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ABSTRACT 

The study of fire and explosion in the process related to oil industries has been a significant 

scope in the oil and gas business. In this work, oily mixture liquid samples have been taken 

from PETRONAS Refinery Malacca (PPMSB) drainage system. The aim of the study is to 

investigate the root causes of the fire incident in the drainage system and to provide 

engineering approach system to prevent from the likelihood of the similar case recurrence. 

The result of this study may contribute to minimizing the loss of properties, business and life 

due to fire or explosion. The liquid samples are first going through distillation process to 

extract the oil in the liquid. The oily liquid then is analyzed experimentally to indicate the 

components via Gas Chromatography (GC) as well as the gases that formed when the liquid 

sample is vaporized. Among the components that have been detected are components from 

alkane, alkene, arene, alcohol and haloalkane group. The liquid sample contains large 

numbers of hydrocarbon components (CH-) ranging from C1 to C2s From the GC result, 

several parameters such as average flash point, vapor pressure, boiling point, heat of 

vaporization and molecular weight for the mixture can be estimated. The calculated value of 

average flash point is 88.58°C and the molecular weight of 188.01 g/mol. Average enthalpy 

of vaporization of the sample is 44.81 kJ/mol, vapor pressure of 0.62 mmHg at 25°C while 

the sample's boiling point is 232.65°C. The heat of combustion is measured using bomb 

calorimeter which gives 45.7 kJ/g. These results lead to the determination of several 

parameters such as ignitability, evaporation rate and flash point of the samples. The 

parameters are analyzed using GC, bomb calorimeter, hydrocarbon gas detector and closed 

cup apparatus. Since the first element from alkane group detected in the liquid sample is 

nonane (C9H2o), the gas sample is suspected to contain alkane ranging from methane (CH4) 

to octane (CsH1s). From the GC result, it has been found that the gases presences in the 

sample are ranging between CsH12 and CsHts· 
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1.1 Background Of Study 

CHAPTER I 

INTRODUCTION 

Drainage system in a process plant is a system that will treat all of the effluent 

discharges so that they are safe to the plant operation as well as meeting the limit of the 

environmental regulations when discharged into public water. Theoretically, this can be 

achieved by ensuring proper segregation of the different effluent categories and proper 

estimation of the drainage rates with provisions for upset conditions such as fire and 

flooding (SOGT, 2008). 

In normal practice, contaminated water will be treated according to its source and the 

level of oil contamination in it. Normally they are segregated into two types (SOGT, 

2008): 

• Continuously Oil Contaminated (COC) water 

• Accidentally Oil Contaminated (AOC) water 

COC water comes directly from the process, specifically from the draining of the 

equipment's process liquid while AOC water is the water that comes from the 

firefighting and rain. AOC water is contained with a smaller amount of oil inside it 

compared to the COC water. 

The presence of hydrocarbons in the drainage system exposes the system to the 

possibility of fire and explosion event. Fire triangle indicates that three elements 

necessary to ignite ordinary burning and fires are fuel, oxygen and heat. Hydrocarbons 

fall in the fuel category. Fire might end up in explosion, provided that certain 

parameters, i.e. the Lower Explosive Limit (LEL) and Upper Explosive Limit (UEL) of 

the hydrocarbon are met. The liquid waste in the drainage system contains 

hydrocarbons and oil and they can cause fire and explosion when this mixture 
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vaporizes. In this study, investigation of fire and explosion will be studied for a sample 

taken from the drainage system of one refinery plant in Malaysia. 

1.2 Problem Statement 

A refinery plant is a plant that produces various products such as Liquefied Petroleum 

Gas (LPG), petrochemical naphtha, motor gasoline, kerosene/Jet A I and diesel. 

Drainage system in this plant contains various type of wastewater collected from all 

processes involved with different chemicals and process conditions. The waste in the 

drainage is mainly in the liquid form. However at certain conditions, some of the 

components from the liquid sample can vaporizes and turns into vapor form. Fire event 

can occur in the drainage system if all three elements - oxygen, heat and fuel present in 

the system. Based on the previous fire incidents in a plant, an investigation will be made 

on the sample taken from a refinery's drainage system. This will determine the type of 

elements presented in the sample that might be the fuel for the fire event to occur as 

well as the presence of oxygen and heat. By doing this investigation, necessary actions 

will be suggested to minimize the fire and explosion from occurring. 

1.3 Objectives Of Study 

Upon completing the project, a few objectives need to be achieved. The objectives of 

the study are as follows: 

1. To investigate the root causes of fire and explosion incidents in the drainage 

systems related to process industries. 

ii. To investigate fire and explosion characteristics in the petrochemical drainage 

systems including LEL, UEL, maximum explosion overpressure (MEO) and 

minimum oxygen concentration (MOC). 

iii. To predict dangerous concentration level and to propose method for fire and 

explosion precaution. 
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1.4 Scope Of Study 

This study is limited to below considerations only: 

i. System 

From all of the systems involved in a plant, only drainage and waste water treatment 

system are taken into consideration for fire and explosion investigation. 

11. Types of Hazards 

Consideration only made on the tire and explosion hazards. 

111. Equipment Limitation 

All calculations are solely based on the measurable data gathered by available 

equipment only. They are gas chromatography for combustible liquid and hydrocarbon 

gas detector for combustible gases. 

iv. Analysis of Results 

Results obtained from the tests will be analyzed and interpreted. The risk assessment for 

each model will be conducted according to the tests results. 

v. Processlndustry 

The drainage system of a refinery plant is selected to be studied. 
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CHAPTER2 

LITERATURE REVIEW 

For the literature review, in this beginning stage, focus will be given in identifYing past 

incidents in refinery plants as well as properties of liquid and gas that are significant in 

the ignition of fire that may also result in explosion. These properties will be useful in 

the later stage of investigation, after getting the composition of gas and liquid from the 

sample. 

2.1 Past Fire And Explosion Incidents In Refineries 

As mentioned earlier, a refinery plant produces various types of products. Refineries 

possess a large inventory of hazardous material, which exceed the threshold quantities 

and, therefore, are classified as major hazard installations (Shaluf et al, 2003). 

Typically, system accidents occur because of unanticipated interactions among multiple 

failures. One component's failure triggers failures in other components or subsystems. 

Due to the high complexity and level of interaction among subsystems, designers and 

operators are unable to predict failures or their mutual interactions. Table 2.1 

summarizes several reported accidents in refineries in the world up to year 2003. 

From Table 2.1, fires and explosions contributed to total I 03 fatalities and I 00 injuries. 

From the table, it is also shown that there are various products in refinery involved in 

the accident which means that fire and explosion accidents happened in a particular 

system or equipment in a refinery, not the whole plant. It is suggested that poor project 

management, poor design, modifications, poor operation procedure, poor 

communication and coordination were the main causes that led to the incident (Shaluf et 

al, 2003). 

In the drainage system of any petroleum-related plant, large quantities of water may be 

used to fight fires in facilities handling chemicals. Since most flammable materials float 

on water there is the potential for fire protection water to spread the fire. In addition, 

many chemicals have the potential to contaminate the soil and groundwater. Water used 
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for firefighting can disperse these chemicals thus spreading the pollution. As a result 

there is a need for drainage system to control water runoff. An equally important point 

to make is that drainage systems can control the flammable liquid spills. 

Table 2.1: Fire and Explosion Accidents in the World 

Origin of Accident Date Location Product Involved No. of 

Dead Injured Evacuated 

ExplosSon at refinery 1304.91 USA, Sweeny Petroleum - 2 

Explosion at refinery 24.07.94 UK,Pembork 26 -

Explosion at refinery 03.11.90 USA, Chalmette Cloud of flammable - -
gases 

Explosion at refinery 22.01.88 China, Shanghai Petrochemicals 25 17 -
Fire at refmery 03.11.91 USA, Beaumont Hydrocarbons - -
Fire at refmery 12.01.91 USA, Port Arthur Petroleum - -

Fire at refinery 30 1190 Saudi Arabia. Ras Tan Kerosene and I 2 -
benzene 

Fire at retinery 09.11.88 India, Bombay OJI 35 16 -
Fire and explosion at 24.01.95 Indonesia, Cilacap Gas - -
refinery 

Vapor cloud ftre explosion 2003 Rosharon, Texas 3 4 -

Decomposed 1999 Allentown, Hydroxylamine 5 2 -

hydroxylamine Pennsylvania 

Refinery fire 14.o9.97 India, V ishakapatnam 34 31 150 000 

Total 103 100 1581110 

2.2 Petroleum Refinery 

A petroleum refinery plant separates crude oil into liquefied petroleum gas, naphtha 

(used to produce gasoline by blending with octane boosters), kerosene/aviation turbine 

fuel, diesel oil, and residual fuel oil. Catalytic cracking and reforming, thermal 

cracking, and other secondary processes are used to achieve the desired product 

specifications. Certain refineries also produce feed stocks for the manufacture of 

lubricating oils and bitumen (Dikshit et al, 2005). 
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2.2.1 Liquid Waste in Refineries 

Petroleum refineries use relatively large volumes of water, especially for cooling 

systems. Surface water runoff and sanitary wastewaters are also generated. The quantity 

of wastewaters generated and their characteristics depend on the process configuration. 

As a general guide, approximately 3.5 to 5 m3 of wastewater per ton of crude are 

generated when cooling water is recycled (World Bank, 1998). Wastewater from the 

refinery plant contains petroleum hydrocarbons, heavy metals, sulfur and ammonia (AI

Haddad et al, 2007). Petroleum refineries eliminate salts in their feedstock since these 

corrode and foul process equipment. The first refining step is desalting where a hot 

water wash extracts the salts. If feedstock contains aromatics then some will be in the 

desalter effluent and this is a major source of refinery wastewater containing Volatile 

Organic Compounds (VOCs). Usually the desalter is the major source of contaminated 

process wastewater and typically also has the highest benzene, toluene, ethylbenzene, 

and xylenes (BTEX) content. At several refineries, the desalter effluent flow has been 

as high as 50% of the total wastewater flow and over 70% of total BTEX discharge. The 

effluent also is poor in Nitrogen (N2) concentration (Russel, 2006). 

2.3 Drainage Facilities 

Drainage facilities should be designed to simultaneously carry flammable liquid and fire 

protection water away from buildings, structures, storage tanks, pipe racks and process 

equipment. Drainage system should not be expose adjacent plant facilities to burning or 

toxic materials during an incident. This may require diversionary curb, trenches, 

collection sumps, skimmers and holding ponds or basins. 

In many cases, the water and chemicals collected during an incident will need to be 

pretreated prior to disposal in a waste water treatment facility, or the rate that these 

materials are introduced to the treatment process controlled. Small holding basins for 

specific process areas should be sized to hold 30-60 minutes of discharge as a 

minimum. There is potential for fires of long duration such as in petrochemical and oil 

refining facilities, special precautions may be necessary. It may be possible to separate 
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organics from fire water prior to disposal, thus reducing the size of the required holding 

area. It is noted that the potential for soil and water contamination should not be used as 

a reason to avoid providing fire protection or drainage system (Bellinger et al, 1996) 

2.4 Properties Of Combustible Gases And Liquids 

2.4.1 Flash Point 

This is the lowest temperature at which a liquid gives off sufficient vapor at its surface 

to form a flammable or an explosive mixture (Crowl and Louvar, 2002). Many 

hazardous liquids have flash points at or below room temperature and are covered by a 

layer of flammable vapors that will ignite immediately if exposed to an ignition source. 

Vaporization increases as temperature rises and consequently they are more hazardous 

at elevated temperatures. 

2.4.2 Auto Ignition Temperature 

This is the minimum temperature for self-sustained combustion of a substance, 

independent of the heating or heated element (Crowl and Louvar, 2002). This 

temperature is generally well above the open-cup flash point, minimum temperature at 

which the liquid gives off sufficient vapor to form an ignitable mixture with air. 

2.4.3 Lower Explosive Limit (LEL) or Lower Flammable Limit (LFL) 

This is the minimum concentration of a flammable gas or vapor that will propagate 

flame when exposed to a source of ignition (General Monitors). Commonly abbreviated 

LEL or LFL, a mixture below this concentration level is considered too "lean" to burn. 

An increase in atmospheric temperature or pressure will decrease the LEL of a gas or 

vapor. 

2.4.4 Explosive Range 

This includes all concentrations (measured as a percent of volume in air) of a flammable 

gas or vapor that will propagate flame when exposed to a source of ignition (General 

Monitors). Many common flammable liquids have very wide explosive ranges. The 
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explosive range of all flammable gases and vapors will vary with temperature and 

pressure. 

2.4.5 Upper Explosive Limit (VEL) or Upper Flammable Limit (UFL) 

This is the maximum concentration of gas in air that will combust (Crowl and Louvar, 

2002). Any higher percentage of combustible gas or lower amount of oxygen in the 

mixture of the two, and the mixture will be too "rich" to sustain combustion. 

2.4.6 Vapor Density 

This is the relative density of the vapor as compared with air. It is calculated as the ratio 

of the molecular weight of the vapor to the molecular weight of air (General Monitors). 

A vapor density less than one indicates that a substance lighter than air; conversely, 

densities greater than one indicate a substance heavier than air. All flammable liquid 

vapors are heavier than air and can travel along a gradient for considerable distances to 

an ignition source. 

2.5 PETROLEUM GASES 

Petroleum gases generally consist of more than 70% methane (C~) and less than 10% 

carbon dioxide (C02) (Doyle, 2001). Ethane concentrations are commonly less than 

I 0% and rarely exceed 20%. In most cases, propane concentrations are less than 5% and 

n-butane concentrations are less than 2%. Methane, the most presence gas in petroleum 

is combustible in air in concentrations from 5 % (LEL) to 15 % (UEL) by volume. A 

combustible concentration of methane can be ignited by weak spark (electrical, 

frictional or static), which produces a high temperature for a short duration. It can also 

be ignited by a hot surface or an open flame. Methane's autoignition temperature is 

about 537°C, its combustion is highly exothermic and once initiated are self propagating 

(Doyle, 2001 ). Table 2.2 shows the properties of several gases and liquids that are 

related with the fire and explosion analysis (General Monitors). 
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The number of carbons in a hydrocarbon molecule determines its burning characteristic. 

However, a simple rule of thumb can be used in determining using hydrocarbon 

formula, whether it is a flammable gas or liquid or semi solid or solid. The number of 

carbon atoms in a hydrocarbon molecule gives the molecule its vapor density which 

influences the vapor pressure and the color of the flame. From these factors the 

approximate boiling point, flash point, vapor density and vapor pressure can be 

calculated. Thus, the kind of substance that is burning can be determined. 
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Table 2.2: Properties of Flammable Gases and Liquids 
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2.6 Liquid Evaporation 

The flammable gas mixture accumulated at the top side of the drainage system origins 

from the evaporation of the liquid inside the drain. The initial stage of vaporization is 

usually controlled by the heat transfer from the ground (Crowl and Louvar, 2002). This 

is especially true for a spill of liquid with a normal boiling point below ambient 

temperature or ground temperature (i.e., boiling liquid). The heat transfer from the 

ground is modelled with a simple one-dimensional heat conduction equation given by 

k,(T•- T) 
q = --"--;-;-::-

• (n-a,t) 112 

where: 

qg is the heat flux from the ground (J/s-m2
), 

ks is the thermal conductivity of the soil (J/ms0 C), 

T 8 is the temperature of the soil (0 C), 

Tis the temperature of liquid pool (0 C), 

a, is the thermal diffusivity of the soil (m2/s), 

tis the time after spill (s). 

(2-1) 

At later times, solar heat fluxes and convective heat transfer from the atmosphere 

become important. Evaporation rate due to the solar radiation is given by the following 

formula 

m = Q,o,MA 
wl H 

' 
where: 
m..,. =evaporation rate (kg/s}, 

Osol = solar radiation (kJ/s-m2
}, 

M =molecular weight \kglkgmol}, 
A= area of the pool (m ), 
Hv= heat of vaporization of the liquid (kJ/mol). 

(2-2) 

Correlations regarding liquid evaporation due to several factors (i.e. pool evaporation 

and solar radiation) has been the subject of study for CCPS (1999), Crowl and Louvar 

(2002) and Casal (2008). 
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2.7 Flammability Characteristics Of Vapor Mixtures 

Theoretically Lower Flammability Limit (LFL) and Upper Flammability Limit (UFL) 

for the vapor mixture are needed. These mixture limits are computed using the Le 

Chatelier equation: 

I 
UFLm-x = ----

"\'" Y, 
L..,., UFL , 

I 
LFLm~x = ---

"\'" Y, 
L..,., LFL , 

where: 

(2-3) 

(2-4) 

LFLi = the lower flammable limit for component i (in volume %) of component i in fuel 
and air. 
UFLi =the upper flammable limit for component i (in volume%) of component i in fuel 
and air. 
Yi = mole fraction of component i on a combustible basis. 
n =number of combustible species. 

This simple method of calculation can be used, provided that the experimental data i.e. 

volume percentage for all of the components in the mixture are known (Crowl and 

Louvar, 2002). If the volume percentage (vol %) for total combustible components is 

between the calculated LFLmix and UFLmix, then the mixture is combustible. There are 

several documented works that illustrate the hazards of flammability and explosiveness 

(or volatility) of hydrocarbons. These include the works of Zabetakis (1965), Sax 

(1984) and Kuchta (1985). 

2.8 Ignition sources 

Fires and explosions can be prevented by eliminating ignition sources. The sources are 

numerous and logically it is impossible to eliminate them all. It is important to basically 

know the ignition sources because in most of the situations in the process facilities, it is 

impossible to avoid flammable mixtures as well as the presence of oxygen. The 

elimination of the ignition sources with the greatest probability of occurrence should be 
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given the greatest attention (Crowl and Louvar, 2002). Table 2.3 shows the ignition 

sources over 25 000 major fire cases all over the world. 

Table 2.3: Ignition Sources of Major Fires (Crowl and Louvar, 2002) 

Electrical (wiring of motors) 23% 

Smoking 18% 

Friction (bearings or broken parts) I 00/o 

Overheated materials (abnormally high temperatures) 8% 

Hot surfaces (heat from boilers, lamps, etc.) 7% 

Burner flames (improper use of torches, etc.) 7% 

Combustion sparks (sparks and embers) 5% 

Spontaneous ignition (rubbish, etc.) 4% 

Cutting and welding (sparks, arcs, heat, etc.) 4% 
--------··· 

Exposure (fires jumping into new areas) 3% 

Incendiarism (fires maliciously set) 3% 

Mechanical sparks (grinders, crushers, etc.) 2% 

Molten substances (hot spills) 2% 

Chemical action (processes not in control) 1% 

Static sparks (release of accumulated energy) 1% 

Lightning (where lightning rods are not used) 1% 

Miscellaneous 1% 

Lennard, (2002) made a combustion studies on various heat sources of fires such as 

electrical fires, non-electrical fires, vehicle fires and spontaneous combustion as well as 

the laboratory analysis of fire debris samples. The study is conducted based on hundreds 

of journals. 
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2.9 Fire Prevention By Design 

The reported fire and explosion cases in the drainage and wastewater treatment system 

of the studied plant occurred in the closed area of the drain. Even though most of the 

sections of the plant's drain are opened type, there is also several closed section. Fire 

and explosion might happen because of the accumulating vapor in the upper side of the 

closed space. The most basic practice in the system design is all hydrocarbon areas 

should be provided with maximum ventilation capability. Enclosed spaces are to be 

avoided while the installation of walls and roofs are used only when necessary. 

Attention must also be given in the air circulation. Only open drain can provide the air 

circulation and reduces the vapor concentration. Sources that may lead to the heat 

energy, one of the causes for fire and explosion to occur must also be eliminated. For an 

instance, any works involving the presence of fire such as welding and works with 

sparks should be avoided. As a summary, among the control measures that can be taken 

to minimize fire and explosion risks are as the following (Egypt Oil & Gas Web Portal): 

• Reduce the quantity of dangerous substances to a minimum 

• A void or minimize releases 

• Control releases at source 

• Prevent the formation of an explosive atmosphere 

• Collect, contain and remove any releases to a safe place (e.g. by ventilation) 

• Avoid ignition sources 

• A void adverse conditions (e.g. exceeding the limits of temperature or control 

settings) that could lead to danger 

• Keep incompatible substances apart 
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CHAPTER3 

METHODOLOGY 

The methodology in doing the analysis for the sample is divided into two parts, for 

liquid sample analysis and gas mixture analysis. Combustible gas mixture formed by 

the evaporation of the liquid and for the liquid, apart from its combustible parameters, 

the rate of evaporation and factors affecting the evaporation must be in consideration. 

The gas species that might be evaporated and forms combustible gas mixture must be 

identified and finally, recommendations in minimizing the fire and explosion risk are 

proposed. Figure 3.1 shows the summary of the methodology. 

Methodology 

Liquid Sample Anal~ sis Gas Mixture 

l. Characterizatioa by l. Au lysis 
estimatiag: • GC Analysis 

• Molecular weight • Estimating gas species in gas 
• Flash point mixture 
• Enthalphy of vaporization • Estimating ventilation rate 
• Density required 
• Heat of combustion 
• Boiling point 
• Vapor pressure 

2. Main Calculation 
• Pool evaporation rate 
• Evaporation rate due to solar 

radiation 
• Flammability Limits 
• Estimating damage due to 

overpressure 
• Estimating heat flux from the 

ground 

Figure 3.1: Methodology for liquid sample and gas mixture analysis. 
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3.1 Liquid Sample 

The liquid sample (Figure 3.2) is collected from the drainage line by using a pump and 

transferred into a tightly closed bottle to avoid small molecules from the sample to 

escape. The sample is then stored under the temperature of 5°C to ensure that the 

sample will not vaporize out of the bottle. Then, the sample will be analyzed to measure 

the composition of all combustible species inside. Once the composition being 

identified, the flash point of the sample will be calculated using the open cup 

experiment and the possibilities of the sample to be caught by fire will be determined. 

Figure 3.2: Liquid sample taken from a refinery 

3.1.1 Distillation 

In the beginning part, it was suspected that the liquid sample contain a small amount of 

water. Even though the sample collected does not show any distinctive layers as 

expected, the sample was taken from the drainage and wastewater treatment system 

which might also contain water. The distillation process has been done based on the 

uncertainty about the real liquid mixture composition, where there are probabilities that 

the water is soluble or miscible with other component and if that happen, they did not 

show different layers. 

17 
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Below are the steps to set up the simple distillation apparatus: 

Round bottom flask is held in place in the set-up with a small three-pronged 

clamp with holder . 

2 A ring clamp and three-pronged clamp are placed on the ring stand. The ring 

clamp goes on the bottom and will hold the heat source, a heating mantle. 

3 Secure the round bottom flask to the ring stand using the three pronged 

clamp. 

4 The Y -adaptor is then placed on top of the round bottom flask. 

5 Next, a condenser is added to the Y -adaptor and the connection is secured 

with clip. 

6 The vacuum adaptor is connected to the condenser by using a clip. 

7 After that, a stemmed funnel is placed on top of theY-adaptor and the liquid 

sample is poured so that it goes into the round bottom flask. The liquid 

volume needed is 200 mL. 

8 In a vacuum distillation, a round bottom flask is used as the receiving flask, 

and it is securely attached with either a clamp or a yellow clip. 

9 The next items to be added are the thennometer adaptor and thennometer. 

l 0 The thermometer and thennometer adaptor are connected on top of the Y

adaptor. 

11 Two pieces of Tygon tubing are connected to the condenser: one to each 

connection of the water-jacket of the condenser. The tubing to the lower 

connection goes to the water source; the upper connection goes to the drain. 

Connect two pieces of Tygon tubing to the condenser: one to each 

connection of the water-jacket of the condenser. The tubing to the lower 

connection goes to the water source; the upper connection goes to the drain. 

12 Cooling water is then turned on and the distillation can be started. 

Figure 3.3 shows the simple distillation set up as a summary of step l to step 12. 

IR 
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Figure 3.3: Full simple distillation set up 

The distillation was done without specifying any condition on the experiment. From the 

observation made, the product (clear in colour) starts to be produced at the temperature 

of 184°C and continuously be produced up to the temperature of 218°C. The liquid 

sample's temperature changes between these two temperatures are fluctuating and they 

did not happen in unifonn pattern. After one hour and fifteen minutes, the distillation 

was stopped since there is no significant change happens. The products are as in the 

figure below: 

Figure 3.4: Original sample (200 mL) 

19 



FYP: Investigation of Fire and Explosion in the Drainage System Related to Process Industries 

Muhammad Aizat hin Abd Wahi, 10379, Umvcrs1ti rcknolog• PETRONAS 

Figure 3.5: Distillation product (170 mL) 

Figure 3.6: Distillate (30 mL) 

The black colored liquid contains heavier hydrocarbons compared to the clear one. It is 

expected that water might be in the clear colored product, or the lighter component one. 

All samples then are then sent to be analyzed by using GC/MS. For the clear colored 

sample, purge and trap method has been used by the technician because prior to the 

hydrocarbon identification, water presence will be removed by purge and trap. However 

there is no water found in the sample, meaning that all of the incoming tests can be 

made only to the original sample. 

3.1.2 Determiniag the Composition 

The composition of a liquid sample can be determined by using the gas chromatography 

(GC) which is Shimadzu GCMS-QP5050 type. The GC is used to separate volatile 

components of a mixture. First, before using the GC, water-oil mixture sample 

collected must be extracted to separate the oil from water. A small amount of the oil 

20 
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sample to be analyzed is drawn up into a GC syringe. The syringe needle is placed into 

a hot injector port of the gas chromatograph, and the sample is injected. The injector is 

set to a temperature higher than the components' boiling points. So, components of the 

mixture evaporate into the gas phase inside the injector. A carrier gas, such as helium, 

flows through the injector and pushes the gaseous components of the sample onto the 

GC column. It is within the column that separation of the components takes place. 

Molecules partition takes place between the carrier gas {the mobile phase) and the high 

boiling liquid {the stationary phase) within the GC column. After components of the 

mixture move through the GC column, they reach a detector. Ideally, components of 

the mixture will reach the detector at varying times due to differences in the partitioning 

between mobile and stationary phases. The detector sends a signal to the chart recorder 

which results in a peak on the chart paper. The area of the peak is proportional to the 

number of molecules generating the signal. To determine the percent composition, it is 

needed to find the area under each curve. 

Area= {height) X {width at VJ height) 

GCMS has been used to identify the hydrocarbons in the liquid sample. The sample was 

handed to the GC technical staff and was attached with studied settings. The GC 

settings are as the following: Electron impact ionization, electron energy 70 eV, scan 

range 40 to 500 amu at 1 scan/s. Helium is at a flow rate of 1.5 cm3 /min. Samples were 

injected on-rolumn onto a 30 m HPS fused silica capillary column, 0.25 mm i.d, and the 

temperature held at 55 ·c for 2 min, then increased from 55 to 300 ·c at 5"C!min, 

thereafter held at 300 ·c for 40 minutes. 

The full result of the GC analysis is shown in Figure 3.7 and Figure 3.8. All of the 

component presences are shown in Table 3.1. Gas Chromatography analysis shows that 

the liquid sample contains large numbers of hydrocarbon components {CH-) from C7 to 

C23. From the analysis, majority components are in the alkane and alkene group with 

some species from the haloalkane and arene are also in. Out of four peaks (peaks no. 21, 

34, 47 and 59) that each made up more than 5% from the sample, three (peaks no. 21, 

21 
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34, and 59) contains species from alkane group. It can be concluded that the liquid 

sample taken contain heavy hydrocarbon and most of them are from the alkane group . 
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« -Figure 3.7: Gas Chromatography results (Peak No. I to Peak No. 41) 
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Figure 3.8: Gas Chromatography results (Peak No. 42 to Peak No. 77) 
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Table 3.1: Comoonents in Liauid Samole 
PKNO %Total NAME Formula Group Molecular Flash Vapor Enthalpy of Boiling M-. Average Average Average Average 

Area Weight,M Point pressure Vaporization Point Flash Vapor Enthalpy of Boiling 
("C) @25"C (kJ/mol) at760 Point pressure@ Vaporization Point at 

(mmHg) mmHg ("C) 25"C (kJ/mol) 760 
("C) (mmHg) mmHg 

("C) 

I 0 .66 Nonane c.HJo Alkane 128 31 I 4 .63 36.91 151.7 0 .8448 0.20526 0.030558 0 .243606 I 00122 

2 0 .72 4-methyi-1-De<:ene CuHn Alkene 154 48 2.17 38.79 168.1 1.4256 0.6588 0.0078122 0.369972 17244 

1,1 -oxybis-Octane C16ii340 Alcohol 242 135 S.I9E-OS 63.98 310.9 

3 0.29 3,5-dimethyl-octane C1oHu Alk.ane 142 46.1 1.58 38.75 1749 0.3915 0 .11194 0.0090045 0.109707 0.47357 

3-ethyl-4-methyi-Hexane 4H20 Alkane 128 31.1 4.63 36.91 IS1.7 

4 0.24 2-methyl-Nonane C,oHn Alk.ane 142 46.1 1.58 38.75 174.9 0.324 0 .09264 0 .007452 0.090792 0.39192 

Nonane c9~ Alkane 128 31.1 4.63 36.91 151.7 

s 0.35 4-methyl-1-Decene CuHn Alkene 154 48 2.17 38.79 168.1 0.518 0.164675 0.0065625 0.135695 0 .6002S 

2,6-dimethyl-octane C,oHn Alkane 142 46.1 1.58 38.75 174.9 

6 0.24 1,3,S-trimethyl-benzene 4Hu Arene 120 38.3 3.0 1 38.13 1611 0.288 0 .09192 0.007224 0.091512 0.38664 

2-methyl-3-mthylene-1-hepten-S-yne C9H1z Arene 120 38.3 3.01 38.13 161.1 

7 3.99 nonane c9~ Alkane 128 311 4.63 36.91 lSI 7 53865 I 54014 0 1238895 I 509417 6 .51567 

decane C,oHu Alkane 142 461 I.S8 38 7S 174.9 

8 0 .25 dodecane C,zHZ6 Alkane 170 71.1 0.209 43.4 216.1 0.425 0.1805 O.OO IS146 0.1077417 0.537416 
7 

tetradecane c ,.HlO Alkane 198 99.4 0.0285 4714 253 .9 

decane C1oHu Allame 142 46.1 I 58 38 75 174.9 

9 0.92 4-methyl-decane CuHl4 Alkane 156 60 0.564 41.48 196.3 14352 O.SS2 0.0051888 0.381616 1.80596 

2-methyl-decane CuHz• Alkane 156 60 0 .564 41.48 196.3 

10 0.22 1-chloro-tetradecane c,.H~I Haloelk.a 232 122 0 .00313 Sl II 292.9 O.SI04 0269S 6.886£.{)6 0 .112442 064438 
ne s 

II 0.3 1,3,5-tnmethyl-benzene 4Hiz Arene 120 38.3 3.01 3813 1611 O.SSS 0.3418 0.00301 0.15992 0.887 

E-2-hexenyl benzoate C,,H,60z 204 ISO. 2.23E-OS 6061 360.4 
6 

2-octyl benzoate C uHnOz 234 IS2 I .S7E-OS 61.18 36S.S 
9 

12 0.22 3-methy 1-tridecane c,.HJO Alkane 198 994 0.0285 47.14 2S3 9 O.S92S 0.278813 0 .000192S 0.1121193 0.636606 
333 3 7 

trichlorodocosyl-s1lane Cu~Ci]S1 Hydride 442 203 2 .97£.{)6 62.57 4003 
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4,6,8-trimethyl-1-nonene c.~ Alkene 168 77.8 0.234 43 .18 213.9 

13 0.22 (E)-3-undecene CuHn Alkene 154 48 2.17 38.79 168.1 0.3696 0.14762 0.0025014 0 .091883 0.43758 

(Z)-3-tridecene Ct:Jf26 Alkene 182 86.2 0.104 44.74 229.7 

14 0.4 5-methyl-decane CtsH32 Alkane 212 132. 0.0112 48.83 27Q.6 0.764 0.4066 0.0004404 0.18446 0.9734 
2 

dodecane CuH2t1 Alkane 170 71.1 0.209 43.4 216.1 

IS 0.7 4-methyl-decane CnH24 Alkane 156 60 0.564 41.48 196.3 1.092 0.42 0.003948 0.29036 1.3741 

16 1.9 2-methyl-decane CuH2c Alkane 156 60 0.564 41.48 196.3 2.964 1.14 0.010716 0.78812 3.7297 

17 0.99 3-methyl-decane CnHlc Alkane 156 60 0.564 41.48 196.3 1.8216 0.95139 0.0028472 0.4470345 2.311155 

2,6,11-trimethyl-dodecane CtsliJ2 Alkane 212 132. 0.0112 48.83 27Q.6 
2 

18 0.37 p-cymene CtoHtc A rene 134 46.3 1.7 39.29 173.3 06684 0.315856 0.0021282 o. t6833n 0.87579 
667 7 

5-( I ,5-dim.ethyl-4-heJCenyl)-2-melhyl- Ctsfhc 204 104. 0 .0128 48.6 268.4 
1,3-cyclohexadiene 9 
6-methyl-2-methylene-6-(4-methyl-3- C1sH2• 204 104. 0.0128 48.6 268.4 
oentenvl)-bicvclor3 . l . llheotane 9 

19 0.69 p-cymene CtoHtc Arene 134 46.3 1.7 39.29 173.3 0.9246 0.31947 0.01173 0.271101 l.l95n 

methyl( 1-methylethyl}-benzene CtoHtc Arene 134 46.3 1.7 39.29 173.3 

(I, 1-dimethyl)-tert-butylbenzene CtoHtc Arene 134 46.3 1.7 39.29 173.3 

20 0.4 6-methyl-2-metbylene-6-(4-methyl-3- CtsH2• Arene 204 104. 0.0128 48.6 268.4 0.816 0.4196 0.0000512 0.1944 1.0736 
pentenyl)-bicyclo[3.1.1)heptane 9 
5-( 1,5-dimethyl-4-hexenyl)-2-methyl- Ct5H2• Arene 204 104. 0.0128 48.6 268.4 
I 3-cyclohexadiene 9 

21 7.84 undecane CuH24 Alkane 156 60 0 .564 41.48 196.3 11.132 3.585493 o.1no212 3.0612587 13.66512 
8 3 

nonane ~H20 Alkane 128 31.1 4.63 36.91 151.7 

decane CtoHn Alkane 142 46.1 1.58 38.75 174.9 

22 0.91 2-methyl-undecan.e C12H26 Alkane 170 71.1 0.209 43.4 216.1 1.9292 1.076985 0.0009544 0.4410n 2.42242 

2-methyl-heptadecane CtaHls Alkane 254 165. 0.000769 53.54 316.3 
i 6 

23 0.88 tetradecane c • .HJo Alkane 198 99.4 0.0285 47.14 253.9 1.8656 0.791413 0.0007439 0.406912 2.153653 
3 3 

1-iodo-2-methylnonane C1oH2tl Haloalka 268 99.3 0.0161 48.18 264.2 
ne 

dodecane C12H26 Alkane 170 71.1 0.209 43.4 216.1 

24 0.57 p-cymene CtoHtc Arene 134 46.3 1.7 39.29 173.3 0.7638 0.26391 0.00969 0.223953 0.98781 
- -
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1;1.,4 yl-benzene CtoH~< Arene 134 46.3 1.7 39.29 173.3 

25 0.27 n-tridecane Cutha Alkane 184 83.8 0.159 43.92 221.4 0.4968 0.22887 0.0003569 0 .121014 0 .62226 

n-tetradecane c,.HlO Alkane 198 99.4 0.0285 47.14 253.9 

n~odecanc CtlH26 Alkane 170 71.1 0.209 43.4 216.1 

26 0.52 cyclopentylcyclohexane Cutbo Alleyne 152 65.6 0.479 41.8 199.6 0.7904 0.34112 0.0024908 021736 1.03792 

trans-anti-1-methyl- CuHzo Alleyne 152 65.6 0.479 41.8 199.6 
decahydronaphthalene 
decahydro-2-methyl-naphthalene CuHzo Alleyne 152 65.6 0.479 41.8 199.6 

27 0.4 (E)-3-undecene CuHu Alkene 154 48 2.17 38.79 168 I 0.616 0 .192 0.00868 0 .15516 0.6724 

(Z)-3-undecene CuHu Alkene 154 48 2.17 38.79 168.1 

28 1.71 2-methyl~ecane CuHu Alkane 156 60 0.564 41.48 196.3 

29 0.94 4-methyl-undecane C12H26 Allcane 170 71.1 0.209 43.4 216.1 1.7296 0.80135 0.0011163 0.425538 2.209 

4-methyl-bidecane CtJiJO Alkane 198 99.4 0.0285 47.14 253.9 

30 1.93 2-methyl-undecane CtlH26 Alkane 170 71 I 0.209 434 216.1 4.0916 2.284155 0.0020243 0 .935471 5.13766 

2-methyl-heptadecane CtaHJa Alkane 254 165 0.000769 53.54 3163 
6 

31 2.07 3-methyl-bidecane Ct.HJO Alkane 198 994 0.0285 4714 253.9 39054 1.86231 0.0018354 0.949992 4 .99491 

n-tetradecane Ct.HJO Alkane 198 99.4 0.0285 4714 253 9 

n~odecane CtlHl6 Alkane 170 71 I 0.209 43.4 216.1 

32 0 .53 4,~imethyl-undecane CllH11 Alkane 184 83.8 0.159 43.92 221.4 09752 0.44414 0.0008427 0232776 1.17342 

Km 2,~unethyl-undecane CuH21 Alkane 184 838 0.159 43.92 2214 

33 0.55 E-2-octadecedeceno-1-ol CtaHl60 Enol 268 120. l.OOE-05 66.72 333 1.3933 0.713533 1013E-05 0.3392217 I 76165 
7 333 3 

'L-1 0-pentadccenol CtsHJQO Enol 226 109. 0.00551 50.11 283.1 
6 

E,Z-2,13-octadecadien-1-o1 CtaHJ40 266 158 4.06E-06 68.2 344.8 
9 

34 9.94 n-undecanc CuH14 Alkane 156 60 0.564 41.48 196.3 14.986 5.675893 0.0749811 3.9593573 18.80754 
4 3 

n~odecane CtlHl6 Alkane 170 71.1 0209 43.4 216.1 

n~ecane CtoHu Alkane 142 46.1 1.58 38.75 174.9 

35 0 .32 2-ethenyl-1,3,5-bimethyl-benzene CuHt• 146 79.4 0.161 43.9 2212 0.4693 0.255893 0.0005675 0 .139936 0.702293 
333 3 3 

7-isopropyl-bicyclo[ 4.2.0]octa-1,3,5- CuHt• 146 79.4 0.161 43.9 221.2 
biene 
2-allyl-4-methylpheno1 CtoHtlO 148 81.1 0.21 43.39 216 
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36 2.56 2,6-dimethyl-undecane C13Hu Alkane 184 83.8 0.159 43.92 221.4 4 .1728 1.66272 0.0222592 1.058176 5.07264 

3,5-dimethyl-octane C1oH:u Alkane 142 46.1 1.58 38.75 174.9 

37 0.53 n-dccane C1oH:u Alkane 142 46.1 1.58 38.75 174.9 0.8268 0.31058 0 .0047409 0.2176975 1.03615 

n-dodecane CIJiu Alkane 170 71.1 0.209 43.4 216.1 

38 0 .43 2-methy1-undecane C11Hl6 Alkane 170 711 0.209 43.4 216.1 0 .7611 0.333035 0 .0007912 o.18n38 0.940625 

n-tndec:ane CI3HJJ Alkane 184 83 8 0.159 43.92 2214 

39 1.32 1-chloro-octadecane C1aH37CI Haloal.ka 288 157 5.04E-05 58.08 3591 3.1944 1.69752 0.0002129 0 .693 4 03062 
ne 8 

1-tetradecene CI.Hll Alkene 196 994 0.0322 46.92 251.6 

40 0.49 trichlorodocosy1-silane C:uH.5ChSi Hydride 442 203 2.97E-06 62.57 400.3 1.8277 0.793065 8 378E-07 0.287875 I 78801 

1-bromo-hexadecane C1~338r Haloalka 304 120. 0.000339 54.93 329.5 
ne 7 

41 1.65 cyc1ododec:ane C1zH24 Cyc1oalka 168 77.8 0.234 43.18 213 9 319 1.2958 0.0025743 0.825385 4.05075 
ne 

2-dodecy1-1 ,3-propanediol C1sfh20I 244 80 6.11E-05 63.71 308.7 

1-dodeoene C1zH24 Alleene 168 77.8 0.234 43.18 213 9 

42 2 .13 2,4-dimethyl-undecane CIJH21 Alkane 184 83.8 0.159 43.92 2214 4.8138 1950015 0 .0018648 0 .980865 5.17164 

1-iodo-2-methylnonane CIOHl ll Haloalka 268 99.3 0 .0161 48.18 2642 
ne 

43 1.44 4-methy1-tridec:ane CI.HlO Alkane 198 994 00285 47.14 253.9 2.5824 1.16736 0 .0036072 0 .636192 3 22368 

2-methyl-decane CuH24 Alkane 156 60 0.564 41.48 1963 

4,8-dimethyl-undecane c~~ Alkane 184 838 0.159 43.92 2214 

44 1.95 2-methyl-heptadecane C1aH.., Alkane 254 165. 0.000769 53.54 316.3 3 77 1.92855 0 .0050295 0.89973 4 73655 
6 

2-methyl-decane CuH24 Alkane 156 60 0.564 4148 1963 

2-methy1-undecane c11Hl6 Alkane 170 71.1 0.209 43.4 216.1 

45 3.38 2,6-dimethy1-hept.clecane c~~ Alkane 268 140 0.0026 51.43 296 7 0078 3.330426 0 0041754 1.56325 8.2641 
7 667 7 

tridecane C 13H21 Alkane 184 83.8 0.159 43.92 221.4 

n-dodCQlne c~~ Alkane 170 711 0 .209 43 4 2161 

46 0 .56 (E)-3-t.etndecene c1.H:m Alkene 196 994 0.0322 46.92 251 .6 1.0584 0.51968 0 .0003814 0.256648 1.34764 

(E}3-tridecene CI3Hl6 Alkene 182 86.2 0.104 44.74 229.7 

47 10.41 1-ethyl-2,3-dlhydro-1-methyl-1 H- c12H16 160 93.2 0.0524 46.01 242.6 26.129 16.33329 0 .0027275 5.7166515 34.04590 
lndene I 5 
5-N-pentadecyl-1 ,2,3,4- C:uli42 342 220. 1.32E-06 63.82 411.5 

- ~ 

letrahydrt>rlajltltalene 
-·· -- ---- -- -

6 
------
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48 0.28 3-et.byl-5-methyl-heplane CuH2A Alkane 156 60 0.564 41.48 196.3 0.4368 0.168 00015792 0.116144 0.54964 

2,3, 7 -tri methyl-«tane CuHz• Alkane 156 60 0.564 41.48 196.3 

49 0.68 2,6-dimethyl-undecane c,1H21 Alkane 184 83.8 0.159 43.92 221.4 1.2512 0.56984 0.0010812 0298656 1.50552 

5-ethyl-undecane CuH21 Alkane 184 83.8 0.159 43.92 2214 

50 0.39 n-hexadecane c,~J< Alkane 226 97.6 0.006 49.95 281.6 0.9256 0.46124 4.492£-05 0.201721 1.16298 

1-ch!OI'(H)Ctadecane c.aH:nCI Haloalka 288 151 S.04E-05 58.08 359 I 
ne 8 

n-tetradecane C,.HJO Alkane 198 99.4 0.0285 4714 253.9 

51 0.28 3-methyl-tridccane C,.HJO Alkane 198 99.4 0 .0285 4714 253 9 0.5805 0.27664 0.0000588 0 1346147 0.736773 
333 3 

n-tetradecane c,.~-~30 Alkane 198 99.4 0 .0285 47.14 253 9 

n-hexadecane C,Jf,. Alkane 226 97.6 0.006 49.95 281.6 

52 1.39 trichlorodocosyl-silane Culi.$ChSi Hydride 442 203 2.97E-06 62.57 400.3 5.1291 2.38524 2.521£.()8 0.929076 5.33899 

1-{ethenyloxy)-octadecane CzoH.oQ Enol 296 140 6.51£.()1 71.11 367.9 
2 

53 0.4 2-methyl-octane ~lilo Al.kane 128 31.1 4.63 36.91 151.7 0.512 0.1244 0.01852 0.14764 0.6068 

n-nonane ~lilo Alkane 128 31 I 4.63 36.91 lSI 7 

54 1.06 4-methyl-tridec:ane CI.HJO Alkane 198 99.4 0 .0285 47.14 253.9 1.9504 0 .90365 0 .0012588 0479862 2491 

4-methyl-undecane C1IH:r.~ Alkane 170 711 0.209 43.4 2161 

55 1.64 2-methyl-tridecane CI.HJO Alkane 198 99.4 0.0285 47.14 253 9 3.0176 1.3981 0 .0019475 0742428 3.854 

2-methyl-undecane C1zH:~~~ Alkane 170 71.1 0.209 43.4 2161 

56 1.1 3-methyl-tridecane c,.HJO Alkane 198 99.4 00285 47 14 253 9 2 .6913 1526066 0.0001115 0.57574 3.3462 
333 7 

3-methyl-hexadecane c,?H36 Alkane 240 148 0 .00185 5203 301 8 
9 

3-methyl-eicosane Czll4. Alkane 296 167. S.SIE-05 57.85 3569 
9 

51 1 93 2,6,1 0,14-tetramethyl-heptadecane Cz114. Alkane 296 167 S.SIE-05 51.85 356.9 5.4426 2.9n99 2.565£-05 1.054552 6.300485 
9 

2,6-dimethyl-heptadecane c,,H.o Alkane 268 140. 00026 51.43 296 
7 

58 0.48 (E}3-Tetradeoene CI.Hll Allc:ene 196 99.4 00322 46.92 251.6 0.9408 04TI12 0.0001546 0 .225216 1.20768 

n-tetradec-1-ene C1.Hza Alkene 196 994 0.0322 46.92 251 6 

59 7.64 n-tridecane CuH:a Alkane 184 83.8 0.159 43.92 221.4 13522 5.91718 0 .0140576 3.335624 16.7125 
8 

n-dodecane C,zH:~~~ Alkane 170 71.1 0 .209 43 4 2161 
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60 0 .69 2,3,6,7-tetramethyl-octane Ctlll1.6 Alkane 170 71.1 0.209 43.4 216.1 1.9182 0.99222 0.0007211 0 .3851925 2.30115 

(2-decyldodecyl)-benz.ene C:zs}i30 386 216. 6.79E-08 68.25 450.9 
5 

61 0 .24 n-hexadecane Ct.slil<l Alkane 226 97.6 0 .006 49.95 281.6 0.4864 0.22464 0.0001548 0 .112808 0 .60552 

n-tetradecane CtJiJO Alkane 198 99.4 0.0285 47.14 253.9 

n-tridecane CtJihs Alkane 184 83.8 0.159 43.92 221.4 

62 0 .53 2,6-dimethyl-naphthalene Ctllltz Arene 156 109. 0.0165 48.13 263.7 0.8268 0.57982 8.745E-05 0 .255089 1.39761 
4 

I ,5-dimethyl-naphthalene Ctllltz Arene 156 109. 0.0165 48.13 263.7 
4 

63 0 .29 I, 7-dimethyl-naphthalene Ct2H12 Arene 156 109. 0 .0165 48.13 263.7 0.4524 0.31726 4.785E-05 0 .139577 0 .76473 
4 

I ,5-dimethyl-naphthalene Ct2H12 A rene 156 109. 0 .0165 48.13 263.7 
4 

I ,8-dimethyl-naphthalene CtzHtz Arene 156 109. 0 .0165 48.13 263.7 
4 

64 1.08 1 ,6-dimethyl-naphthalene Ctllltz Arene 156 109. 0 .0165 48.13 263.7 2.3904 1.12896 0 000 I 022 0.533052 2.97828 
4 

1-iodo-undecane CuHnl Haloalka 282 106. 0 .00589 49.99 282 
ne 6 

6,9-dimethyl-tetradecane Ct.slil<l Alkane 226 97.6 0.006 49.95 281.6 

65 0.24 decyl-cyclopentane CtsHJO Cycloalka 210 Ill. 0 .0114 48.81 270.4 
ne I 

66 1.5 I heptadecane Ct,H36 Alkane 240 148. 0 .00185 52.03 301.8 3.2012 1.756885 0 .0012144 0.7244225 3.95016 
9 

n-tridecane CtJH~ Alkane 184 83.8 0.159 43.92 221.4 

67 0.8 2-methyl-heptadecano CtsHla Alkane 254 165. 0 .000769 53.54 316.3 1.64 0 .9024 0 .0022591 0.38008 2.0504 
6 

2-methyl-decane Cu iizA Alkane 156 60 0.564 41.48 196.3 

68 043 3-methyl-tridecane c.JI.,o Alkane 198 99.4 0 .0285 47.14 253.9 1.0922 0 .53664 4.398E-05 0.2209053 1.269073 
3 

3-methyl-hexadecane CnHJ6 Alkane 240 148. 0 .00185 52.03 301 .8 
9 

1-iodo-tetradecane C tJi29i Haloalka 324 126. 0.000335 54.95 329.7 
ne I 

69 3.29 n-tridecane C13H~ Alkane 184 83.8 0.159 43.92 221.4 6.2071 3.14853 0.0041586 1.4931117 7.765496 
333 7 

n-dodecane Ctllll6 Alkane 170 71.1 0 .209 43.4 216.1 

n-pentadecane CtsHJl Alkane 212 132. 0 .0112 48.83 270.6 
2 
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0.46 trichlorodecyl-si lane C1oH11CbSi Hydride 274 

n-tetradecyltrichlorosilane c • .H~hSi Hydride 330 

butyl-o-ethylester of carbamothioic C,H.,NOS Carboxyli 161 
acid cAcid 

0.31 n-tetradecyltrichlorosilane c • .H~hSi Hydride 330 

4-<lctanone CaHI60 Enol 128 

0.23 4-methyl-undecane CuH:!6 Alkane 170 

0.3 2-methyl-pentadecane c.JI~ Alkane 226 

2-methy 1-tridecane c • .HJO Alkane 198 

0.25 3-methyl-hexadecane C11Hl6 Alkane 240 

6,9-d imethyl-tetradecane c.~ Alkane 226 

1.1 n-tridecane c.JH:za Alkane 184 

n-pentadecane CuHn Alkane 212 

n-dodecane CIJ126 Alkane 170 

0.23 n-tetradecane CIJiJO Alkane 198 

beptadecane C11HJ6 Al.kane 240 

n-pentadecane CuHll Alkane 212 

0.38 n-pentadecane C1sHll Alkane 212 

n-dodecane CIJ126 Alkane 170 

Summary: Average Molecular Weight: 188 glmol 
Average Flash Point: 88.57°C 
Average Vapor Pressure: 0.62 mmHg at 25°C 
Average Enthalpy ofVaporization: 44.81 kJ/mol 
Average Boiling Point: 232.65 °C 

123 
7 

156. 
5 

78 

156. 
5 

43 9 

71.1 

97.6 

99.4 

148. 
9 

97.6 

83.8 

132. 
2 

71 I 

994 

148 
9 

132 
2 

132. 
2 

71 I 

0.0208 47.72 259.6 1.173 0.54924 0.0004195 0.22287 I 197073 
3 

0.000794 53.48 315.8 

0 .252 44.15 205.3 

0.000794 53.48 315 8 07099 0.31062 0.0037832 0 .1443515 0.737335 

2.44 3965 1599 

0.209 43.4 216.1 0.391 0.16353 0.0004807 0.09982 0.49703 

0 .006 49.95 281.6 0.636 0.2955 5.175£-05 0.145635 0.80325 

0.0285 47.14 253.9 

0.00185 52.03 301.8 0.5825 0.308125 9.813£..06 0 .127475 0.72925 

0.006 49.95 281.6 

0.159 43.92 221.4 20753 1.0527 0.0013904 0 .4992167 2.596366 
333 7 

0 .0112 48.83 270.6 

0 .209 43 .4 2161 

0.0285 4714 253 9 04983 0.291716 3 .186E..Q5 01134667 0.633496 
333 7 7 

0.00185 52.03 301 .8 

0 .0112 48.83 2706 

0.0112 48.83 270.6 0.7258 0.38627 0.0004184 0.175237 0 .92473 

0.209 43 .4 2161 

188 00 88.57816 0.620678 44.80605 232.646 
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3.1.3 Determining tbe Density 

The steps to determine the density of the liquid sample are as the following: 

l. The volume of the pycnometer, V is first recorded. 

2. Determine the weight of empty, dry pycnometer, lllempty· 

3. The pycnometer is then filled with the liquid sample from the drainage system until it 

is almost full. 

4. The pycnometer is then closed by using a capillary hole until the entire excess liquid 

spill out of the pycnometer. 

5. The weight of pycnometer from step 4, mfilled is then measured. Density is then 

calculated using the mass/volume relation. 

Figure 3.9: Density determination using pycnometer 

By using rr=rnJv where p =density, m =mass and v =volume, the density of the liquid 

can be determined. The density of the liquid sample is determined as 0.807 glmL or 807 

kg/m3
• 

Table 3.2: Density of the liquid sample 

Volume lllempty mmlcd mtiqwd Density 
(mL) (g) (g) (g) (g/mL) 

Original Sample 24.996 19.179 39.358 20.179 0.807 

~I 
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3.1.4 Determining the Beat of Combustion 

The heat of combustion of the liquid sample was measured using bomb calorimeter. The 

heat of combustion indicates the amount of heat released per unit mass or unit volume 

of a substance when the substance is completely burned. Figure 3.10 shows the picture 

of the bomb calorimeter. 

Figure 3.10: Bomb Calorimeter 

The experiment has been done for two runs on the same sample and the results are as in 

the Table 3.3 below: 

Table 3.3: Heat of combustion for liquid sample. 

Heat of Combustion for the 1st Heat of Combustion for the 2no 
Run Run 

(J g·l) (J g·l) 

OriginaJ Sample 45,752 45,737 

Average Heat of Combustion= 45,745 J g·1 

3.1.5 Determining the Flash Point 

Mixtures of flammable and non-flammable liquids, for example alcohol-water mixture 

are classified by the definition of flammable liquids based on a closed cup method 

(Wray, 1992). Open cup method can only determine the ability of a liquid mixture to 
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sustain burning. For this apparatus, a small, manually opened shutter is provided at the 

top of the cup. The liquid is placed in a preheated cup and allowed to sit for a fixed time 

period. The shutter is then opened and the liquid is exposed to the flame. The 

temperature when the momentary flame occurs is called the flash point temperature. 

Closed cup method typically result in lower flash point because more of the vapor 

produced are contained inside the cup (Campbell and Mnizsewski, 1998). 

3.1.6 Evaporation Rate 

Prior to the evaporation rate calculation, oil must be extracted out from the oil water 

mixture. The oil layer on the water surface has the tendency to evaporate. Liquids with 

high saturation vapor pressures evaporate faster. Evaporation of volatile components 

from a liquid pool is given by the following equation (Crowl and Louvar, 2002): 

Mk APm' 
m =-"'"•--

"""' R g TL 

where: 
mmass = mass evaporation rate (kg/s ), 
M = molecular weight (kg/kgmol), 
kg= mass transfer coefficient (m/s), 
A= area of the pool (m2

), 

P''" =saturation vapour pressure (atm), 
Rg = ideal gas constant (m3 atmlkrnol K), 
TL =temperature of the liquid (K). 

For the evaporation rate due to the solar radiation, equation 2-2 is applicable. 

Further calculations are presented in Chapter 4. 

3.1. 7 Determining the Flammability Limitshj 

(3-1) 

Crowl and Louvar (2002) introducing a method to correlate the flammability limits as a 

function of the heat of combustion of a fuel. A good fit was obtained for 123 organic 

materials containing hydrogen, oxygen, nitrogen and sulfur. For lower flammability 

limit, the correlations are as the following: 

-342 
LFL = -'-+0.569tili,+0.0538tili ,' +1.80 

till, 
(3-2) 
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While for the upper flammability limit, the following correlations are applicable: 

UFL = 6.30Mf,+0.567M:fc' +23.5 (3-3) 

Further calculations are made in Chapter 4. 

3.1.8 Estimating Damage Due to Overpressure 

The explosion of a dust or gas results in a reaction front moving outward from the 

ignition source preceded by a shock wave or pressure front. After the combustible 

material is consumed, the reaction front terminates, but the pressure wave continues its 

outward movement. A blast wave is composed of the pressure wave and subsequent 

wind. It is the blast wave that causes most of the damage (Crowl and Louvar, 2002). 

The formula to estimate overpressure is as the following: 

where: 

Po = overpressure (kPa), 
Ze =scale distance (12.07 mlkg113

), 

Pa =ambient pressure (kPa). 

(3-4) 

All calculations are shown in Chapter 4 and the possible damages caused by 

overpressure can be found in Appendix A. 

3.2 Gas Sample 

Combustible gases are normally formed by several combustible elements that have the 

lower vapor pressure than the operating pressure. As a result, they vaporize and 

accumulate at the top side inside the pipeline. For the combustible gases, once the 

volume concentration has been measured by the hydrocarbon gas detector, flammability 

and explosion limit will be calculated using the Le Chatelier's equation. Combustible 

gases are normally formed by several combustible elements that have the lower vapor 

pressure than the operating pressure. As a result, they vaporize and accumulate at the 
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top side inside the pipeline. When all of the analyses are already performed, designs to 

prevent fires and explosions should be suggested. Drainage systems in the refinery have 

many sections, some are closed drain and some are opened drain. The gases that 

vaporize from the liquid sample must be known so that the LFL and UFL can be 

measured. For the closed drain, it is expected to contain more combustible gases than 

the open ones. 

3.2.1 Gas Component Testing 

Vapor in the drainage system formed when the liquid vaporizes into gas at certain 

temperature. The liquid sample is filled half the volume of a small bottle. The bottle 

cover must be sealed tightly using a parafilm and the top of the bottle must be made 

from rubber so that the sample can be easily collected by using syringe. From the 

storage temperature (5"C), the bottle is heated to the room temperature by submerging it 

into a heated beaker filled by water where the temperature of water is about 28"C. Next, 

by using a syringe, the gas sample is taken from the upper part (or the empty part) of the 

bottle and injected into the Gas Chromatography (GC). The GC used to analyze the gas 

sample is Agilent GCPID G-1540A model. This GC is competent in detecting 22 types 

of hydrocarbon (CH) gases from C1 (methane) up to C6 (n-hexane). The full list of gases 

that can be detected is as in Table 3.4 below. This is also called standard, where the gas 

species is pre determined with its retention time. If the tested samples' retention time is 

matched with standard's retention time, the presence of a species can be known. Each 

run will take 30 minutes. 

From Table 3.4, for example if the result given by the GC shows that there is peak at the 

retention time of 12.476 minutes, n-Pentane is presence in the sample. If the retention 

time is 13.000 minutes, a species between n-Pentane (Cs) and I ,3-Butadiene (C6) is one 

of the components for the gas mixture. 
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Table 3.4: Standard Set for GC-PID 

Retention Time (min) Name 

1.160 Methane 

1.367 Ethane 

1.651 Ethylene 

2.410 Propane 

4305 Propylene 

5.592 Acetylene 

5.922 iso-butane 

6.089 I ,2-Propadiene 

6.216 n-Butane 

9.081 trans-2-Butene 

9.260 !-Butene 

9.846 iso-Butane 

10.306 cis-2-Butene 

11.345 !so-Pentane 

11.966 Methyl acetylene 

12.476 n-Pentane 
-

13.035 I ,3-Butadiene 

14.481 Trans-2-Pentene 

15.051 2-Methyl-2-butene + 1-Pentene 

15.670 Cis-2-Pentene 

17.979 n·Hexane 
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4.1 LIQUID SAMPLE 

CHAPTER4 

RESULT AND DISCUSSION 

4.1.1 Pool Evaporation Rate 

The pool evaporation rate is determined using Equation 3-1 , 

TL is assumed to be 23°C (temperature of the liquid at open air condition). 

First, the value of kg must be determined using this correlation: 

k = k" M, 
( )

1/3 

• • M 

where: 
kg = mass transfer coefficient 
kg 0 

= reference mass transfer coefficient 
Mo = reference molecular weight 
M = molecular weight 

The reference used is water with Mo value of 18 glmol and k8° of0.83 cm/s (Crowl and 

Louvar, 2002). Hence, 

' 

18 )
113 

k =08 
g • 188.01 

k• = 0.3797cml s = 0.003797m/ s 

Then, kg value is substituted into Equation 3-1: 

(188.01kglkmol)(0.003797m!s)Am 2 (0.0082atrn) 
m =~--~~--~.---~~--~--~--~ 

"""' (0.082057m 3atml kmo/K)(296K) 

Since the exact area of the pool is unknown, a correlation between mass evaporation 

rate and pool area is presented in Figure 4.1. From the figure, for pool area of 3500 m2
, 

the mass evaporation rate is 0.085 kg/s. 
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Graph of Mass Evaporation Rate vs Pool Area 
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Figure 4.1: Correlation between pool area and mass evaporation rate for pool 

evaporation 

4.1.2 Evaporation Rate Dae to Solar Radiation 

For mass evaporation due to the solar radiation, Equation 2-2 takes place. 

According to Exxon's Design Instruction Manuals (DIM), in Malaysia solar 

radiation,Qsot is assumed to be 0.79 kW/m2 

(0. 79k.lls.m2 )(188.01!Vmol)Am2 

mso~ = 
44.81k.J I mol 

Since the exact area of the pool is unknown, a correlation between mass evaporation 

rate and pool area is presented in Figure 4.2. From the figure, for a pool area of 3500 

m2
, the mass evaporation rate due to solar radiation is 11.60 kg/s. 
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Graph of Mass Evaporation Rate vs Pool 
Area 
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Figure 4.2: Correlation between pool area and mass evaporation rate due to solar 

radiation 

4.1.3 Estimatiag Heat Flu from the Grouad 

Based on the equation 2-1, heat flux from the ground, q8 which control the heat transfer 

in the initial stage can be detennined. With assumptions of thennaJ diffusivity of soil, as 

value of 4.16 x 10-7 m2/s, thennal conductivity of soil, ks of 0.92 W/m K and soil 

temperature, T 8 of 30°C (CCPS, 1999), the correlation between Qg and time after spill, t 

is as the following and shown graphically in Figure 4.3. 

0.92(30- 23) 

19 
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Heat Flux from the Ground vs. Time After Spill 
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Figure 4.3: Correlations between heat flux from the ground and time after spill 

At the beginning of the spillage, the heat flux from the ground is high. Taking at 1 (} 

seconds after the spill, the heat flux is 1782 W /m2 and it decreases with time. After one 

minute of the spill, the amount of heat flux decreasing to 727.44 W/m2
• This is because 

as the time goes by, the temperature gradients or the temperature difference, 6. T 

decreases because of the heat transfer that continuously happen between the ground and 

the liquid. As a result, heat flux amount will decrease. 

4.1.4 EstimatiBg Flammability Limits of the Sample 

By using Equation 3-2, lower flammability limit can be estimated if the heat of 

combustion value for the sample is known, 

where: 

6.Hc must be in 1 oJ kJ/mol unit. 

The value 6.Hc from the bomb calorimeter is 45 745 J/g. 

Hence, the calculated 6.Hc value is 8600.38 kJ/mol or 8.60038 x I oJ kJ/mol. 

40 
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-342 
LFL = 8.6~38 + 0.569(8.60038) + 0.0538(8.60038) 1 + 1.80 

LFL= 10.28% 

While for the upper flammability limit, Equation 3-3 is applicable: 

UFL = 6.30(8.60038) + 0.567(8.60038) 2 + 23.5 

UFL = 119.62 

UFL = 1 000/o 

For the gas, if the Explosive Limit lies between 1028% and 100%, it is flammable. 

4.1.5 Damage Due to Overpressure 

Overpressure can be obtained from Equation 3-4. 

To get P01 first equivalent mass of TNT, mTNT must be known first. It can be calculated 

from the following formula: 

rpnMfc 
mTNT =...;...__-~ 

ETNT 

where: 
mTNT = is the equivalent mass of TNT 
1'\. = the empirical explosion efficiency 
m = is the mass of hydrocarbon 
Mic = energy of explosion of the flammable gas 
ETNT =energy of explosion of TNT 

(4-1) 

Asswning 11. = 0.02, m= I 000 kg and ETNT is a constant of 4686 kJ/kg into Equation 4-1, 

0.02(1000kg)(8600.38/c.J/mol) mTNT = _ __;_ _ ___;::;.....;_ ____ -"-
4686k// kg(0.1880 Ikg I mol) 

mTNT = 195.24kgTNT 

Next, the value of scale distance, Ze is calculated using the mTNT value, 

r 

where: 

4 1 



FYP: Investigation of Fire and Explosion in the Drainage System Related to Process Industries 

Muhammad Aint hin Ahd Wahi. I Ol79. llni\cr~iti rcl-..nologi PI rRONAS 

mTNT = is the equivalent mass of TNT 
r = ground-zero point ofthe exposion 

Assuming r = 70 m, 

70 z =-..:..::_~ 
' 195.24113 

z, = 12.07m I kg 113 

z, value is then inserted into Equation 3-5, 

161{1 +u!·.~7n 
Po =-;::===~;====-'~===xl01.3kPa 

I +(12.07)
2 

I +(12.07)' I +(12.o7)' 
0.048 0.32 1.35 

Po= 15.72kPa 

From the overpressure value, damage can be checked from table in Appendix A. 

As for Po= 15.72 kPa, the damage are: 

?Concrete or cinder block walls, not reinforced, shatter and 

?Lower limit of serious structural damage. 
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4.2 GAS MIXTURE 

From the liquid sample identification by using GC, the first alkane to be found in the 

sample is nonane (C9H20). Nonane and heavier alkanes (e.g. decane, dodecane, 

tetradecane) are found in a very large amount in the liquid sample. It shows that there is 

possibility that lighter alkanes such as pentane, hexane and heptanes already vaporized 

prior to the identification. Table 4.1 shows the boiling point of alkanes between 

methane (C ,) and decane (C 10) together with their respective state at 25°C. 

Table 4.1: Boiling Point for Alkanes 

Name Molecular Formula Boiling Point ("C) State at 25"C 
Methane CH, -164 Gas 
Ethane C2Ho -89 Gas 

Propane c,H, -42 Gas 
Butane CJiw -0.5 Gas 
Pentane C5H12 36 Liquid 
Hexane CoR,. 69 Liquid 
Heptane c,H,. 98 Liquid 
Octane c,H" 125 Liquid 
Nonane C.H2o !51 Liquid 
Decane C,oHn 174 Liquid 

From Table 4.1, methane, ethane, propane and butane are all expected to be vaporized 

in the plant due to their respective low boiling point. The possible gases from the 

sample are expected to be pentane (C5), hexane (C6), heptane (C7) and octane (C8) as 

from nonane and other heavier alkanes already found in the liquid sample. 

4.2.1 Gas Sample Analysis 

From the steps of gas mixture identification explained in Section 3.2, GC analysis has 

been done on the sample at five different temperatures. The result for the first run, 

where the temperature of water is 28°C is as in the Figure 4.3 and Table 4.2 below. 
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Figure 4.3: GC Result (Peak) at 28°C 

Table 4.2: GC Result at 28°C 

Peak No. Retention Time Widlh Area Area Name 

(min) (min) (pA•s) % 

I 1.160 0 0 0 Methane 

2 1.367 0 0 0 Ethane 
. -

3 1.651 0 0 0 Ethylene 

4 2.410 0 0 0 Propane 

5 4.305 0 0 0 Propylene 

6 5.592 0 0 0 Acetylene 

7 5.922 0 0 0 iso-butane 

8 6.089 0 0 0 1,2-Propadiene 

9 6.216 0 0 0 n-Butane 

10 9.081 0 0 0 trans-2-Butene 

II 9.260 0 0 0 !-Butene 

12 9.846 0 0 0 iso-Butane 

13 10.306 0 0 0 cis-2-Butene 

14 11.345 0 0 0 I so-Pentane 

IS 11.966 0 0 0 Melhyl acetylene 

16 12.476 0 0 0 n-Pentane 

17 13.035 0 0 0 I ,3-Butadiene 

18 14.481 0 0 0 Trans-2-Pentene 

19 15.051 0 0 0 2-Methyl-2-butene 

+ 1-Pentene 

20 15.670 0 0 0 Cis-2-Pentene 

21 17.979 0 0 0 n-Hexane 

22 28.783 0.0692 15.13636 100 ? 
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From the above table, the gas that presence in the sample is only detected when the 

retention time is 28.783 minutes. The gas detected is heavier than n-Hexane (C6) gas 

and the gas should be one of the gases containing C1 and Cs. The sample does not have 

any light gases such as methane, ethane and butane. The test is then repeated by heating 

the sample at different water temperature: 30"C, 35"C, 40"C and 45"C. 

For the temperature of 30"C, Figure 4.4 and Table 4.3 show the results. 

pA 

" 

22 

FID2 fl. 1 .".IV.T\SIG?001J3 DJ 

Figure 4.4: GC Result (Peak) at 30"C 

I ,I 
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Table 4.3: GC Result at 30°C 

Peak: No. Retention Time Width Area Area Name 

(min) (min) (pA•s) % 

I 1.160 0 0 0 Methane 

2 1367 0 0 0 Ethaoe 

3 1.651 0 0 0 Ethylene 

4 2.410 0 0 0 Propane 

5 4305 0 0 0 Propylene 

6 5592 0 0 0 Acetylene 

7 5.922 0 0 0 iso-butane 

8 6089 0 0 0 I ,2-Propadiene 

9 6.216 0 0 0 n-Butane 

10 9.081 0 0 0 trans-2-Butene 

II 9.260 0 0 0 1-Butene 

12 9.846 0 0 0 iso-Dutane 

13 10306 0 0 0 cis-2-Butene 

14 11345 0 0 0 lso-Pentane 

15 11.966 0 0 0 Methyl acetylene 

16 12.476 0 0 0 n-Pentane 

17 13.035 0 0 0 I ,3-Butadiene 

18 14.481 0 0 0 Trans-2-Pentene 

19 15051 0 0 0 2-Methyl-2-butene 

+ 1-Pentene 

20 15.670 0 0 0 Cis-2-Pentene 

21 17.979 0 0 0 n-Hexane 

22 28.667 0.1062 6530811 100 ? 

For this sample, the first peak detected is when the retention time is 28.667 minutes, 

does not show any significant deviation with the previous run (water temperature at 

28°C). This is because the temperature difference is small, that is 2°C. The species is 

heavier than the n-hexane and cannot be specifically detected. It is expected the gas 

detected is between heptane (C7) and octane (C8) 

The GC result for the water temperature of 35°C is as in the Figure 4.5 and Table 4.4. 



FYP: Investigation of Fire and Explosion in the Drainage System Related to Process Industries 

Muhammad Ain1t bin Ahd Wahi. IOJ79. Llni\cr~iti lct..nologi PI I RON AS 

" 
16 

Figure 4.5: GC Result (Peak) at 35°C 

When the liquid sample is heated by using water at the temperature of 35°C, the GC 

result on the gas formed shows the presence of a hydrocarbon gas between cis-2-

Pentene (C5) and n-Hexane (C6)· It means that the gas contain either 5 carbons (C5) or 6 

carbons (C6) in its molecule. The other peak formed at 28.732 minutes, almost similar 

to the previous temperatures which indicate the presence of gas from either C7 or Cs 

type. 
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Table 4.4: GC Result at 35°C 

Peak No. ReomtionTime Width Aloa Area Name 

(min) (min) (pA's) l'o 

I 1.160 0 0 0 Methane 

2 1.367 0 0 0 Ethane 

3 1.651 0 0 0 Ethylene 

4 2.410 0 0 0 Propane 

5 4.305 0 0 0 Propylene 

6 5.592 0 0 0 Acetylene 

7 5.922 0 0 0 iso-butane 

8 6.089 0 0 0 1,2-Propadiene 

9 6.216 0 0 0 n·Butane 

10 9.081 0 0 0 trans·2-Butene 

II 9.260 0 0 0 !-Butene 

12 9.846 0 0 0 iso-Butane 

13 10.306 0 0 0 cis-2-Butene 

14 11.345 0 0 0 Iso-Pentane 

15 11.966 0 0 0 Methyl acetylene 

16 12.476 0 0 0 n-Pentane 

17 13.035 0 0 0 1,3-Butadiene 

18 14.481 0 0 0 Trans-2-Pentene 

19 15.051 0 0 0 2-Methyl-2-butene 

+ 1-Pentene 

20 15.670 0 0 0 Cis-2-Pentene 

21 16396 0.0792 1930603 27.42713 ? 

22 17.979 0 0 0 n-Hexane 

23 28.732 0.1061 51.08426 72.57287 ? 

The results obtained when the liquid sample is submerged into 40°C water are shown in 

Figure 4.6 and Table 4.5. 
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Figure 4.6: GC Result (Peak) at 40"C 

The result shows that all three peaks detected are heavier gases than n-hexane and 

cannot be precisely detected. The retention time when the first and the second peak 

formed is very close to the first three runs, that is in the region of 28 minutes. This 

shows that there is a presence of a stable gas in that region. At 30.970 minutes, new gas 

has been detected, with a probability of its vaporization due to the higher temperature 

compared to prior runs. All three types of gases detected must be from species 

containing seven or eight carbons in its molecule (C7 orCs) 
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Table 4.5: GC Result at 40°C 

Peak No. Retontion Time Width Ami Ami Name 

(min) (min) (pA•s) % 

I 1.160 0 0 0 Methane 

2 1367 0 0 0 Ethane 

3 1.651 0 0 0 Ethylene 

4 2.410 0 0 0 Propane 

5 4.305 0 0 0 Propylene 

6 5.592 0 0 0 Acetylene 

7 5.922 0 0 0 iso--butane 

8 6.089 0 0 0 I ,2-Propadiene 

9 6.216 0 0 0 n-Butane 

10 9.081 0 0 0 trans-2-Butene 

II 9.260 0 0 0 1-Butene 

12 9.846 0 0 0 iso-Butane 

13 10.306 0 0 0 cis-2-Butene 

14 11345 0 0 0 !so-Pentane 

15 11.966 0 0 0 Methyl a<:etylene 

16 12.476 0 0 0 n-Pentane 

17 13.035 0 0 0 I ,3-Butadiene 

18 14.481 0 0 0 Trans-2-Pentene 

19 15.051 0 0 0 2-Methyl-2-butene 

+ 1-Pentene 

20 15.670 0 0 0 Cis-2-Pentene 

21 17.979 0 0 0 n-Hexane 

22 28.410 0.1411 39.95757 513445 ? 

23 28.717 0.0652 24.50401 31.46863 ' 
24 30.970 00700 13.40648 17.21692 ' 

Finally are the results for the water tempemture of 45°C, interpreted in Figure 4.7 and 

Table 4.6. 
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Figure 4.7: GC Result (Peak) at 45°C 
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Table 4.6: GC Result at 45"C 

Peak No. Retention Time Width Ami Area Nome 

(min) (min) (pA's) "· 
I 1160 0 0 0 Methane 

2 1367 0 0 0 Ethane 

3 1.651 0 0 0 Ethylene 

4 2410 0 0 0 Propane 

5 4.305 0 0 0 Propylene 

6 5.592 0 0 0 Acetylene 

7 5.922 0 0 0 iso-.butane 

8 6.089 0 0 0 1 ,2-Propadiene 

9 6.216 0 0 0 n-Butane 

10 9.081 0 0 0 trans--2-Butene 

II 9.260 0 0 0 !-Butene 

12 9.846 0 0 0 iso-Dutane 

13 10.306 0 0 0 cis-2-Butene 

14 11345 0 0 0 lso-Pentane 

15 11.966 0 0 0 Methyl acetylene 

16 12.476 0 0 0 n-Pentane 

17 13.035 0 0 0 I ,3-Butadiene 

18 14.481 0 0 0 Trans-2-Pentene 

19 15.051 0 0 0 2-Methyl-2-butene 

+ 1-Pentene 

20 15.670 0 0 0 Cis-2-Pentene 

21 17.979 0 0 0 n-Hexane 

22 28.505 0.0683 3111252 23.25667 ? 

23 28.528 0.0778 33.87212 25.31948 ? 

24 28.765 0.0699 30.86661 23.07286 ? 

25 30.525 0.1885 37.92763 28.35098 ? 

Four types of gases are detected in this run, shows that increase in the water temperature 

evaporates the liquid sample into gases faster. The time retention between all four peaks 

is close, which is between 28.505 minutes and 30.525 minutes and the number of 

carbons in molecule of each species detected is either C7 or C8• 

4.2.2 Ventilation Rate 

For a closed drainage system, with temperature of the liquid inside is 23"C, ventilation 

rate must be provided to reduce the concentration of cumulated gas mixture inside the 

system. The concentration must not exceed the Permissible Exposure Level (PEL) of 
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OSHA to ensure a safe workplace. The correlation between the concentrations of the 

possible gas fonned (between pentane and decane) with ventilation rate can be 

produced via the following fonnula 

kC = KAP''" x 1 o• 
ppm Q,P 

where 

C ppm is the gas concentration (ppm), 

k is the non ideal mixing factor = I ( unitless ), 
A is the area of the pool (m\ 
?"''is the saturation vapour pressure (mmHg), 
Pis the pressure of the surrounding (mmHg) 
Qv is the ventilation rate (m3/s). 

(4-2) 

Saturation vapor pressure for each gas can be obtained by using Antoine equation. All 

of the calculations made on this section are limited to several assumptions which are: 

• The temperature of the gas is at 23°C. 

• k value is equal to I, assumed it is a perfect mixing. 

• Area of the drainage is 50 m x 0.5 m =25m2
. 

Table 4. 7 shows all necessary data needed to relate the concentration of each gas to the 

ventilation rate required based on equation 4-2. 
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Table 4. 7: Properties for Ventilation Rate Determination 

Name Molecular Boiling State at MW K(mls) Antoine Parameters T("C) log,.p• p* 
Fonnula Point 2S'C (kglkgmol) A B c (mmHg) 

("C) 
methane CH,; -164 gas 16 0.0086 - - - 23 - -
ethane c,H,; -89 gas 30 0.0070 - - - 23 - -

propane C3H8 -42 gas 44 0.0062 - - - 23 - -
butane c.H10 -0.5 gas 58 0.0056 - - - 23 - -
pentane C,H" 36 liquid 72 0.0052 6.84471 1060.793 231.541 23 2.677236 475.5936 

hexane C.H,. 69 liquid 86 0.0049 6.88555 1175.817 224.867 23 2.141808 138.6144 

heptane C,H" 98 liquid 100 0.0047 6.90253 1267.828 216.823 23 1.616015 41.30613 

octane C,H" 125 liquid 114 0.0045 6.91874 1351.756 209.1 23 1.094716 12.43701 

nonane C,H2o 151 liquid 128 0.0043 6.93764 1430.459 201.808 23 0.574615 3.755041 

decane CwH22 174 liquid 142 0.0042 6.95707 1503.568 194.738 23 0.05167 1.126341 
-------· 
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For pentane, hexane, heptane and octane that have the possibility to be found in the gas 

mixture, the PEL of each of the gas as stated by OSHA are as in Table 4.8. The data in 

the table are extracted from Crowl and Louvar (2002). 

Table 4.8: OSHA PELs for possible gases in gas mixtures 

Gas OSHA Pennissible Exposure Level (PEL) 

(ppm) 

Pentane 1000 

Hexane 500 

Heptane 500 

Octane 500 

The PEL indicates the dose that the body is able to detoxify and eliminate the agent 

without any detectable effects. For example, from the table, a body can stand to be 

exposed to a release of pentane below 1000 ppm without giving bad effects to his body. 

From equation 4-2 and the data in Table 4.7, the following correlation in Figure 4.8 

between concentration and required ventilation rate is developed for pentane. 

Concentration vs Ventilation Rate for Pentane 

1200 

Concentration, 
Cppm(ppm} 

1000 

800 

600 

400 

200 

0 

0.00 200.00 400.00 600.00 800.00 1000.00 

Ventilation Rate, 0. (m'/s} 

Figure 4.8: Correlation between pentane concentration and required ventilation rate. 
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From Figure 4.8, if the pentane concentration is at the PEL which is 1000 ppm, the 

ventilation rate required is 81.35 m3/s. Figure 4.9 shows the same correlation for hexane 

gas. 

Concentration vs Ventilation Rate for Hexane 
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Figure 4.9: Correlation between hexane concentration and required ventilation rate. 

When the concentration of hexane is at the PEL of 500 ppm, the ventilation rate 

required is 44.68 m3 /s. Figure 4.10 represents the correlation between heptane 

concentration to the required ventilation rate. 
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Concentration vs Ventilation Rate for Heptane 
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Figure 4.10: Correlation between heptane concentration and required ventilation rate. 

The PEL of heptane is the same as hexane, which is at 500 ppm. Thus, from the 

correlation, 12.77 m3/s of ventilation rate is required once the PEL value is met. Finally, 

Figure 4.11 shows the correlation of concentration to the ventilation rate required for 

the last possible alkane that might present in the gas mixture, the octane. 

Concentration vs Ventilation Rate for Octane 
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Figure 4.11: Correlation between octane concentration and required ventilation rate. 
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The required ventilation rate for PEL of octane, which is at 500 ppm is only 3.68 m3/s. 

4.3 FIRE PREVENTION 

From the study that has been made, it has been found that two types of fire prevention 

methods are suitable to be applied. First is the fire prevention by design. All of the 

liquid waste must be either pre treated or screened before being sent to the drainage 

system. This is due to the high concentration of hydrocarbons inside the liquid sample 

that can cause fire and explosion. Another solution is to send the liquid waste directly to 

the waste management company. The design of the drainage system also must include 

more ventilation area. As explained in Section 4.2.2, ventilation rate is vital in ensuring 

that the concentration of flammable gases is under control. Closed drain area must be 

minimized and several closed sections in the plant must be replaced with open cover. 

This will ensure that the flammable gases will be ventilated away from accumulating in 

the drainage system. Another type of fire prevention is by safety precautions taken by 

the personnel. Apart from the suitable outfit, the personnel inside the plant must not do 

any action that can cause fire. For example, ignition source must be taken away from 

the plant area, including the drainage system. Work like welding which involves heat 

and fire must be avoided near the drainage system area because of the possibility that 

the accumulated flammable gas will react and caught in fire. Another way is by having 

personnel who will do the regular check on the gas concentration inside the drainage 

system so that the concentration is under the permissible limit and has very minimum 

possibility to be caught in fire. 
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5.1 RECOMMENDATIONS 

CHAPTERS 

CONCLUSION 

By current technology, fire and explosion analysis to the flammable gas mixture inside 

the drainage system can be done directly on the plant. The data collected will be the 

most precise one. The use of hydrocarbon detector for example can detect hundreds of 

gases and gives several parameters needed such as the concentration of gases and 

flammability limits immediately. Other latest explosion apparatus such as Cone 

Calorimeter and LIFT apparatus can be used in the analysis especially in determining 

the flame propagation or burning rate of the liquid sample. Cone calorimeter cannot be 

found in Malaysia currently and the cost to test the sample by using cone calorimeter 

oversea is expensive. Since the study is made on the liquid sample of wastewater from a 

refinery, it is suggested for the study to be done on other type of plant in petroleum 

industry such as an oil distribution plant, oil and gas terminal or other petrochemical 

plant. 

5.2 CONCLUSION 

Drainage system is often missed in the fire and explosion analysis prior to a plant's 

operation. Drainage system of a refinery plant consists of flammable materials that can 

evaporate and forms flammable gases. Risks of fire and explosion are always there, in 

case of the presence of ignition source and oxygen. For the liquid sample, the parameter 

that must be concerned about is the evaporation rate. Evaporation possibly happens by 

natural evaporation or evaporation due to solar radiation. Heat flux from the ground 

must also be taken into consideration. When they are in the gaseous form and ignition 

source is provided at the upper part of the drainage system where the vapor exists, fire 

and explosion can happen. Besides that, the impact of the explosion might as well be 

estimated from the data gathered by determining its overpressure value. For the gas 

formed when the liquid sample is heated, the analysis shows that the components in the 

liquid sample evaporate faster at higher temperature. The most suitable methods to 

minimize fire and explosion risks in this study are by design and personnel safety 
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precautions. The liquid waste that is rich in hydrocarbons must be either pretreated 

before sent to the drainage system or handed directly to the waste management 

company. Sufficient ventilation rate must also be provided in the drainage system so as 

the concentration of combustible gases inside the drainage is under control. In this 

study, knowledge in process safety, specifically in fire and explosion analysis has been 

applied. In each of the possibilities, the causes have been determined thoroughly and the 

best possible solution was taken. The study also emphasis on having a save working 

environment and at the same time minimize lost for the company due to accidents 

involving fire and explosion. 
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l...aTgc and smaU wi r do·w,; usually shat t ... ·r: ucm ... ional d.an ilgO:..' 11) ..,., r dn'A 
[t(lf11C~ 

Minor J:.:ul'laRc to hou..~ s1ru.:t1!rc~ 
J,af1ia1 oJcmnlillnn nr house!>, nut .. k umnh<t'~ituhk 

Cnnu ;;:~tt::J a. ... t-.~,H•s s JatiL: r~. l.'urrU)C•itL:d ~ted llt Alununuu1 panc!.s. 

fa..~1cr.ir.gs fail. follffi\ocd :;,y bucld ng: wn·~ pitn('l' (~tand•m.l hou"n'g 1. 

fi151(t·ir.~ f~ul. pilnc Is blow in 
~l~d frame uf d.JJ ,., d~it tt slj;'hllf diStil rkJ 

Par 1 ial collapse of 'A'J Hs anJ roofs of huU:.St"ll 

Cu•t\.Tt' t~· ur dnll~..·r blut:l """lis. not h.:tn1Qt~{·d. ~han..:r 
llYWCf 3imi1t)f scri<;us ~ructura1 damap,c 

5fJ'\;) Jc 1 rul1 ion u! br ,"kl.'\)rk. 0 l hu u~l!l 
H<.· d"') m.1cltu~e.' ( -\.:.QJ 1.,1 111 hdll~lrbl l'tull-.l1n~!S ~uff.a liitlc d.~magc: 

~tecl fmmc buildin~ ... disrort an~ pull a-wa~· from foundations 

Fr~ md<:~. ~U-lritrniit!J. sle-d pand butiJJn~' ..... ~,n•uhsh..:d , rUJ'IUr~ t11 t1i) 

'tl)t a~c !.anks 
ClaJJi n!J. ollig.hl in<.!U'l ritt1 hutl"mf:!s rup tu r..:' 
\\',~J~ t\ Ulili1y llt'ikS ~rtlt]); l12IJ hydrau li.c pt ~~CiC''> ( 411.1M..Itl Jt'- J in '!)u[ljint;s. 

~li#t tl) damar,ed 
~ :=- arl>· c;,:Qmplt.:~t" .... C'~lnJcllun uJ huul: ~ 

f.(l;-~ded t1 ain W•tl"lnr. O\~rrur ned 

Br~k pa~ds. 8 12 m thick. not rdnfort"~·J. tail by sh~·~rmg ur !'l·xur\.' 

Ln;~tkd lr1tm ht)XC.Jt ~ ~ntnpleh .. h· 11!11\11 h'I'Lj 

Prol'lahk total dcsuul!tion ''f buj[din~l'i: bca ... ·y machin~ toots t7(,'(JU lb) 
rno\C'J and badJ~· damag~IJ. ,.CT)' h:a."~· machm<: Luol!s ll~ .. .t.H.H..I 1b) 
-.ur\t\~ 

Limi1 nf cratt·r lip 


