C(CHg),CH,CH(CHz)CHj3
Molecular weight 114.22 g/mol
Melting point°C -107.38°C
Boiling point°C 99.3°C
Density 0.688 g/ml
Specific gravity 0.692
Solubility in water Immiscible




30

Figure 2.8 : Skeleton Structure of Isooctane

Figure 2.9: Structure of Isooctane



CHAPTER 3

METHODOLOGY

3.1 Chemical Substances

The chemical substances used in this research aneitip acid as the raw
material, hexane as the dilution agent and isoectas the standard substance for

analysis.

3.2  Apparatus

Apparatus used in this research is the heating eha260mL, condenser,
thermometer 36, round-bottom flask 50mL and heating plate. Fég8rl indicated

set up of the apparatus.

Figure 3.1 : Set Up of the Apparatus
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3.3  Experimental Works

The related experimental works involved in order @chieve isooctane

production from the samples are divided into fo@jon sections:

i.  Preparation of calibration curve for standard psoectane
ii.  Sample preparation (palmitic acid distillate)
ii.  Analysis the sample using Gas Chromatography Method

iv.  Determination of isooctane concentration obtainesmf palmitic acid

distillate

3.4  Preparation of Calibration Curve for Isooctane
Four calibration isooctane-hexane mixtures (Tabl® are prepared, injected
into several vials, labeled and analyzed using dmematography method to find the

peak area of hexane and isooctane for each catibngboctane-hexane mixture.

Table 3.1 :Sample of Isooctane-Hexane Mixture

Composition (%)

Vial Isooctane (mL) Hexane(mL)
1 10% (1.0mL) 90% (9.0mL)
2 5% (0.5mL) 95% (9.5mL)
3 1% (0.1mL) 99% (9.9mL)
4 0% (0.0mL) 100% (10mL)
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3.5 Sample Preparation
3.5.1 Experiment 1: Palmitic Acid Heating until 98°C

The palmitic acid is heated using combination raigimagnetic stirrer
equipment until it reaches its melting point aP@4At this temperature, palmitic acid
will change its phase from solid to liquid. Aftérat, the heating process continues until
98°C, which is at isooctane’s boiling point. The hychidoon chain in palmitic acid will
break down forming several new compounds. A portiérdistillate at this stage is
withdrawn using a syringe, which then injected iatwial specified for & distillate.

Figure 3.2 below indicates the flow diagram of pheparation method used.

START

Palmitic acid was heated until it melts.

A 4
Palmitic acid (liquid) was heated until its boilipgint, 98C.

l

The sample was analyzed using Gas Chromatographer.

|

The desired peak was matched with the calibratimmec

A 4
The concentration of isooctane in palmitic acid whtined.

l
( Finist )

Figure 3.2 :Flow Diagram of Experiment 1
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3.5.2 Experiment 2: Palmitic Acid Heating until 200°C

The liquid palmitic acid at 9€ is continuously heated until 2D The
hydrocarbon chain in palmitic acid will continuopdireak down forming several new
compounds. A portion of distillate at this stagevithdrawn using a syringe, which then
injected into a vial specified for 280 distillate. Figure 3.3 below indicates the flow

diagram of the method to use.

( START )

A\ 4
Palmitic acid (liquid) was continuing heated ugid’C.

A 4
The sample was analyzed using Gas Chromatographer.

l

The desired peak was matched with the calibratimmec

A 4
The concentration of isooctane in palmitic acid whtined.

C — D

Figure 3.3: Flow Diagram of Experiment 2
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3.5.3 Experiment 3: Palmitic Acid Heating until 300°C

The liquid palmitic acid at 20C is continuously heated until 3@ The
hydrocarbon chain in palmitic acid will continuopdireak down forming several new
compounds. A portion of distillate at this stagevithdrawn using a syringe, which then
injected into a vial specified for 380D distillate. Figure 3.4 below indicates the flow

diagram of the method to use.

( START )

A\ 4
Palmitic acid (liquid) was continuing heated usoId’C.

A 4
The sample was analyzed using Gas Chromatographer.

l

The desired peak was matched with the calibratimmec

A 4
The concentration of isooctane in palmitic acid whtined.

C — D

Figure 3.4 :Flow Diagram of Experiment 3
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3.5.4 Experiment 4: Palmitic Acid Heating until 330°C

The liquid palmitic acid at 30C is continuously heated until 3% The
hydrocarbon chain in palmitic acid will continuopdireak down forming several new
compounds. A portion of distillate at this stagevithdrawn using a syringe, which then
injected into a vial specified for 33D distillate. Figure 3.5 below indicates the flow

diagram of the method to use.

( START )

A\ 4
Palmitic acid (liquid) was continuing heated us8d°C.

A 4
The sample was analyzed using Gas Chromatographer.

l

The desired peak was matched with the calibratimmec

A 4
The concentration of isooctane in palmitic acid whtined.

C — D

Figure 3.5 :Flow Diagram of Experiment 4
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3.5.5 Experiment 5: Palmitic Acid Heating until 350°C

The liquid palmitic acid at 33C is continuously heated until 3%0 The
hydrocarbon chain in palmitic acid will continuopdireak down forming several new
compounds. A portion of distillate at this stagevithdrawn using a syringe, which then
injected into a vial specified for 3%D distillate. Figure 3.6 below indicates the flow

diagram of the method to use.

( START )

A4
Palmitic acid (liquid) was continuing heated ug&d°C.

A 4
The sample was analyzed using Gas Chromatographer.

l

The desired peak was matched with the calibratimmec

A 4
The concentration of isooctane in palmitic acid whkained.

l
( Finisk >

Figure 3.6 :Flow Diagram of Experiment 5
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3.6 Analysis with Gas Chromatographer (GC)

Figure 3.7 below shows the picture of GC used.

Figure 3.7: Gas Chromatographer

3.6.1 GC Condition

Because the gas chromatography method is widelg usemeasuring the
presence and the purity of organic compounds, soattalysis of isooctane standard
mixtures and palmitic acid distillates is carriedt ausing the same method. The
following conditions stated in Table 3.2 are sejad chromatographer.
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Table 3.2 :Gas Chromatographer FID Data Condition (Omar, 2006)

Temperature Column Initial 5G, hold 3 minutes, program at
8°C/min to 185C, hold 5 minutes

Injector Temperature 226
Detector Temperature 25

Injection size 1.0pL (10:1 split)

Hydrogen flow 35mL/min

Air flow 450mL/min
Nitrogen make up 35mL/min
Carrier gas Helium, Compress Airg,HN,

3.6.2 Analysis Method

For analysis, there are 5 samples and 4 standaatis/ere analyzed.

1. Standards Isooctane

. Vial 1 for 10% isooctane
. Vial 2 for 5% isooctane
. Vial 3 for 1% isooctane

. Vial 4 for 100% hexane

All the standards isooctane in all vials (1, 2a8d 4) which contain the mixture
of hexane and isooctane were placed in the gasnatography’s tube rack. GC was set
up according to the GC condition in Table 3.2. éithndards isooctane are then being
analyzed to measure the peak area. Each of theastmisooctane takes about 20
minutes to be analyzed including 5 minutes timedol it down before another standard

isooctane can be analyze.
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Figures 3.8, 3.9, 3.10 and 3.11 showed the pidlstandards in vials that are used for
analysis.

Figure 3.8 : Standard for Analysis (Vial 1)

Figure 3.9 Standard for Analysis (Vial 2)



Figure 3.10 :Standard for Analysis (vial 3)

Figure 3.11 :Standard for Analysis (Vial 4)

Samples

Vial 1 for 98°C distillate palmitic acid

Vial 2 for 200°C distillate palmitic acid
Vial 3 for 300°C distillate palmitic acid
Vial 4 for 330°C distillate palmitic acid
Vial 5 for 350°C distillate palmitic acid

41
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All the samples in all vials (1, 2, 3, 4 and 5) @ihcontain the mixture of hexane
and distillate palmitic acid were placed in the ghsomatography’s tube rack. GC was
set up according to the GC condition in Table Al2samples are then being analyzed
to measure the peak area. Each of the sample &diag 20 minutes to be analyzed

including 5 minutes time to cool it down before #rey samples can be analyze.



CHAPTER 4

RESULT AND DISCUSSION

4.1 Observation

4.1.1 Palmitic acid heated at 9&

At room temperature, palmitic acid was in whitéidséorm. When the heat was
supplied, the palmitic acid started melting and64iC which is the palmitic acid’s
melting point, all of the solid palmitic acid meksid becomes colorless liquid. At the
temperature &, the liquid palmitic acid becomes light white @ol

4.1.2 Palmitic acid heated at 20T

At the initial condition, the liquid of palmiticcad was in the light white color.
The liquid was continuously heated using heatingitelauntil it reaches temperature
200°C. At this temperature, the heated liquid becornmzghbwhite color.
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4.1.3 Palmitic acid heated at 30T

At the initial condition, the liquid of the palmitiacid was in the dark white
color. At the temperature 23D — 250C, the palmitic acid starts vaporizing. A small
explosion occurred in the round bottom flask beeasmme of the vapor does not enter
the condenser. On the other hand, it condensediquiol at the top of internal vessel
and drops back into the boiled palmitic acid. Tiggaitl was continuously heated until
300°C and the small explosion still occurs. At the saimee, the liquid color changes

into yellowish liquid.

4.1.4 Palmitic acid heated at 33T

The heated liquid at the initial condition was yallow color and the small
explosion occurs because of the return drippinthefcondensed vapor into the boiled
palmitic acid. At temperature 33D, the color of the heated liquid changes into isérk

yellow.

4.1.5 Palmitic acid heated at 35T

The darkish yellow liquid at the initial conditiomas continuously heated using
heating mantel until 383C. The small explosion still occurs and it is nekbde be
handled more carefully when collecting the samp#ilthite. The color of the heated
liquid in this process changes into brown. The daraplidifies in the short time when it

is cooled.
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Figure 4.1 below shows the picture of samples.

Figure 4.1 : Samples of Distillate Palmitic Acid

4.2 Results for Standard Isooctane

The standard mixtures contained pure isooctangtatiexane with the amount
recorded in Table 3.1 were analyzed using Gas Ciwagnaphy method. For the vial 1
which is 10% isooctane, the value of the peak avaa 1.44 x 19 pA.s with the
retention time at 2.149 min. The peak area was X.1¢' and retention time at 2.139
min for 5% isooctane in vial 2. For 1% isooctaneia 3, the peak area was 5.14 X 10
at the retention time 2.130 min. All the obtainedults of the standards were recorded
in Table 4.1.
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Table 4.1 :Retention Time and Area for Standard Isooctane

Concentration of Isooctane (%) Retention Time (min) Peak Area (pA*s)
0 0 0.00
1 2.13 2.14 x 10
5 2.139 7.12x 10
10 2.149 1.44 x 10

The Table 4.1 describes the time where the compexnst and also its peak
area. The result shows that the peak area oft@oeds increasing with the amount of
the concentration of isooctane in percent. Theetim minutes indicates where the
compound is existing is between 2.13 minutes atd®minutes. The other peaks that
exist outside from the range are considered asntredesired product. All of the
standard results were plotted to obtain a standaliiration curve as shown in Figure
4.2.

This calibration curve then is used to determine &xact concentration of
isooctane obtained in the @B distillated palmitic acid, 20C distillated palmitic acid,
300°C distillated palmitic acid, 33C distillated palmitic acid and 380 distillated

palmitic acid according to their individual pealeas.
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Figure 4.2 : Standard Calibration Curve

Figure 4.3, 4.4, 4.5 and 4.6 below show the chrograim of the isooctane
standards those consisting 10% isooctane, 5% &oeci% isooctane and 0% isooctane

(100% hexane) that are analyzed by using Gas Chogmagpher.
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4.3 Result for samples (palmitic acid)

4.3.1 Result for 98C Distilled Palmitic Acid

The sample of 9& distilled palmitic acid was analyzed using Gas
Chromatographer and the retention time and areshasvn in Table 4.2 while the
chromatogram is shown in Figure 4.7 (for more dietfer appendix G). The nearest

retention time in sample with standard isooctartentéon time in range 2.130 min to

2.159 min is considered as desired isooctane isdhwle.

Table 4.2 :Retention Time and Area of 98 Distilled Palmitic Acid

Peak Retention Time (min)  Area (pA*s Area (%)
1 1.477 3.73417 0.00047
2 1.559 227.13031 0.02868
3 1.611 96.27958 0.01216
4 1.658 1.50068e4 1.89475
5 1.768 7.69967e5 97.21544
6 1.850 6012.63037 0.75915
7 1.980 32.08628 0.00405
8 2.068 17.38913 0.00220
*9 2.130 657.23083 0.08298
10 2.299 1.03004 0.00013

* Desired isooctane in sample
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Figure 4.7 : Chromatogram of 98 Palmitic Acid

4.3.2 Result for 208C Distilled Palmitic Acid

The sample of 20C distilled palmitic acid was analyzed using Gas
Chromatographer and the retention time and regufieak area are shown in Table 4.3,
while the related chromatogram is shown in Figug (for more detail refer appendix
G). The nearest retention time in sample with stashdsooctane retention time in range
2.130 min to 2.159 min is considered as desiredcisme in the sample.
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Table 4.3 :Retention Time and Area of 2@ Distilled Palmitic Acid

Peak Retention Time (min)  Area (pA*s Area (%)
1 1.472 4.46343 0.00037
2 1.529 99.57352 0.00826
3 1.555 190.94455 0.01583
4 1.608 132.09825 0.01095
5 1.678 1.92801e4 1.59878
6 1.780 1.17697e6 97.59833
7 1.860 8131.28711 0.67428
8 1.989 44.45758 0.00369
9 2.022 69.13501 0.00573
10 2.077 29.82965 0.00247

*11 2.138 978.80133 0.08117
12 2.307 1.69924 0.00014

* Desired isooctane in sample
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Figure 4.8 : Chromatogram of 200°C Palmitic Acid
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4.3.3 Result for 308C Distilled Palmitic Acid

The sample of 30C distilled palmitic acid was analyzed using Gas
Chromatographer and the retention time and regufieak area are shown in Table 4.4,
while the related chromatogram is shown in Figu@ (fior more detail refer appendix
G). The nearest retention time in sample with stathdsooctane retention time in range
2.130 min to 2.159 min is considered as desiredcisme in the sample.

Table 4.4 :Retention Time and Area of 3D Distilled Palmitic Acid

Peak Retention Time (min)  Area (pA*s Area (%)
1 1471 4.23257 0.00039
2 1.554 261.21362 0.02405
3 1.608 117.98956 0.01086
4 1.681 1.79983e4 1.65734
5 1.773 1.05901e6 97.51717
6 1.856 17529.7583( 0.69336
7 1.987 52.57343 0.00484
8 2.021 60.76396 0.00560
9 2.078 30.01020 0.00276

*10 2.138 894.45276 0.08236
11 2.308 1.55715 0.00014
12 2.796 5.69365 0.00052
13 2.876 6.35030 0.00058

* Desired isooctane in sample
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Figure 4.9 : Chromatogram of 30@ Palmitic Acid

4.3.4 Result for 336C Distilled Palmitic Acid

The sample of 33C distilled palmitic acid was analyzed using Gas
Chromatographer and the retention time and regufieak area are shown in Table 4.5,
while the related chromatogram is shown in Figuié@®4for more detail refer appendix
G). The nearest retention time in sample with steghdsooctane retention time in range

2.130 min to 2.159 min is considered as desireactsme in the sample.
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Table 4.5 :Retention Time and Area of 3%DDistilled Palmitic Acid

Peak Retention Time (min)  Area (pA*s Area (%)
1 1471 4.10852 0.00035
2 1.554 277.70157 0.02374
3 1.608 127.43944 0.01089
4 1.680 1.92941e4 1.64921
5 1.777 1.14090e6 97.52126
6 1.856 8182.32813 0.69940
7 1.987 44.14463 0.00377
8 2.020 68.24841 0.00583
9 2.077 33.27420 0.00284

*10 2.137 965.77350 0.08255
11 2.306 1.73327 0.00015

* Desired isooctane in sample
FIDT &, :.:':'t-'d'.lo.ll'jt-E.:l':'l:IIEld Dy -
2 4 8 g 10 12

Figure 4.10 :Chromatogram of 330°C Palmitic Acid
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4.3.5 Result for 356C Distilled Palmitic Acid

The sample of 35C distilled palmitic acid was analyzed using Gas
Chromatographer and the retention time and regufieak area are shown in Table 4.6,
while the related chromatogram is shown in Figuel 4for more detail refer appendix
G). The nearest retention time in sample with stathdsooctane retention time in range
2.130 min to 2.159 min is considered as desiredcisme in the sample.

Table 4.6 :Retention Time and Area of 3%D Distilled Palmitic Acid

Peak Retention Time (min)  Area (pA*s Area (%)
1 1471 5.24573 0.00040
2 1.527 106.81397 0.00806
3 1.554 220.89143 0.01667
4 1.607 145.34619 0.01097
5 1.677 2.11993e4 1.59988
6 1.784 1.29134e6 97.45585
7 1.862 8969.66309 0.67693
8 1.990 52.67149 0.00398
9 2.023 76.27290 0.00576
10 2.088 1860.12720 0.14038

*11 2.139 1073.29834 0.08100
12 2.308 1.70571 0.00013

* Desired isooctane in sample
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Figure 4.11 :Chromatogram of 350°C Palmitic Acid

4.4 Concentration of Desired Isooctane in All Sampk.

The samples were analyzed using the Gas Chronagiogrmethod and the
obtained results were recorded in Table 4.7. Tieevaf concentration of each sample

was calculated from formula shown in the standalibration curve (Y=14439X).

Table 4.7 :Peak Area, Retention Time and Concentration bSamples

Samples (°C) Peak Area (pA*s)  Time (min Concerdra{%o)
98 657.23083 2.130 0.0455
200 978.80133 2.138 0.0678
300 894.45276 2.138 0.0619
330 965.77350 2.137 0.0663
350 1073.29834 2.139 0.0743
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4.5 Discussion

Cracking method is used to breaking up large hgahtlmon molecules into
smaller and more useful bits of hydrocarbon comgsuhe long-chain hydrocarbon
molecules are at first broken up in a fairly randeay to produce mixtures of various
smaller hydrocarbon radicals, and then these risdieaombine in different arrangement
through isomerization process. The desired isoectaolecules are formed through this

process. Some of the rest hydrocarbon compoundsdeaton-carbon double bonds.

From the obtained result, the percentage condenmtraf isooctane obtained in
98°C palmitic acid distillate is 0.0455%, the perege concentration of isooctane
obtained in 200°C distillate is 0.0678%, for 300distillate the concentration is
0.0619%, for 330°C distillate the concentratior®i8663% and at 350°C palmitic acid
distillate the concentration is 0.0743%. These eslare fluctuating. The highest
concentration of desired isooctane is 0.0743% wlict 350°C distillate palmitic acid.
This result means that the temperatures can befaber to get the maximum
concentration of desired isooctane but this facloes not effect too much. This is
because the energy of heat supply randomly att@ck®f the C-C bonds in the palmitic
acid, which make hydrocarbon bonds fairly breakhim random way. High temperature
can only supply more energy to break up the hydhmea bonds but it cannot select

specific desired molecules as expected.

The concentrations of all heated palmitic acid apéained only in the small
amounts. This is because before analyzing the ssmysing Gas Chromatographer, the
samples were diluted twice with hexane as theidituagent. The dilution is required
because only colorless and non-particle liquid darmpn be injected and run using the
Gas Chromatographer, to avoid the blocking occeeem the gas chromatography
column by the solid particles. This dilution maki® concentration of the heated
palmitic acid decreases and at the same time m#deesconcentration of obtained

isooctane decreases too.
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In order to determine the real concentration obctane produced in the sample,
back calculation of the isooctane concentratioemeiation is required. By using back
calculation technique, hexane as dilution agergliminated as the main assumption.
The rest of the sample is recalculated to get tttaaa concentration of the desired
isooctane, which assumes that the samples aretdadjedirectly into the gas
chromatographer, without require any dilution. Hotual concentrations of isooctane in

all samples are recorded in the Table 4.8 andgarEi4.12.

Table 4.8 : Actual Concentration of Isooctane in Samples

Actual Peak Areal Actual Peak Area) Actual Concentration Of
Samples (°C) (%) (pA*s) Desired Isooctane (%)
98 2.980004 23602.68 1.634648
200 3.379732 40755.03 2.822566
300 3.317182 36025.53 2.495016
330 3.330321 38599.19 2.673259
350 3.183775 42186.91 2.921734
All of the calculations are shown in appendix Ata back.
1.60E+05
y = 14439x
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Figure 4.12 :Concentration of Actual Desired Isooctane in taenfles



CHAPTER 5

CONCLUSION

5.0 Conclusion

The purpose of this project is to investigate tighést concentration of biopetrol

(isooctane) in palmitic acid.

From the obtained result, the percentage conderiraf isooctane obtained in
98°C palmitic acid distillate is 0.0455%, the perege concentration of isooctane
obtained in 200°C distillate palmitic acid is 0.@84, for 300°C distillate palmitic acid,
the concentration of desired isooctane is 0.0618#:330°C distillate palmitic acid, the
concentration of desired isooctane is 0.0663% ar86@°C palmitic acid distillate the

concentration of desired isooctane is 0.0743%.

Thus, the highest concentration of biopetrol (iane) obtained is 0.0743%
which is at 350°C distillate palmitic acid and aftke back calculation without dilution
agent (hexane) the highest concentration is 2.92%ngperature 35C palmitic acid.

Biopetrol from vegetable oil is biodegradable, roric and environmental
friendly substance. So by producing biopetrol frpatimitic acid, it can help to recover
the decrease of fossil fuel, reduces water angdiution and also reduces the amounts
of wastes disposed among vegetable oil productions.
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51 Recommendation

This research was extended to understand the fusrdtain of cracking
hydrocarbon. To further establish this method @fcking, it is necessary to develop
advanced analytical method for the qualitative gudntitative analysis of palmitic acid
in producing biopetrol. The development of realditechniques such as spectroscopy is
useful in confirmation of identification of the Imetrol in palmitic acid and should be

considered in future.

In order to increase the concentration of biopdiismoctane) in palmitic acid, it
is recommended to use catalytic cracking methodchwmeans the cracking process
using solid catalyst instead of thermal crackingisTis because the catalytic cracking
using certain heterogeneous solid catalysts is mibeetive and it is already practiced in

all petroleum refineries.

Before staring the cracking process, the whole alessould be evacuated to
prevent oxygen from involving reaction during criagk process, in order to avoid
oxidation. Optionally, the whole vessel should itled first with either nitrogen (B or
inert gas to ensure the cracking process is effeetnd the desired product amount will

increase more than this current process.
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APPENDIX A

Example of Calculation

For 98°C heated palmitic acid,

Actual peak area isooctane (%) = [peak area isoedi®)/ [100-peak area hexane
(%)]1*100
=[0.08298/ (100-97.21544)]* 100
=2.98%

Actual peak area (pA*s) = [peak area isooctane¢p/peak area isooctane (%)]*actual
peak area of isooctane (%)
= [657.23083/0.08298]*2.98
= 23602.68 pA*s

From the equation shown in standard calibratione(Figure 4.2):
Y=14439X

Actual concentration of Isooctane (%) = actualkpaea (pA*s)/ 14439
= 23602.68/14439
=1.634648%

The others calculations are using same methodenmided in table below.
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U

Peak Area| Peak Actual Actual
Desired Area Actual Peak | Concentration Of]
Samples Isooctane | Hexane Area Peak Area | Desired Isooctang
(°C) (%) (%) (PA*s) | Area (%)| (pA*s) (%)

98 0.08298 | 97.21544657.2308| 2.98000423602.68 1.634648
200 0.08117 | 97.59833978.8013| 3.37973240755.03 2.822566
300 0.08236 | 97.5171]7894.4528| 3.31718236025.53 2.495016
330 0.08255 | 97.52126956.7735| 3.33032138599.19 2.673259
350 0.081 97.455851073.2983 3.183775| 42186.91 2.921734




APPENDIX B
Material Safety Data Sheet
Safety Data for Palmitic Acid

General
Synonyms: cetylic acid, hexadecylic acid, hexadewaacid
Molecular formula: GsHz20;
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 crit): 0.84

Stability

Stable. Combustible. Incompatible with bases, axmdj agents, reducing agents.

Toxicology

Skin, eye and respiratory irritant.

Toxicity data

(Refer appendix C)

ORL-RAT LD50 > 10000 mg K{
IVN-MUS LD50 57 mg kg



Risk phrases

(The meaning of any risk phrases which appearighsiction 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 appetisrsection is given in
appendix E)

S26 S36.

67
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Safety Data For 2,2,4-Trimethylpentane

General

Synonyms: isobutyltrimethylpentane, isooctane
Molecular formula: (CH)3CCH,CH(CHs):

CAS No: 540-84-1

EC No: 208-759-1

Annex | 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 Hg at 21 C
Specific gravity: 0.692

Flash point: -7 C (closed cup)
Explosion limits: 1 - 6%

Autoignition temperature: 396 C

Stability

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

Toxicology

Harmful if inhaled or ingested. May be harmful thgh skin contact. Eye,
respiratory and skin irritant.
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Risk phrases

(The meaning of any risk phrases which appearighsiction is given in
appendix D)

R11 R20 R22 R36 R37 R38 R50 R53 R65 R67.

Environmental information

Very toxic to aquatic organisms - may cause lomgitdamage to the

environment.

Transport information
(The meaning of any UN hazard codes which appetnisrsection is given
appendix F)
UN No 1262. Hazard class 3.0. Packing group Il

Personal protection

Safety glasses, good ventilation, keep away froamcgs of ignition.

Safety phrases

(The meaning of any safety phrases which appetisrsection is given
appendix F)

S16 S26 S33 S36 S37 S39.
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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



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
TD
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 concerdn

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 ohet source of ignition.
R3 Extreme risk of explosion by shock, frictiomefor other sources of
ignition.

R4 Forms very sensitive explosive metallic compaund
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 Flammabile.

R11 Highly flammable.

R12 Extremely flammable.

R13 Extremely flammable liquefied gas

R14 Reacts violently with water.

R15 Contact with water liberates extremely flamreajdses.
R16 Explosive when mixed with oxidizing substances.
R17 Spontaneously flammable in air.

R18 In use, may form inflammable/explosive vapaumaxture.
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 proloegedsure.
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 aqu@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 therenrient.
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 drynessainga
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 nafeliquid).

S6 Keep under ... (there follows the name of art ig&s).

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 foodstuff

S14 Keep away from ... (a list of incompatible miate 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 immediatelith plenty of
water and seek medical advice.

S27 Take off immediately all contaminated clothing.

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

S30 Never add water to this product.

S33 Take precautionary measures against static disarges.

S35 This material and its container must be dispo$sén a safe way.
S36 Wear suitable protective clothing.

S37 Wear suitable gloves

S38 In case of insufficient ventilation, wear shigarespiratory
equipment.

S39 Wear eye / face protection.

S40 To clean the floor and all objects contaminatethis 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 hazamddomnass explosion
hazard
o 1.3 Substances which present both a fire hazarcanithor blast or
projection hazard (or both) but not a mass expiokazard
o 1.4 No significant hazard
o 1.5 Very insensitive substances with a mass exgtdsazard
o 1.6 Very insensitive articles with no mass explogiazard
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 substancesahd desensitized
explosives
o 4.2 Materials liable to spontaneous combustion
o 4.3 Substances which, in contact with water, relé@snmable 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
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APPENDIX G

Result Chromatogram

Data File C:\CHEMIZ\I\DATANPSM\180308000001.0
Sample Name: 98FA

T e e e T T R R S e
Acg. Operator : RORA Seq. Line ; 1

Acg. Instrument ; Instrument ] Location @ Wial 1
Injection Date : I8/03/2008 11:25:06 Inj @ %

Iny Voalume @ 1 pl

Acg. Method : C:ACHEM3IZA\IAMETHODS\ISOOCTANEZ30108.M
Last changad + 18/03/2008 11:04:51 by HORA
Analysis Method : C:iACHEMI2N1\METHORSADEF GC.M
Last changed 31970372008 11:30:05 by WORA 1q* saeale

_ imodified after loading) ’ it S -
FID1 A, {PEMUEN30B000061.0) |
oA | 2

| -
|
300050 | |

%BWE.

200000

160000

100000 -

50000 -

Sl T

4 - L R - “_ 16 min

L B EEEE S S s EEE e s — ——S=o—oE=— o= e EHEmEEEE s s mm e e e s s

Sorted By : Signal
Multipliier 2 1.0000
Diluticn : T.0000
Uee Multiplier & Dilution Pactor with ISTDs

Signal 1: FID1 &,

Peak RetTime Type Width Arga: Helght Ares

# [min] [mind fpaivs] leal 3
----------- e e e | e e e e e s S T S |
BV £:0194 3. 73417 2.83350 0.00047

477
-559 WV D.0295 227.13031 104.11143 0.02868
&1L WV D.0243 96.27958 55.42627 0.01216

i
p =
i, & D.0340 1.50068e4 5656.537842 1.89475
£ 1,768 WV 8 0D.0370 V.699687eh 3.46753a5 97.21544
- B 1.850 vB 5 0:0143 6012.63037 6228.57861 0.75815
71,980 BV X ©.0144  32.08628  26.07384 0.00405
8 2,068 Vv X 0.0244 17.38913 9.9430% 0.00220
(e (8) 2.130 VB X 0.0176 657.23083 S61.849355 0.0829%
=% 16 2.293 BB 0.9157 1.,03004 1.024312 0.00013
Torals i 7.92021e5 3.59408a5

Instrument 1 I9/D3/2008 11:40:45 HORA Page 1GE T



Qata Filé C:\CHEM3Z\1\DATA\PSM\180308000002.0
Sample Name: 200BA

Acg. Operator ;' NORA Seq. Line i
Acg. Instrument : Instrument 1 Location + Vial 2
Injection Date ¢ 18/03/2008 11:48:42 Inj :

) : Inj Volume ¢ 1 pl
Acg, Method : C:\CHEM32\1\METHODS)\ I5COCTANEZ30108. 1
Last changed $O18/03/2008 11:04:51 by NORA
Rnalysis Method : C:A\CHEM3Z\1A\METHODEADEF GC.M

_Last changed 2 109703/Z008 11:30:05 by MORA
____[modified after loading) - 2rdl sanple R
FIDT 4, (PSMTE0308000002.0) |
o g
T
ﬂﬁWbWE
|
suwoaw '
250000
{
1
200000 |
150000 |
e
100000
‘ 50000
n-:L = e .
T - T I i} ™ ™ -'I r T r 1 T L2 T T T 1 =T N | I g * L - e '\:I d
‘ - | 8 R W RIS R T

Area Percent Report

NN RN R R S T T S S S S SR S S N R AN S SN ESSE IS S S aE O

Sorted By 4 Signal
Multiplier " 1.0000
Filution k 1.0000

Use Multiplier & Dilution Facter with ISTDs

Signal 1: FIDL &,

Peak RetTime Type Width hrea Height Area
B {min] fmin] [pA*s] [Dh] 8

e [ fmma e el [y P o
1 14472 BV 0.0178 446343 3.78646 0.00037
2 1.528 vV 0.0184  99.57352  80.70969 0.00826
3 1.853 V¥ 0.0190 190.94455 15%.47812 0.01583
1.608 V¥ D.0222 132.09825 89.78237 0.01895
0.0335 1.92801ed §R20.33965 1.59874
0.0500 1,17687:6 3.%2158e5 97.59833 ho
9.0194 B131,28711 8328.32129 0.6742d "'?',-wj"
0.0134  44.45758  49,70765 0.00369 -5 o

0.0133  69.13501 78.32195 ©.00573 =

D.022%  29.82965  18.39485 0.00247
; .1 0.0167 §78.80133 898.07068 0.08117
L2 2.307 BB 0.0159  1.69924 1.66136 0.00014

@gmw@wa
u
)
o
-1
W
w
-
SRR ML

Totals 1.205593e6 4,10688e5

Instrument I 13/03/2008 11:41:46 NORA Page 1 of 2



Data File C:\CHEM3Z\1\DATA\PSMA\IHOI0BOOODO3.D

Sample Wame: 300PA

e T T e T T Y P 0 1 8 0 e e e e o

Acg. Cperator

: HORA

8eq. Line ; 3

Bog, Ipebyument ¥ Inekwumann 1 Tomabion « Wil 7
Injection Date : 18/03/2008 12:12:17 Inj i i
Inj Volume : 1 pl
Acg. Method 1 L \NCHEM3Z2\1\METHODS\ISOOCTANEZ 301 08. M
Last changed + 18/03/2008 11:04:51 by NORA
Anadysis Heliwd o CNCREH3Z\1\HETROLSALET GC.i
Last changed ¢ 1970372008 11:30:05 by NORA g
et F1ad after losding) Eldinis:
FID1 A, (PSMVIS0308000003.0) '
oA | n
‘ i
350000
o
250000 |
‘ Ea:e:rsl{
!
‘ 150000 |
100000 J
| ] |
snuruu-]_ '
| g ‘
. ERE
o S, - S == = |
| Y S
= 0 _— 4 00 & LI | 12 W 16 min
Area Percent Report
Sorted By 3 Signal
Maltiplier H 1.0000
Bilubion -] 1.063G
Use Multiplier & Diluticn Factor with I§7Ds
Signal 1: FLDL A,
Peak RelTime Type Width Area Height Area
#  [min] [min] [ph*s] £=2.8] %
R S ke | Poaiichgn i S e S et S I e e |
1 1.471 Bw 0.0182 4.23257 3.46966 0.00039
2z 1.554 W 0.0292 261.21362 126,08791 0.02405
3 1.608 WV D.0258 117.98956 69.42856 0,01086
4. 1.681 Vv 5 0.0310 1,79983e4 7T787.11084 1.65734
i (5) 1.973 YV 5 0.044% 1.0590%ef 3.93241cB 57.51717 1058
Tr OB LluBBS VB S D.0202 7529.75830 6636.45215 0.69336 ?n.,.m
7 1.987 BY X' D.0207 52.57343 44.8B383  D,DO484 et oo
9 2,081 VWX 0.0170 60.76396  59.56438 0.00560 < 0"
-~ 2.078 VW X 0.0264  30.01020 15.61306 0.00276 =
(0107 2,138 VB X D.02D8  §94.45276  704.42517 0.08236
4 Tl 2,308 BR 0.0218 1.55715 l.22846 0,00014
12 2.796 BB 0.0273 BL69365 3.27900 0.00052
13 Z.476 BH 0.6246 6.35030 3.98460 D.DOOSE
Totals 1.085%5%7e6 4.0B696eh
Instrument 1 I19/03/2008 11:43:3% NORA Page 1 of 2
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MULE B AT L VLAREIZ VL VWUATAVESMALEUIDE000004. D
Sample Name: 330PA

rx; =
e I B 5 50 0 0 0 2 25

Acg. Operator : NORA Seq. Line ; q
ﬂnq Trotvomank Trokrumani 1 ngagian CYial 4
Injection Date : 1B/03/2008 12:35:5% Inj : : :

Inj Volume : 1 pl
Acg. Method 1 Cr\CHEM3Z\1\METHODS\ISOOCTANEZ30104.M

Last changed : 18/03/2008 11:04:51 by NORA
Analysls Weliwd . C.ACHENSEZNI\HETAGDS\GEF GC.A
Last changed : 19/03/2008 11:30:05 by NORA
. Imodifiad after loading)

FID1 A, (PSMI1B030B000004.0) SRS ——— -
pA | =
] ~
4 -
| 400000 |
1 |
350000
| 1
200080 J
| 250000 -
200000 |
1snmu1
100000 I
| 50000 &
f_! [ I..
o S
- R | 8 1w 12 14
“---------..--l----ﬂﬂ-ﬂ------'-'_-‘----‘----nnn:::::::m---------------.

Area Percent Report

O O £ M M RS S ST

Sorted By i Signal
Multiplier : 1.0000
;a‘.:u'n.al.uh 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FID1 A,

Peak ReiTime Type Width Aiema Hedight Afrea
#  [min] [min] [pa*s] [pAl 3
EEisjesiiioy [ (e jRuiuiiings it ['mesemnan 1
1.471 BV 0.0180 4.10852 3.42344 0
1.554 Vv 0.0286 277.70157 137.34618 O
1.600 WV 0.0202 127.43944 77.30470 0.01089
0.0312 1.92%41e4 8593.01270 1.
0.0443 1.14090e6 4.28794e5 97.
0.0180 8182.32813 7326.43115 0.69940
0.0173 44.14463 41.9313% 0.00377
0.0les 63.24841 67.86493 0.00583
0.0245 33.27420 18.93506 0.00284
? 0.0201 965.77350 796.72125 0.08255
2.306 BB 0.0207 1.73327 1.37500 0.00015

=0T RN R R S
e
. e
oo
b LA
=
W o=
< mw
HMHMXEWL WY

[a—

Totals : 1.16990e6 4.45858e5

Instrument 1 19/03/2008 11:45:22 NORA Page

T

16 min

1of 2
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Data File C:A\CHEM3Z\1\DATA\FSM\1HB030B000005.0
Sample Hame: 350FA

SRS A SN RSN SRR ST SRS = Y- —

Rog. Cparator : NORA Seg. Line : 5

Acg. Instrument : Tnetrument 1 _ Lomation ¢ Vial 0

Injection Date ¢ 18/03/2008 12:59:29 Inj 1
Inj Volume : 1 pl

Acg. Method : Qi NCHEM32\1\METHODSN\ISODCTANEZ30108 .M

Last changed : 18/03/2008 11:04:51 by NORA

Analysis Method @ Ct\CHEMIZ\I\METHODS\DEE GC.H

Last changed + 15/037/2008 11:30:05 by NORA SAL $9ﬂ“rlt'

(modified after loading)

FiDi A, (PSIIS0I0000005 D] - |
e
| 400000 '1

—— 17484

‘_ ) ' SR A & 0 2 1 16 mi

i B S R RN N RN A S SO S SRS eSO S SR R R SRR

Area Fercent Report

s===== B Ss=S=sEsS=SSSISsSSsSsSsSIF ST oI T T

Serted By : Signal
Multiplier ¢ 1.0000
Dilution i 1.0000
Usa Maltiplier & Ddlution Factor with ISTDs

Signal 1: -FID1 B,

Peak RetTime Type Width Araa Relght Area
i [min] fmin} [ph*s] [pA] )

1:471 BV Q0153 5.24573 4.73137  0.00040
1.527 wv 0,0171 106.81397  94.81392 (.00806
1.554 wW 0.0187 220.8%143 188.34250 0.01667
1,607 Vv 0.0227 145.34619 101.50749% 0.01097

1.677 W 8 0.0354 2,115883ed4 89365.96875 1.595988
5 0.0520 1.29134e6 4.13578e5 97.45535
8 0.0135 §969.66309 9964.27832 0.67693
1,990 BV % 0.0127  52.6714%  3.10130 0.00398 ‘
2.023 0V % D.0143  T76.29290  BH.T4428 0.00576 '}.?-\J‘n
2.086 VB 5 0.0131 1860,17720 7153.94019 0,14038 Tl
Ce @ 2,139 BB X 0.0158 1073.29834 1062.85510 -0.08130 —oib
2.308 BB 0.0135  1.70571  1.89481 0.00013 o
Totals 1.32505e6 4.360668a5

Instrument 1 19/03/2008 I1:49:18 NORA Page 1 of 2



