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Abstract.

A new method was used to reduce the evaporation of liquids
(petroleum and gasoline) by preparing a new compound of the active
compounds on the surfaces of liquids, which was synthesized from the
reaction of EDTA with TBM in ratios of 1: 4 and the result was
diagnosed spectroscopically by means of FTIR spectrum, 'HNMR
spectrum, & 0 NMR, CHN, and DMNR. Which confirmed and proved
the proposed formula for the resulting compounds which is (tetrakis (2,6-
di-tert-butyl-4-methylphenyl 2,2 ', 2 2 ") - (ethane-1,2-diylbis
(azanetriyl)) tetraacetate.

And through the use of the previous compound, the process of
reducing the rates of evaporation of light hydrocarbons was successful,
and by this, by taking certain concentrations of the above-prepared
compound, in determining and reducing the rates of evaporation of
volatile hydrocarbons from gasoline and o1l during storage and
transportation and at different temperatures (25, 37, 50 degrees Celsius)
was done determining the optimal concentration by determining the
lowest steam saturated pressure of the corresponding concentration,
which 1s (1.5 mg / kg) for the prepared compound versus gasoline and
petroleum, and the reduction ratios were estimated (95, 92.5, 91.5%) for

gasoline and for oil (87.2, 86.0, 85.6% ), respectively for degrees various
thermocouple (25, 37, 50 ° C).




Chapter One

Introduction

The great importance of the environment has prompted man to think seriously
about ways and means that help protect this environment from pollution. The
continuation of human life on this planet is clearly dependent on the extent to
which the environment continues to provide what it offers to humans of the
ways and elements of life. Life will not continue on this earth, so man must
think clearly of ways and means that will reduce environmental pollution and
will preserve the earth's air, water and soil away from pollution that may affect
the various components of the environment. Environmental pollution is caused
by pollutants in the form of solid particles, liquid droplets, or gases, in addition
to that they may be natural or caused by human activity, with a percentage of
40% 1n the Arab world. Pollutants can be classified into primary and secondary
pollutants. Typically, primary pollutants are substances that are directly emitted
from a process, such as ash from a volcanic eruption, carbon monoxide from
vehicle exhaust, or carbon dioxide from factory chimneys. As for secondary
pollutants, they are not emitted directly into the air. Rather, these pollutants are
formed in the air when primary pollutants activate or interact with each other.
An important example of secondary pollutants is the proximity of ozone to the
Earth's surface - one of the many secondary pollutants that make up
photochemical smog. But we must also bear in mind that some pollutants may
be primary and secondary at the same time, that 1s, they are emitted directly into
the air and are also caused by some other primary pollutants. According to the
Engineering and Environmental Sciences Program at the Harvard School of
Public Health, approximately 4 percent of deaths in the United States can be
attributed to environmental pollution.

1.Crude oil

O1l is the backbone of the country's economy. Oil reserves and
production are considered to be the economy of the world countries. Crude oil 1s
a thick liquid consists of a mixture of organic and organic compounds. The
latter 1s the main component of petroleum, containing hydrocarbons of the basic
C1-C64. Crude oil consists of a group of different hydrocarbon group. These

include aromatic, naphtha and paraffin compounds, each with individual sub-

2]
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assemblies. The composition and length of carbon-carbon structure of crude oil
and different from country to country and even inside the same country, among
different fields [1]. Petroleum is a Latin word consisting of two syllables, petro
and the geologic world. Agricola was using leum, which means Rock oil. This
word 1s used for the first time in 1564, the founder of geology[2]. The attention
of the world to this material has been increased in recent years dramatically

leading many different scientific institutions to develop the disciplines

concerned with studying the various aspects of the oil industry [3]. There's oil in
a different part of the world in different qualities and structures, rough close to
the earth's surface and this type is not good because of the loss of many volatile
components, etc. Are found in deeper places and good quality despite the

additional costs of the revision [5].

Crude oil consists of various hydrocarbons in which lighter components
may evaporate 1n the storage tanks at ambient temperature and pressure. The
evaporated materials are wusually released to the atmosphere causing
environmental pollution and reducing the quality of the crude oil. Considering
the economic importance of the petroleum and also restricting standards in air
pollution, any reductions in evaporative losses are of significant practical
values. With the increase in air pollutions, federal and state laws have
progressively changed over the years, requiring controls on storage tanks to

reduce the emission of certain pollutants (212).
1.1. Classification of crude oil
Crude o1l 1s classified in two according to types:

Chemical classification and physical classification

Kl

CamScanner - Lig.s d>guaall



1.1.1Chemical classification

These chemical classification are as follows:
Paraffinic(C,H,,.») 1
Naphthenic (C,H,,).2

3.Aromatic (Cy,oHy,0)

Crude oil 1s a complex mixture containing thousands of compounds from

many different chemical classes with a large variety in physical

properties[8].The chemical composition of crude oil 1s generally divided into
four categories depending on their characteristics. These include saturated
hydrocarbons, aromatic compounds, resins and asphalt. Saturated hydrocarbons
are compounds such as straight-line alkanes (octane) paraffin's (methane and
propane),and naphtha rings are the simplest hydrocarbons and the lighter part of
crude o1l. Hydrocarbon aromatics can be either mono,binary or polycyclic such
as benzene, naphthalene and fluorine [9]. Crude oil is also classified as light,
medium and heavy depending on the density with respect to the specific gravity
value [10]. Its density is allocated to the concentration of various components in
crude o1l. O1l, which 1s light, will contain mostly saturated hydrocarbons and
less molecular weight aromatic, while medium and heavy oils contain a large
portion of aromatics, resins and basins. In addition, crude oils containing high
sulfur(more than1%sulfur by weight)are "acid" while those containing less than

1% sulfur content are considered 'sweetener'[11].

1.1.2. Physical classification (API)

Oil can be classified in to heavy and light. It depends on its density. API

degree (American petroleum institute) 1S a common measurement supported by

L+
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oil density [12]. If the API increases, the viscosity will decrease, usually
increasing API grade means that crude oil contains high levels of naphtha with
volatile hydrocarbon paraffin which can be easily processed to produce gas oil,
and this crude 1s light .Heavy crude oil 1s more viscous, has high boiling points,
densities and less API grade, and 1s usually rich in aromatic and tends to contain
more than other substances such as asphalt and heterogeneous rings containing
sulfur, nitrogen and hydrocarbons containing oxygen[12].The value of API
grade currently accepted which can distinguish between heavy and light o1l is
28< API> 33 respectively[12].Crude oil can also be classified according to the
sulfur content due to its effect on quality. There are types with low content of
less than(0.5% and others with about (0.5-4% ).These are the common types in

the world.There are also some heavy species with high sulfur content from 4 to

7% [13].
1.2 Chemical Composition of Fuel

Fuels have historically contained significant fractions of harmful
chemicals, some of which have been documented as contributing to morbidity
and mortality in exposed persons. Crude oil, from which fuels have historically
been refined, already contains toxic chemicals such as benzene [236]. Fuel
additives including anti-knocking agents and oxygenates have historically also
been a health concern [226]. Fuel composition has changed over time, primarily
due to environmental and health concerns [226]. Fuel composition also depends
on geographic location and fuel type (e.g., conventional versus reformulated
gasoline) [227]. In the 1920s, lead was added to gasoline as an anti-knocking
agent to replace added benzene because of its carcinogenicity [228]. Due to the
massive release of lead to the environment and its neurotoxicity [229], lead was
replaced 1n the 1970s by less toxic anti-knocking agents including methyl tert-
butyl ether (MTBE) [230]. To reduce formation of ground-level ozone and

associated adverse respiratory health effects [231], cleaner burning of fuel was
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sought 1n the 1990s by adding oxygenates to gasoline. This was accomplished

by increasing the concentrations of MTBE, which acts as an oxygenate [226].
However, MTBE accidentally released to the subsurface [232] contaminated
downstream drinking water wells relatively quickly, moving almost with the
speed of groundwater, because MTBE 1s hydrophilic and poorly biodegradable
[233]. MTBE was later on identified as a potential human carcinogen [233]. In
the USA, MTBE was therefore phased out in the 1990s; at the same time,
refineries began supplementing fuel with ethanol as an oxygenate [234].In
current gasoline formulations, benzene, toluene, ethylbenzene, and xylene
(BTEX) and particularly benzene are the most studied chemicals and are

currently believed to be of greatest health concern [235].
1.3. Gasoline

Gasoline 1s a Volatile Organic Compounds (VOCs) with different boiling
point range of (30-200) °C. The lightcompounds that have boiling point of less
than 40 °C constitute about 10V % (202).Gasoline is a mixture of hydrocarbons
C4-C12 containing double or single bonds. This petroleum part distills at a
temperature of between 30 and 220 °C ,which is very dangerous and can easily
evaporate at room temperature and atmospheric pressure,is highly inflammable
and becomes explosive when volatile gas 1s mixed with air. The gasoline
mixture also contains a small amount of oxygen, sulfur compounds and nitrogen
compounds. The hydrocarbon compounds found in gasoline can be classified as
n-paraffin's, aromatic, olefins, iso-paraffins compounds and naphthenics.The
relative ratios between these five group of hydrocarbon are determined by
considering the manufacturing process, engine requirements and quality
standards for appropriate fuel in each country[20]. The gasoline for cars is
produced in Korea by mixing straight-run gasoline reformed gasoline ,cracked

gasoline and methyl tributyl ether (MTBE) of refineries based on quality
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standards from gasoline of the petroleum business act are alternative fuel oil and

add various, such as antioxidant[21].

Through the storage period, hydrocarbons in gasoline may cause
chemical or physical changes through their chemical reaction with oxygen in the
air, resulting in a change in fuel quality.in addition, the oxidation of the
components found in the gasoline itself also caused deterioration of fuel quality

affecting the fuel quality [22].

Because of the oxidation of the fuel involved in the storage the amount of
gums-a polymeric material produced by polymerization or the condensation 1s
increased through oxidation, the olefin content 1s reduced the vapor pressure
from the lower component of the low boiling point by evaporation the
composition in changed after these changes are completed if gasoline is used as
fuel for cars ,gums may be deposited into the fuel supply system, consist of the
fuel filter and fuel delivery line, which can cause problem at startup and reduce

the performance of the vehicle[23].

Generally, the use of tin-wrapped steel containers and closed storage of
gasoline for the long term some rural consumers have complained of reducing
the octane numbers of gasoline stored in plastic storage containers in Korea.
This 1s because plastic container 1s cheaper than tin-plated steel containers and
can be easily purchased. Octane numbers are among the most important
physical criteria that are evaluated because they are directly related to engine
performance and power. The 1ssue of fuel quality has been raised in gasoline,
which has not been used for long in dual-fuel vehicles the use LPG (liquid
petroleum gas) and gasoline at the same time. Complaints were also made about
the deterioration of the quality of gasoline based on the fuel storage
environment and on the deterioration of the quality of gasoline stored in plastic

containers. It 1s reported that hydrocarbons in gasoline may be permeated with

Kl
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plastic. However, the influence of adsorption on fuel quality has not been
scientifically proven, resulting continued difficulties in quality control. The fuel
tank is made of plastic for weight loss and its multi-layered use using high
density,regrind, ethylene-vinyl alcohol(EVOH). However, the fuel tank material
i1s not the target, storage instead of material for car parts. In this study, the
difference in the quality of the long-range storage fuel of gasoline for cars
traded in Korea was examined at the laboratory level. Simplified storage
container currently used the study was prepared using plastic materials.During
the storage period(four months),the quality of the gasoline was evaluated by
measuring the main factors that represent quality characteristics, including
octane number, distillation, vapor pressure, oxidation stability and ingredient
component(aromatic compounds, paraffin, naphtha, and olefin) for storage

containers after storage period.
1.4. Evaporation

Evaporation loss i1s a natural process in which part of liquid is turning to
vapor and vanishing into the atmosphere Crude oil compound from the several
hydrocarbons in which some of them evaporate and could be released into the
atmosphere at ambient temperature and pressure. This process causes to pollute

the environment and has effects on crude oil quality. Any reduction in the loss

will also have financial benefit. This makes the phenomena, crude oil
evaporation loss an important issue, which should be carefully investigated and

effects of various parameters be studied (202).

Evaporation 1s a physical process in which the molecules of a substance
change from a liquid state to a gaseous state. This process occurs only on the
surface between liquid and gas (the upper layers of the liquid evaporate .The

causes of evaporation:

e
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1 - Availability of assistant factors such as temperature, increasing
temperatures evaporation increases and that evaporation causes economic

deterioration quantities of oil lose quantities of oil lose (C6 - C1) [39,40].

2 - Environmental degradation affecting on the environment, soil and

human [39, 41-43].

3 - Physical degradation of the oil itself when evaporative light
hydrocarbons leaving only the heavy part, which in turn affects the quality of
oil. As Iraq suffers from the evaporation of 3 million tons per year as normal as
the production of Iraq 200 tons per year the Iraqi Ministry of Oil set the
evaporation rate per year for every day 5% equivalent to 5 liters for 1000L (the
greater the surface area evaporation increases) [44-46].The problem of reducing
the light hydrocarbon loss of oil along the way of assembly and preparation of
oil fields to the consumer i1s a closely related problem, solving not only the
environmental aspect but also the economic side.Oil losses from evaporation in
Russia are between 500 and 600 tons per year, and in tropical countries the
share of these losses is much higher. The reason for this is higher air

temperatures in these countries compared to Russia[47-49].

1.4.1.Hydrocarbon Release During Fuel Storage and Transfer at Gas

Stations

Pollution of environment is not only due to emission of hydrocarbon from
the exhaust gases of vehicle, but hydrocarbons present in gasoline are also
responsible factor. Transportation plays a major role in GHG (greenhouse gas)

emission which 1s directly associated with climate change (213).

It 1s released into the environment from the tank of automobile when it 1s

refueled and additionally all through transportation and storage because of
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evaporation. Due to the evaporation of gasoline, organic vapor is released into
the atmosphere, which causes huge energy waste and severe environmental
pollution like ozone pollution. and Around 1.5 — 2% gasoline 1s evaporated 1n to
the atmosphere, when it 1s shifted from producer to customer and around 40%
of the hydrocarbons(emitted by road transport) comes from the evaporation

from the fuel system of automobile with gasoline engines (214, 215, 216).

It 1s also observed that due to solar radiation, temperature of gasoline in
fuel tank increases and evaporation takes place, which is hazardous to human
health. (Petrol H. O. W ,217) explained hydrocarbon (HC) release during
refueling storage of gas stations and transferring the fuel to fuel tank and its
effects on human health and environment. It has been observed that the

attendants on gas stations and the drivers of the vehicle are mainly surviving

from the health risk because of inhaling hydrocarbon (HC) (218; 219).

During delivery, storage, and dispensing of fuel at gas stations, unburned

fuel can be released to the environment in either liquid or vapor form. Fuel is a

complex mixture of chemicals, several of them toxic and carcinogenic [221].

Table 2.1 shows the statistics of USA and Canada gasoline consumption,
with a presumption that if a small 0.1 % of hydrocarbon (HC) 1s considered to
be released 1in environment. When gasoline 1s evaporated, its composition and
properties also varies because different components evaporate at different rate.
It 1s a general phenomenon of the gasoline and occurs in all type of equipment
fuel tanks. When gasoline i1s filled in tank, light component is evaporated first
which is essential element for octane benefits during cold start. Because when

cold start occurs these light component forms most of the air fuel mixture.

In the absence of these light components mixture becomes lean which causes
higher temperature, pre ignition, detonation and finally it damage the piston

(214, 215, 216).

o
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Table 1.1. Gasoline consumption per annum (220)

Country Consumption/Citizen | Release of hydrocarbon

the atmosphere

USA 430 gallons 1.6 Liter

Canada 450 gallons 1.7 Liter

From, Table 2.2, 1t 1s clear that evaporative losses was very high in 2009 and
that can be minimized by providing a proper insulation on the fuel tank.
Refueling losses are outcomes of evaporation due to vapor collection in tank
under solar radiation. Evaporative losses are of two types, qualitative and
quantitative losses. Quantitative losses are caused by evaporation and

qualitative losses are caused fluid decomposition.

Table 1.2. Gasoline outlet evaporative at gas stations in 2009 (220)

Evaporative losses Liters
Total Evaporative losses 58,300,000
Operational losses, outlets 37,300,000
Refueling losses, vehicle 21,100,000

With a population of about 34 million, we estimated that about 1.7L of
gasoline was released per capita per year in Canada from evaporative losses,
without counting the liquid spills. While personal intake of this quantity of
gasoline would result in serious adverse health effects, environmental dilution

can decrease personal exposure. Cumulative adverse health effects could be




more pronounced in metropolitan areas where more people are exposed and

where the density of gas stations is larger than in rural areas (225).

At gas stations, fuel can be released in both liquid and vapor phases
during delivery, storage, and dispensing. Direct vapor release is usually
associated with atmospheric pollution, while liquid spillage is commonly
associated with soil and groundwater contamination. However, spilled liquid
fuel also evaporates into the atmosphere. Hypothetically, hydrocarbon vapors
can also condense back into liquid form; however, this appears to be unlikely
due to quick dilution in a typically turbulent atmosphere. Figure 2.1 depicts how
releases of unburned fuel contaminate the atmospheric, subsurface, and surface

water environments (225).

Vent emissions

Street gutter

Runoff
\ ‘
- . '":' = " :‘H‘ —y -1- _: 1::-; - I: =
. | Il

Stormwater drain

é— Drinking /
Groundwater flow water well

Runoff discharge
into surface water

Fig. 1.1. Gas stations are consequently release pollutants to the atmosphere, the

subsurface including soil and groundwater, and surface water
1.4.2. Vapor Fuel Releases

Fuel evaporative losses have received more attention than liquid fuel
spills (even though they are related) [237, 238]. These losses are related to the
fact that the headspace above liquid fuel in vehicle and storage tanks tends to

approach thermodynamic equilibrium with the liquid. Consequently, almost
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saturated gasoline vapors can be released to the atmosphere when tanks are
refueled, unless a suitable vapor recovery system is in place. Since saturated
gasoline vapors have a density that is three to four times larger than the one of
air, i.e., 4 kg/m? , and the density of liquid gasoline is about 720 kg/m> [239],
about 0.5% of liquid gasoline dispensed to a tank is released to the atmosphere
if the entire headspace is in equilibrium with the liquid fuel. This is true for any
type of tank, whether it 1s a vehicle tank, a canister, an underground storage tank
(UST), or an above-storage tank. The percentage loss is less if a tank received
clean air relatively recently, e.g., when the fuel level in a storage tank drops

because of gasoline-fuel dispensing.

It 1s important to note that vapor recovery at the nozzle can cause vapor
releases at the storage tank, because vapors recovered at the nozzle are typically
directed into the storage tank. The storage tank, in turn, can °breathe’ and
potentially release recovered vapors immediately or at a later time. A tank sucks
in relatively uncontaminated air as the liquid fuel level drops in the tank due to
vehicle refueling, and it releases vapors through the vent pipe into the
atmosphere if the gas pressure increases and exceeds the cracking pressure of
the pressure/vacuum valve, when fuel evaporates into unequilibrated gas in the

headspace.
1.4.3. Light hydrocarbons in western Siberian fields

The analysis obtained from the oil treatment plants in the field work has
shown that the oil treatment is largely, even in the complex automation
conditions of oil and gas. Technological losses of oil in the fields occur as a
result of the burning of accompanying oil gas and incandescent liquid drips,
losses due to water injection to maintain reservoir pressure, as well as the losses

resulting from the evaporation of oil from reservoirs.

=
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The process of loss of quantities of oil from extraction sites falls within
the range 0.4 - 0.7% weight of oil. The largest share of the treatment of oil
losses occurs in evaporation from crude oil tanks due to "large and small

breathing", which accounts for more than 90% of the total operational losses.

Discharging and filling the fuel tank with oil and evaporating from the
atmospheric gas mixture as a result of the "big vent" entering the air and
releasing a mixture of gas to the air through the breathing valve when the
temperature and pressure change during the day at a constant level of oil in the

tank.

It has been found that the ways to reduce the loss of hydrocarbons during
the evaporation of oil in the reservoirs can be divided into three groups:
preventive evaporation, reducing evaporation, accumulation of the product and

evaporation of oil.

The loss of o1l during storage in non-enclosed tanks is largely dependent
on evaporation. The greater the amount of oil in the light parts, the more
evaporation, and therefore the loss of oil. It has been shown that at the stage of
storage, it 1S necessary to maintain lower temperature and pressure than the

atmosphere [51].

As a means of combating the loss of oil stored in reservoirs, it is

recommended to use floating surfaces and buoys.

Analysis shows that the use of this type of reservoir is ineffective in
temperate climates. For western Siberia and oil-producing fields that contain
water due to rain, the use of floating surfaces and buoys leads to significant

COSIS.

[
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1.4.4. Loss of light hydrocarbons in Iraqi fields

As mentioned above, losses from hydrocarbon evaporation in the tank are

one of the most important problems of our time. Where the partially converted

old tanks are still in use. Despite the modernization of equipment and tools, but

oil losses due to evaporation from reservoirs, during transportation, and storage

of oil.

These processes have a negative impact on the environment and increase

the material costs of the state [39.41].

Iraq 1s, because of its warm climate, the loss of light hydrocarbons in the oil

tank is much higher. At summer temperature up to 35 - 47 °C in winter 10 - 20

°C The loss of light hydrocarbons is given in Table 2.3 [39,41, 66].

Table 1.3.Loss of light hydrocarbons in reservoirs in Iraqi fields

Geographical Location deposit Loss of Time of year
hydrocarbons per
1000L per hour
North of the country 4.5-4L In summer
3.5-3L .

In winter

The central part SL In summer

el In winter
South of the country 3-7L In summer
5.5-6L In winter

CamS




1.5. The negative effects and risks of evaporation of petroleum
hydrocarbons from gas stations and large tanks on humans, the

environment and the economy

Gas stations exist as part of the built environment and are widely
distributed across communities. As a result, they may be surrounded by
residential dwellings, businesses, and other buildings such as schools. Operation
of gas stations may thus create opportunities for a variety of human populations
to be exposed to vapors during station tank filling and vehicle refueling. These
human populations can be broadly grouped into three groups: populations
exposed occupationally as a result of employment in various capacities at the
service station; those exposed as customers engaging in vehicle refueling; and
those passively exposed either by residing, attending school, or working near
the refueling station. The exposures to benzene and other components of
refueling vapors and spills experienced by these populations vary based on a
number of factors, including the size and capacity of the refueling station,
spatial variation 1n pollutant concentrations 1n ambient air, climate,
meteorological conditions, time spent at varying locations of the service station,
changing on-site activity patterns, physiological characteristics, and the use of

vapor recovery and other pollution prevention technologies.

Employees at service stations (such as pump attendants, on-site

mechanics, and garage workers) are among those with greatest exposure to

benzene originating from gas stations [223]. These receptors spend the most

time on site (potentially reflecting approximately 40 h per week, for decades)
and intermittently spend time where vapors from the pump are at their highest
concentrations, with benzene concentrations measuring between 30 and 230 ppb
in the breathing zone [240-241]. Gas station patrons can also be exposed to
vapors when refuelingand tanker truck drivers [224]. Compared to station

employees, their exposures are brief and transient. A Finnish study reported a

o
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median time spent refueling of approximately 1 min, whereas 3 min was the
median duration 1n the USA [242, 243]. The same US study reported an average
benzene personal exposure concentration at the pump of 910 ppb, with the
strongest predictors of benzene levels being fuel octane grade, duration of

exposure, and season [243].

Those occupying residences, businesses, and other structures neighboring
gas stations can also be exposed to fuel vapors originating in the gas station,
though typically at lower concentrations than those measured at the pump.
While vapor concentrations will drop as the distance from the service station
increases, exhaust fumes from waiting customers and fuel delivery trucks can
also contribute to vapors in proximity to gas stations. A small number of studies
have examined benzene concentrations at the fenceline of the service station and
beyond. A study published by the Canadian petroleum industry found average

benzene concentrations of 146 and 461 ppb at the gas station property boundary

in summer and winter, respectively [244]. A South Korean study examined
outdoor and indoor benzene concentrations at numerous residences within 30 m
and between 60 and 100 m of gas stations and found median outdoor benzene
concentrations of 9.9 and 6.0 pg/m> (about 3.1 and 1.9 ppb), respectively.
Median indoor concentrations at these locations were higher, reaching 13.1 and

16.5 pg/m3 (about 4.1 and 5.2 ppb), respectively [245]. Another study found

median ambient benzene levels of 1.9 ppb in houses both 100 m from a service
station [246]. Yet, another study [247] found that benzene and other gasoline
vapor releases from service stations can be discerned from traffic emissions as
far as 75 m from service stations and that the contribution of service stations to
ambient benzene is less important in areas of high traffic density. This is
because vehicle exhaust 1s usually the most abundant volatile organic compound
(VOC) 1n urban areas, often followed by gasoline vapor emissions from fuel

handling and vehicle operation [248].
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Beyond contact with surface-level gasoline vapors, fuel releases may
result 1n other exposure pathways. Soil and groundwater contamination is
common at gas stations. Drinking water wells proximate to gas stations, which
in rural areas are often the only drinking water source, can become
contaminated, potentially exposing well users to benzene and other chemicals
(249, 250]. In addition, runoff from rain and other weather events can carry
spilled hydrocarbons, which can contaminate surface waters; those using
surface waters, either recreationally or for other purposes, may be exposed to

these contaminants through dermal contact or incidental ingestion.

In the USA, the Environmental Protection Agency (EPA) regulates
releases of benzene under the Clean Air Act as a hazardous air pollutant, and
benzene is listed as number 6 on the 2005 priority list of hazardous substances
under the Comprehensive Environmental Response, Compensation, and
Liability Act and any release greater than 10 pounds triggers a reporting
requirement. Different quantitative toxicity metrics exist for benzene inhalation.
The EPA Integrated Risk Information System (IRIS) has published a reference
concentration of 0.03 mg/m> (about 9.4 ppb), corresponding to decreased
lymphocyte counts [251], whereas the NIOSH recommended exposure limit

(REL) 1s a time-weighted average concentration (for up to a 10-hour workday

during a 40-hour workweek) of 0.319 mg/m3 (about 100 ppb) [252].

While research attention has been paid to measurement of gasoline vapor
constituent concentrations 1n air at and near service stations, less 1s known about

the health consequences faced by those that are exposed to gasoline vapors. Of

the limited literature examining these exposures, service station workers have
received the greatest attention, and exposure is often assessed as a function of
job title, rather than specific measurements of vapor constituent concentrations.
An older study looking broadly at leukemia incidence in Portland, Oregon,

found that gas station workers were at significantly increased risk for
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lymphocytic leukemia [253]. A proportionate mortality ratio analysis of all
deaths recorded in New Hampshire among white men from 1975 to 1985 found
elevated leukemia mortality in service station workers and auto mechanics
[254]. The type of leukemia was not specified. An Italian occupational cohort
study of refilling attendants that examined risks among workers at smaller gas
stations reported non-significant increases in mortality for non-Hodgkin’s
lymphoma and significantly elevated mortality for esophageal cancer in men, as
well as increased brain cancer mortality in both sexes [255].A different cohort
of 19,000 service station workers in Denmark, Norway, Sweden, and Finland
examined an array of cancer end points and found increased incidence for
multiple sites (nasal, kidney, pharyngeal, laryngeal, and lung) among workers
estimated to be occupationally exposed to benzene in the range of 0.5-1 png/m?
(0.16 - 0.31 ppb). Nonsignificant increased incidence was found for acute
myeloid leukemia in men and for leukemia different from acute myeloid
leukemia and chronic lymphocytic leukemia in women [256]. A case—control
study of multiple occupations including subjects from the USA and Canada
found significant increases in rates of total leukemia and acute myeloid
leukemia but not acute lymphocytic leukemia in gas station attendants [257]. A
2015 review of studies examining potential relationships between benzene
exposures and hematopoietic and lymphatic cancers among vehicle mechanics
yielded inconclusive results, although it suggested that if an effect was to exist,
it would be small and difficult to rigorously ascertain with existing

epidemiologic methods [258].

Benzene is a primary chemical of concern due to its classification by the
International Agency for Research on Cancer (IARC) as a Group 1 carcinogen
and a Group A known human carcinogen according to the U.S. EPA (205,206).
Exposure to benzene has been correlated to an increased risk of leukemia (acute

myelogenous, acute lymphoblastic leukemia, and chronic myeloid leukemia),
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aplastic anemia, and myelodysplastic syndrome (MDS) (207,208). Additionally,
many hazardous air pollutants (HAPs) are volatile organic compounds (VOCs)
and contribute to the formation of ozone and act as a factor in climate change.

Ozone and climate change are implicated in affecting human health adversely

(209).

It 1s known that contaminated groundwater can affect large numbers of
people if the groundwater i1s used as drinking water, as was the case in Camp
Lejeune (North Carolina, USA) where thousands were exposed to a range of
chemicals including gasoline released [259]. A study of Pennsylvania residents
residing in close proximity to a large gasoline spill found evidence of increased
leukemia risks [250, 260+¢]. The health consequences of chronic fuel releases at
gas stations that can, for example, occur due to ingestion of contaminated

groundwater, fuel vapor intrusion from contaminated soil and groundwater into

dwellings [261,262].Consideration of the effects these chemicals may have on
the atmosphere, air quality, and the health of people living near these facilities,

parti cularly the sensitive populations, must also be addressed (210).

Health effects of living near gas stations are not well understood. Adverse
health impacts may be expected to be higher in metropolitan areas that are
densely populated. Particularly affected are residents nearby gas stations who
spend significant amounts of time at home as compared to those who leave their
home for work because of the longer period of exposure. Similarly affected are
individuals who spend time close to a gas station, e.g., in close by businesses or
in the gas station itself. Of particular concern are children who, for example,

live nearby, play nearby, or attend nearby schools, because children are more

vulnerable to hydrocarbon exposure [263].

The problem of reducing the light hydrocarbon loss of oil along the way

of assembly and preparation of oil fields to the consumer is a closely related
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problem, solving not only the environmental aspect but also the economic side.
Oil losses from evaporation in Russia are between 500 and 600 tons per year,
and 1n tropical countries the share of these losses 1s much higher. The reason for

this 1s higher air temperatures in these countries compared to Russia [47-49].

Evaporation losses of oil and gasoline from tanks and other containers
cannot be completely eliminated under the current level of technology used in
the transportation and storage of hydrocarbons. This i1s the cause of both
economic loss to the gasoline station owners and environmental damage from
air pollution. In metropolitan areas the negative consequences of gasoline loss
through evaporation are exacerbated by the high building density, the
concentration of vehicles, the ever increasing transport volume [200] and
turnaround at the gasoline station tanks. Also the loss of gasoline from
evaporation leads to a deterioration in its quality and increases the specific
consumption when a vehicle 1s operating due to the changes 1n 1its
physicochemical characteristics:  Reducing the loss of gasoline through

evaporation 1s a critical factor in the rational use of fuel and energy resources

and minimising the environmental impact.

Basically, losses through evaporation include losses from saturation of
the gas space of new or reconstructed gasoline station tanks with vapor-air
mixture; losses caused by the displacement of vapor-air mixture saturated with
gasoline vapor from the tank during its filling and pumping; losses caused by

daily fluctuations in temperature and atmospheric pressure and partial pressure

of gasoline vapor in the gas space of the tank (201).

Hydrocarbon products have high demand in all world countries. this
demand is growing at an average of .8% /year , because they are cheap fuels.
Gasoline fuel is a most important fuel due to their high calorific value when it

consumed in car engine but it classify as very high volatile organic
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components (VOC) as result of it is high Reid vapor pressure (RVP). In Sudan
the price of gasoline at service stations i1s (21) pound per gal (1 gal = 5.6Ibmol
of gasoline). The total estimated evaporation losses when we use different rim

seal system and their total money loss due to evaporation loss (202).

Organic vapor 1s generated during gasoline evaporation in vehicle
refueling process, which results in huge energy waste and environmental
pollution. Every year, the economic loss caused by the evaporation of gasoline
is billion yuan and the vapor generated by the evaporation of gasoline will cause

ozone pollution (203).

According to the U.S. Environmental Protection Agency (EPA), volatile
organic compound (VOC) emissions from gasoline are, as ozone precursors,
VOC react with oxides of nitrogen in the presence of sunlight to form ground-
level ozone. The exposure to ground-level ozone 1s associated with a wide
variety of human health effects, agricultural crop loss, and damage to forests
and ecosystems. Therefore, it 1s important to quantify the extent of VOC
emissions from petroleum products marketing operations and implement
measures to curtail these emissions (211) .Because gasoline evaporation 1s a
significant environmental problem, work was initiated at the National
Alternative Fuels Laboratory (NAFL) of the University of North Dakota Energy
& Environmental Research Center (EERC) to investigate evaporation rates of
various gasolines and gasoline-oxygenate blends and the composition of their

evaporative emissions (204).
1.6.The methods of reducing losses of petroleum products from tanks

1. Reduction of volume of gas space of tank through the use of a layer of
microscopic plastic spheres, floating protective emulsions, pontoons, and

floating tank roofs.
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2. Storage of petroleum products under overpressure. With this method it

is possible to entirely eliminate losses from small breathers and partially from
large breathers. The optimal overpressure in a tank depends on the physico-
chemical properties of the stored petroleum product and the environmental

conditions and 1n each individual case must be determined by calculations.

3. Decreasing the amplitude of the oscillations in the temperature of the
gas space of a tank by coloring it with beam-reflecting coatings, the use of

thermal insulation, watering, and shielding of the tank.

4. Capture of the vapors of the petroleum products through the use of a
gas-equalization system, gas piping of the tanks, and a system for capturing

light fractions.

S. Management and technical measures, such as training highly skilled
staff, storage of petroleum products at maximum possible filling of tanks;

maintenance of tanks and breathing equipment in a functioning state, etc (264).

1.7.Tanks of petroleum

1.7.1. Storage tanks

Reservoirs are generally used to store crude o1l and its derivatives, liquid
chemicals and water. Most of the storage tanks are designed according to API
specifications of the American Petroleum Institute. These reservoirs can have
different sizes, ranging from 2 to 60 meters or more. The industries in which
storage tanks can be found are oil production and refining, petrochemicals and
chemicals, bulk storage and transport, and other industries that consume or
produce liquids and vapors. But the nature of the material to be stored plays a
key role in determining the quality of the tank to be used in order to maintain
the specifications and quantity of the stock and its safety to reach the consumer

according to the agreed specifications. These reservoirs vary in terms of
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capacity and tolerance of heat and pressure. Some of the reservoirs reach more
than half a million barrels, especially reservoirs used to store crude oil,
sometimes reaching more than 200 ° C in some asphalt tanks and high viscosity
products. Sometimes about 14 ° C especially in tanks used to store high-
pressure gaseous hydrocarbons and evaporation such as propane, butane and
others. So it 1s necessary to know the types of reservoirs and accessories and

proper storage methods to be followed for each product[102-107].
1.7.2. Kind of tanks

In Iraq there are many types of tanks for the conservation of petroleum or
its derivatives, depending on the type of material (evapability) and by the degree
of flash. All o1l tanks are built and designed on the surface of the earth, and in
different geometric shapes, including cylindrical and various surfaces, for

example:

1.7.2.1.Vertical cylindrical tanks with triangular ceilings [108]. Fig. (2.2.)

e S

-

Fig.1.2. Vertical cylindrical tanks with triangular ceilings
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1.7.2.2.Vertical cylindrical tanks with central column and triangular
ceilings [109]. Fig. (2.3)

Fig.1.3. Vertical cylindrical tanks with central column and triangular ceilings

1.7.2.3. Vertical cylindrical tanks with semi-circular ceilings [110]. Fig.
(2.4)

8 0

Fig.1.4. Vertical cylindrical tanks with semi-circular ceilings



1.7.2.4. Vertical cylindrical tanks with central column and semi-circular

ceilings [111]. Fig. (2.5)

Fig. 1.5. Vertical cylindrical tanks with central column and semi-circular

ceilings

1.7.2.5. Vertical cylindrical tanks with semi-circular ceilings and floating
roof. Fig. (2.6)




1.7.2.6. Vertical cylindrical tanks with a central column with semi-circular

and floating roof Fig. (1.7)

Fig. 1.7. Vertical cylindrical tanks with a central column with semi-circular

and floating roof

1.7.2.7. Horizontal Cylindrical Tanks [110,111]. Fig. (1.8)

Fig. 1.8. Horizontal Cylindrical Tanks

1.7.2.8. Vertical cylindrical tanks with movable surfaces [112].Fig.(1.9)
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Fig.1.9. Vertical cylindrical tanks with movable surfaces

1.7.2.9. Vertical cylindrical tanks with fixed ceilings and inside buoys. Fig.
(1.10)
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Fig. 1.10. Vertical cylindrical tanks with fixed ceilings and inside buoys

CamScanner - Lig.s d>guaall



1.7.2.10. Vertical cylindrical tanks with floating balls [112]. Fig. (1.11)

Floating
balls

Fig. 1.11 Vertical cylindrical tanks with floating balls

1.7.2.11. Cylindrical horizontal tanks under the surface of the earth with
reflectors. Fig. (1.12) and others

Fig. 1.12. Cylindrical horizontal tanks under the surface of the earth with

reflectors

The sizes are different depending on the type of manufacturer and the

purpose of building the reservoir. And all reservoirs are almost equal to the



equipment added to the tank, for example in all tanks: a slot for the sample,
mechanical vent (open when emergency or pumping 1n the tank), and automatic
vent (opens when the pressure of saturated gas to a certain degree), and other

equipment (For measuring pressure, etc.)

The companies designed for these reservoirs have developed many
conditions to maintain the tank's permanence, as well as avoid explosions and
fires from the use of reservoirs with incorrect image, for example, should open

the vent at least 3 times per month. Normally, this air (or vent) is a mixture of

air saturated with liquid steam (petroleum), light hydrocarbons C1- C5 with atir.
The cause of evaporation 1s when the temperature of the air during the summer
day or other (when the sun 1s vertical) 1s high, an increase in evaporation that
occurs on the surfaces of oil, fill the tank with liquid steam and then increase
pressure on the walls and ceiling and comes out of automatic ventilation and the
same process 1s when pumping Quantities of oil in empty reservoirs, where they
are filled with saturated steam, mixed with it increases the pressure and also

come out of the reservoir.

Ventilation, which occurs at night or in cold days, 1s when the air
temperature 18 low and the gas pressure in the tank 1s low, the air pressure
outside the tank is higher than the internal pressure of the gas in the tank, so it
will enter the reservoir and mix with oil vapor and increase the evaporation
process. The surface of the liquid evaporates again. It 1s also not possible to add
new technologies to these reservoirs or can not be replaced with modern tanks
because they need to work, cost and time 1s very large. For this reason, tanks
have been prepared with new specifications to preserve oil derivatives, not oil

itself, forgetting that the derivatives are originally from the same crude oil.

All these reservoirs are designed for the purpose of storing oil derivatives

with low flammable degrees, and they also save derivatives to 95% of
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evaporation. Despite this feature, it has many disadvantages, for example: tanks
with moving surfaces, not suitable for areas where the rain or snow or dust
storms, and also possible to evaporate between the roofs and walls of the tank or
enter the soil into the reservoir and the contamination of liquids and the cost of
building this reservoir. He needs a lot of money[l113-115]. The vertical
cylindrical tanks with fixed ceilings and inside buoys are called buoys (or rafts).
It 1s a disadvantage that the rafts inside the tanks can be overturned or become
tilted inside the tank when there is a defect in pumping liquids. High as well as
tanks with floating balls: It has disadvantages where it is possible to stick these
balls on the walls of the reservoir from the inside when pumping or clouds and
lose its work. As for the underground tanks, they can be corroded by the effects
of dust surrounding the reservoir, and other disadvantages. Moreover, the cost
of erecting and constructing these reservoirs requires very high costs, in

addition to working hands and a very long time to erect them.

Leaking underground storage tanks are a major source of water
contamination. Studies by the U.S. Environmental Protection Agency found that
about 80% of the 1,400,000 underground gasoline storage tanks in the United

States were bare steel tanks lacking corrosion protection, and that about 35% of

the tanks tested leaked at an average rate of 29 L/day (265).
1.8. Objectivity of the problem

One of the main causes of losses 1s the lack of field techniques to collect
and store o1l 1n reservoirs. Several studies [50, 51] have shown that more than
85% of oil losses are due to evaporation. In addition to material losses, oil
evaporation is often associated with deterioration in some physical and chemical
properties of petroleum and leads to environmental pollution. During the
evaporation of light hydrocarbons, the physical properties of petroleum change:

density increases, fracture structure becomes heavier, and so on. During
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evaporation, part of the air vapor mixture is expelled from the gas area. Under
normal conditions in the tank, the gas area is filled with a mixture of air vapor
and oils. In this regard, the development and study of ways and means to reduce
the loss of light hydrocarbons in the preparation of oil for users of soil below
the surface of the land 1s a priority of modern petroleum science and practice
[52]. Therefore, it 1s urgent to establish effective methods to reduce oil loss

from evaporation during the preparation of the oil field for transport.

1.9. The main objectives of the study

1.To analyze the main causes of the loss of light hydrocarbons in the
process tanks in the field of oil preparation and determine the most effective

ways to reduce losses.

2.To conduct research on the typical environment of gasoline and normal
gasoline in order to determine the effect patterns of the active substances on the
gasoline evaporation surface and to determine the optimum surface

concentration that ensures maximum steam pressure [53-55].

3.Develop techniques to reduce the loss of light hydrocarbons in the
process tanks when preparing the gasoline in a field and determine the time of
the effect of the surfactant when replacing the bottom layer of the product with

a fresh (not containing surface material).[53,54,56, 65-71].

4.Add organic compounds to reducing the evaporation rate of the

gasoline tanks by more than 95%. at different temperatures 25, 37, 50 C.

5.This technique 1s more economical and can be applied to any kind of

tanks.

6. It is less effort and does not require workforce and does not affect the

chemical properties of gasoline and added in very small amounts (ppm) suitable
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for all environmental conditions as well as preserving the environment from

pollution caused by evaporation .

7.The effect of this compound can be seen when adding it once to the
gasoline its effect remains more than (40) times when the replacement

fuel(gasoline) with a new fuel (when pumping and withdrawals) without any

addition.
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Chapter Tow
(Theories Used)

2:Basic theories on the use of surface-active compounds and on the quality

and method of reducing hydrocarbons in gasoline tanks
2.1 Real hydrocarbon losses from gasoline tanks

Usually, losses occur in gasoline tanks at the (big breath) of the tank.
When quantities of gasoline are pumped into the tanks, we assume that the
amount 18 (V) the latter unites with the air present and saturated with real
hydrocarbons inside the tank. Through the following equation, it is possible to

extract the weight of the real hydrocarbon losses:

 V.273.P.M
22.4.T.P,

whereas:

P = pressure of hydrocarbons Pa

PO = atmospheric pressure Pa

T = tank temperature Kelvin

M = arithmetic mean molecular weight of hydrocarbons g/mol

It 1s possible, through the above equation, that the weight of hydrocarbons can

be equal to the vapor pressure: - As noted as follows

When 313K =T, M = 60, P/PO = 2/3 the amount of hydrocarbon lost equals
1.5 Kg/m3

Thus, when the vent opens once every 10 days in a tank of 5000m3, a
quantity of fresh 4000m3 of gasoline is pumped into it. The amount of losses in

gasoline for this reservoir 1s more than (216 tons) per
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2-2 The evaporation rate of liquids can be explained by the following
equation

Wi =k, ¥%".s
whereas:
K = constant
Q = heat of liquid joules
R = general constant of gases joules/mol.K
T = actual liquid temperature K
S = liquid surface area m2

The rate of condensation of vapor on the surface of the liquid. It is explained by
the following equation

Wk = 4. P, S
Where Z = specific value of molecular weight
P = gas pressure Pa

When the two equations are equal

WE — WK
e ke—QfRT
- Z

When the vapor pressure does not depend on the surface area of the liquid,
in this case it 1s known. The boiling temperature does not allow the escape of

other compounds. This process 1s called aploscopic.

The purpose of our work is to reduce the vapor pressure at the surface of

the liquid that 1s required.
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It 1s known that the surface of the liquid contains self-particles.

When the substance (active compounds) i1s applied to the liquid surfaces,

vapors will form on the surface of the liquid again.

This 1s most evident when compared to the aplescoscopic process when

the active compound is applied to the surface which will reduce the vapor

pressure and be visible.

When the value of f(f<1) the molecules of the surface-active compounds

are not determined. Thus, the vapor pressure can be explained by the following

equation:-

Thus, the pressure will decrease

Therefore, the concentration of the active compound on the surfaces are
salts, which are known to have little solubility in the liquid, and thus will reduce
the elasticity of the vapor and it will be reduced for the longest possible period

of work (1.e. 1ts effect remains effective).

2-3 :- Properties and mechanics of active compounds on liquid surfaces
2-3-1 Mechanism of preparation of active compounds on surfaces

Figure (1) shows the preparation of organic compounds that have an
effective effect on liquid surfaces.
Four agents have been prepared, effective compounds on surfaces
- Active compound with one head

2- Active compound with two heads

3- Active compound with three heads
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4- Active compound with four heads

As shown in the following figures().

o ey &
o OoH O, ©oH l/k’;ﬁ\A
T m = - T Nie.
m-""‘*-a..a-r”;\ = ga N A — N H
Y o on 1
O O

()

O OH l),l,’r_:-

T o
In the same meaethod, we use ":"T{:" I)I—D

HO o ON moles of alcohol to 1 mole ™
of carboxylic acid. will yvield N ;\

Fig. 1. Mechanism of Organic Compound Preparation

2-3-2 Mechanical properties Effectiveness of surface-active compounds in

tanks

The preliminary results and the use of active compounds on the surfaces

were a clear reduction in the vapor pressure of gasoline

The development of a physico-chemical technical method using active
compounds on surfaces: 0 and the principle of its work until this time requires
many questions. Because it 1s not clear to many specialists when working the
active compounds on liquid surfaces. Thus, you need in-depth studies to answer

many questions, 1s 1t a physical or chemical process...

Therefore, until now, the mechanism of action of the active compounds on

the surfaces is not known precisely.
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2-4 Brief information about the active compounds on surfaces

As it 1s known that the active compounds on the surfaces are chemical
compounds. And the method of its introduction will depend on the surfaces

(liquids), and this 1s a physical property.

The active compounds on the surfaces are organic compounds, and they
are numerous and numerous, each according to the type of work or liquid you

are working on...ect ...

As for how it works, it 1s simply that it works on the interconnection with
each other to form a superficial abrasion on liquid surfaces. But how the
mechanism of 1ts work so far 1s not clear, and therefore it must be worked out 1n

the future to answer the following questions
1- What is the suitable mechanism for adsorption between boundary phases?

2- Active compounds on surfaces in tanks. How can these compounds that are

between the edges and the phases dissolve?

But in general, the active compounds on surfaces consist of two ends.
This shows a hydrophilic end called the head, and another non-hydrophilic end

called the tail, as shown in the following figure:

When it 1s inserted into liquid tanks, it is formed in the form shown (--)

2-5 Structural formulas of real hydrocarbons in gasoline, petroleum and its

derivatives

Through previous studies on diagnosing the types of real hydrocarbons

that evaporate from petroleum and its derivatives from the well to consumption,
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crore storage and transportation [57,55] [source of Marwan’s thesis] and they

are as follows:

oo
Cy=|H-CH
. H |
il
C2 = H-C—CH
. H H
c,o| mmmH
H-C-C-C
. HHH

@
2
|

o O o
H (|: (F (l”: (I:—H H—C—C—(I;'-H
H H H H H H
CH;
I
SRR
H H H H H
T T 1
H(iJC(ll(iJH
H H H
CH,

(A) —Fig. Isomers of petroleum and benzene vapor compounds
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(B)-1somers of (C1-C5) light hydrocarbons
Fig. Isomers of petroleum and benzene vapor compounds




Table (3-16) composition of gases (less than C4) soluble in petroleum,

hydrocarbons low in boiling point (less than C5)

% V aporizd % content of individual hydrocarbons
compound | (from oil)
Czl‘lﬁ CgHﬁ H—Cq_H]ﬂ I'I-C4Hm H-CSH]E H-C5 le
Less thanC, 3,50 1,2 1258 | 17,2 55,8 - -
Less thanCs 5,88 0,7 (154 10,2 45 2 13,4 27

3-6 How to Calculations:
A- Expressing Results (Calculations)

The index of "uncorrected saturated steam pressure " (P, kPa) 1s corrected
for changes 1n air pressure and saturated water vapor 1n the air chamber due to
the difference between the initial temperature and the temperature of the water

bath. The modification of rP 1s calculated by the formula:

273+t

AP =

- (PETH — R 35

Where P, 1s the atmospheric pressure at the test site, kPa.P; 1s the saturated
water vapor pressure at the inmitial air temperature, kPa. tis the mnitial air
temperature,”C.P 378 saturated water vapor pressure at 37.8 ° C, kPa. The

calculated correction values are listed 1n 0.1 kPa 1n Table (3-16)

( 3-17)The calculated correction values are listed in 0.1 kPa

Primary air Correction of atmospheric pressure

temperature®C 101,3/100,0/98,7 97.3/96,0/93,3190,7/88,0/85.3/82.7| 80,0
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Primary air Correction of atmospheric pressure

temperature®C|101,3/100,0(98,7 97,3 96,0 93,3 90,7 |88,0 85,3 82,7| 80,0

0 -20,01-199 - | - | - | - | - | - | - | - -17,1
19,7119,5]19,3|18,9|18,5(18,117,9]17,5

1 -196/-193| - | - | - | - | - | - | - | - -16,7
19,2/19,1|18,8/18,5(18,1/17,7|]17,5/17,1

2 -19,11-190 - | - | - | - | - | - | - | - -16,3
18,8/18,5/18,4/18,0/117,7|17,3|16,9 16,7

3 -18,7-184| - | - | - | - | - | - | - | - -15,9
18,3/18,1/18,0/117,6/17,3/16,9 /16,5 16,3

4 -18,11-180 - | - [ - | - [ - | - | - | - -16,6
17,7|117,617,5|17,2|16,8|16,5(16,1|15,9

3 17,7\-175) - | - | - | - | - | - | - | - -15,2
17,2117,2{17,1|16.7|16,4]16,1(15,7[15,5

6 -172-17,1) - | - | - | - | - | - | - | - -14.,8
16,916,8|16,7/16,3|16,0/15,715,3|15,1

7 -16,8/-16,7 - | - | - | - | - | - | - | - -144
16,4/16,3/16,1/15,915,6(15,2 (14,9 14,7

8 -16,3-16,1 - | - | - | - | - | - | - | - -14,0
16,0/15,9/15,7/15,5/15,1|14,8 /14,5 14,3

S -159(-15,7, - | - | - | - | - | - | - | - -13,6
15,5/15,3(15,2/14,9(14,7|14,4 14,1 |13,9

10 -153-152) - | - | - | - | - | - | - | - -13,2
15,1/14,9|14,8 14,5 |14,3/14,0/13,7|13,5

Jul -148-147) - | - | - | - | = | - | - | - -12,8
14,5|114,4|14,3(14,1|13,9|13,6|13,3|13,1




Primary air Correction of atmospheric pressure
temperature®C|101,3/100,0(98,7 97,3 96,0 93,3 90,7 |88,0 85,3 82,7| 80,0

12 -144-143 - | - | - | - | - | - | - | - -12,4
14,1114,0|13,9(13,6|13,3|13,2(12,9|12,7

13 -1391-13,7| - | - [ - | - | - |- ]| - | - -12,0
13,6(13,5|13,3(13,2|12,9]12,7 (12,4 12,3

14 -1331-13,2) - | - | - | - | - | - | - | - -11,6
13,2|13,1(12,9(12,7(12,5]12,3|12,0(11,9

15 -13,01-12,8| - | - | - | - | - | - | - | - =112
12,7(12,5(12,4(12,3(12,0|/11,9|11,6(11,3

16 -1241-123 - | - | - | - | - | - | - | - -10,8
12,1)12,1(12,0/111,7(11,6]11,3]11,2{10,9

17 -1190-11,7) - | - | - | - | = | - | - | - -104
11,7|11,6|11,5|11,3|11,1|10,9 (10,8 10,5

18 -1130-113) - | - | - | - | = | - | - | - -9,9
11,2|11,1{11,1{10,8(10,7|10,5|10,3 (10,1

19 -1091-108| - | - [ - [ - [ - | - |/99|-97| -95
10,7/10,7/10,5/10,4/10,1 10,0

20 -1041-103| - | - | - [-99(-9,7|-9,6(-9,3|-9,2| -9,1
10,3/10,1|10,0

21 99 |-9,7 1-9,7(-9,6(-9,5|-9,3(-9,2|-9,1 |-8,9(-8,8| -8,7

22 -9,3 19,2 -92/-9,1/-9,1 -8,8|-8,8|-8,7|-8,4|-8,3 | -8,1

23 -8,8 | -8,8 |-8,7|-8,7 -8,5-8,4|-8,3 -8,1|-8,0(-7,9| -7.7

24 -8,3 | -8,3 |-8,1|-8,1(-8,0/-7,9-7,7|-7,6 -71,5|-7,3| -7,3

25 -1,7\-1,7|-16|-1,6|-1,5|-7,3 |-7,3|-7,2|-7,1|-6,9| -6,8

26 -1,2 | -1,2 |-7,1|-7,1|-6,9|-6,9 |-6,8 |-6,7 |-6,5 |-6,4| -6,4




Primary air Correction of atmospheric pressure

temperature®C|101,3/100,0/98,7 97,3/96,0 (93,3 (90,7 |88,0 85,3 /82,7 80,0
27 -6,7 | -6,7 |-6,5|-6,5-6,4 -6,4 -6,3 -6,1 |-6,1 |-6,0| -5,9
28 -6,1 | -6,0 |-6,0(-6,0|-5,9-5,9 |-5,7|-5,6|-5,6 |-5,7| -5,3
29 -5,6 | -5,5 |-5,5|-5,5|-5,3|-5,3|-5,2|-5,2|-5,1|-4,9| -49
30 -49 |-49 -49|-48 -48 -48 -4,7-45|-45|-44| -44
31 44 | -44 -43|-43-43 -4,1 -4,1-40/-40/-40| -4,0
32 -3,7 | -3,7 |-3,7|-3,7|-3,7|-3,6 |-3,6 |-3,5|-3,5|-3,5| -3,3
33 -3,2(-3,2 |-3,2|-3,1|-3,1|-3,1|-3,1|-2,9(-2,9|-2,9| -2,8
34 2,5 (-2,51-2,5(-2,5|-2,5|-2,4|-24|-24|-24|-23| -2,3
35 -2,01{-2,0 -2,0|-2,0/-1,9/-19|-1,9|-19|-1,9|-1,7| -1,7
36 -1,3|-1,3 |-1,3|-1,3|-1,3|-1,2|-1,2|-1,2|-1,2|-1,2| -1,2
37 -0,7 | -0,7 |-0,7 |-0,7 -0,7 -0,7 |-0,7 -0,7 |-0,7 |-0,7| -0,5
38 0 O (00O |O0O(O0O|O0|0]|O 0
39 +0,7 | 40,7 (+0,7+0,7+0,7+0,7 +0,7 (+0,7 +0,7+0,7( +0,7
40 +1,3 | 41,3 (F1,3%1, 313+, 51,51+, 3H+1,3+1.21 +1,2

The procedure for using the GSO i1s determined in the status criteria

certificate for saturated vapor pressure. If the difference between the result

obtained when the GSO test and the supported property overrides the absolute

error contained 1n the GSO certificate, and to calculate the correction factor, we

calculate the correction factorusing the formula:

K =

A

[y

X

L

>

Where A, 1s the symbol attribute of the standard sample, kPa.

Xco. - Standard test sample result, kPa.



To calculate the saturated steam pressure of the test result is multiplied by the

correction factor.

3-7 Treatment of experimental results and determination of the accuracy of
the research method

In accordance with the requirements of GOST 1756-2000,the permissible
differences in the parallel determination of saturated vapor pressure should not
exceed £2.1 Kpa from the arithmetic mean of the comparison results.If the
variance in the parallel selections exceeds + 2.1 kPa from the arithmetic mean
of the comparative results, we will make another determination and take into
account the values of those two conditions that satisfy the condition indicated,

and a new definition is implemented.

Example of calculating: The unsaturated saturated vapor pressure in the center
of the sample (benzene), depending on the concentration (8 mg / kg K FFA) in
test 1 1s equal 45.5 kPa.

The 1nitial air temperature 1s t = 21 ° C.

Atmospheric pressure - Pascal = 1 bar = 100 kPa.

In Table (3-14)we find P = - 9.7 kPa.

Thus, the steam pressure saturated with test fuel 1s 45.5 - 9.7 = 35.8 kPa. The
unsaturated saturated vapor pressure at the center of the sample (benzene),
depending on the concentration (8 mg / kg FFA) 1n test 1 1s equal 46.9 kPa. The
remaining values are the same.

The saturated saturated vapor pressure 1s 46.9 - 9.7 = 37.2 kPa. The arithmetic
mean of the two definitions is 36.5 kPa. Variance in parallel settings is -1.4 kPa

and does not exceed 7 kPa.



Chapter Three

practical part

3-Flow chart the path of searches:
A series of practical experiments have been conducted to reduce the steam pressure of

gasoline and crude oil by using organic compounds prepared with different percentages of the

mixture with high surface efficiency added with crude oil and gasoline. Fig.(2-1)flow chart

illustrates the path of the searches

Characterization Characterization

£ SAS FT-IR
A Of SAS 'H-NMR

And C.H.N

Crude oil from Doraa-
refirnery

Gasoline from al bayaa
station

Steam-Saturated pressure
measurement when comp. is
added both crude oil and gasoline

Determine the optimal concentration for
bhoth erude oil and gasoline

Fig. (2-1)Flow chart of path for project
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3-1chemical materials used

The chemical materials listed 1n table ( 2-1) are used

Table (2-1) chemical materials used

No Materials purity Company

1 EDTA - -

2 BTM

3

4 Crude oil -- Equipped
from Doraa-
referniry

5 Gasoline -- Equipped
from
al Bayaa
station

6 Potassium 99.9% Flukan

carbonate
3-2 Instruments and Apparatuses used
Table(2-2) Instruments and Apparatus used

No Apparatus company Made

1 Thermometer | Duran Germany

2 Sensitive Sartirius/AG | Germany

CamS




balance Gottin gen
3 Thermostic Germany Germany
water bath Industrial
corp.
4 Saturated Made by hand
steam pressure | -------
measuring
device
5 F-TIR Shimadzu Japan
6 C.H.N EUROA Italy

Table(2-3) some general characteristics of crude oil from Dora

refinery[40,41].
Test Result
API Gravity 15.6°C 32.1
SP.Gravity 15.6°C/15.6°C 0.8649
Density 15°C 0.8645
Sulfur content Wt.% 2.81
Kin.Viscosity Cst.
10°C 22.1
21.1°C 12.75
37.8°C 8.03
50.0°C 6.7
Pour point’C Below-30
R.V.P Kg/cm’ 0.41
Water&Sediment Vol.% 0.1




Salt content Wt.% 0.0009
Ram.Carbon residue Wt.% 5.0
Asphaltenes content wt.% 1.93
Ash Content Wt.% 0.0110
Vanadium PPM 4991
Nickel PPM 17.97
KUOP Characterization Factor | 11.9

3-3 Experimental methods
3-3-1 synthesis of surface effective compound

Synthesis of the organic compound:

(1) mole of 2,2 ", 2', 2 " - (ethane-1,2-diylbis (azanetriyl)) tetraacetic acid
(EDTA) was placed in a two-necked flask and dissolved (20) mL. Distilled
water. Then, a solution (consisting of (4) moles of 2,6-di-tert-butyl-4-
methylphenol (TBM) dissolved 1n (50) mL water) was added to the beaker
gradually with constant stirring until the addition was completed. Then,
gradually and also, with caution, (10) ml of concentrated sulfuric acid was
added. We placed the beaker in a (55 ° C) water bath with (Reflex way) for 45
minutes. Then the content of the previous beaker was poured into another

beaker placed in an ice bath, and with stirring we noticed the appearance of a
yellow green precipitate of product (91% ). After that, the sediment was left in
the laboratory atmosphere to dry for three days, from which the product was
physically and chemically diagnosed. As shown below.

The general properties of the resulting compound are:The general formula
of the compound (C;0H;04N,Oyg), its molecular weight (1101.61), the color of the
product (yellowish green), and the proportions of the quantitative analytical
measurement of the elements calculated theoretically and (practically) are as
follows: Elemental Analysis: C, 76.32 (75.44); H, 9.52 (8.78); N, 2.54 (2.11)

and the proportion of the product was (Yield = 91%).




3-4 Steam pressure measurement

The saturated vapor pressure is determined according to Reid according to

GOST 1756-2000. The device design appears to look in Figure(2-2)for samples

with vapor pressure less than 180 kPa, a single-chamber fluid chamber (Fig. 2-

3) 1s used.

h

Fig.(2-2) steam pressure measuring

Fig.(2-3)single-chamber device fluid chamber and Air chamber

25413

@512
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Single-Chamber fluid chamber and Air chamber

| - The inner diameter connects 13 mm
2 - Air vent
3 - Connect the inner diameter 5 mm

4 - Connecting the external diameter 13 mm pressure

3-5 Measuring the steam saturated pressure and determining the optimum
concentration [10]

For benzene: Concentrations of the previously synthesized compound (0, 0.5,
1, 1.5, 2, 2.5, 3 mg / kg) were taken against benzene. At first, a quantity of
benzene was taken and put (taken from one of the Iraqi filling stations, an
unimproved type) and a vial was filled from a saturated pressure device and
placed in the refrigerator for half an hour, after which the flask was attached to a
steam saturated cap device and placed in a water bath at a temperature of 20 °
C. The meter reading was determined until installed (a meter connected to a
steam-saturated pressure gauge). Then the concentration of 0.5 mg was taken
and put in the same amount of benzene with new gasoline, then the vial
(containing the compound and the benzene) was placed in the refrigerator for
half an hour, and then it was connected with the device and was placed in a
water bath at 20 ° C, and after that until the meter was installed, 1t was read.
Thus, for the rest of the concentrations until the ideal concentration 1s obtained
for the lowest value, the steam saturated pressure i1s determined. Table (1) is

noted. I repeated the same previous process, but only by changing the
temperature of the water bath (37 and 50 ° C). Table (1).

For oil: the same previous process for gasoline, the experiment was repeated,
but here using oil (petroleum) (which was obtained from modern refinery
tanks). It was found that the optimal concentration for all different temperatures
is (1.5 mg / kg) against oil. Table (2).

Through the values that were set by the steam saturated pressure
determining device, the values were corrected according to the correction tables
as indicated 1n the source [17] taking into account all the conditions surrounding
the reaction or during the measurement.

o
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Table 1. Determines the pressure saturated with benzene vapor versus the

concentrations of the active compound on the surface at different temperatures

The surface effective | The pressure saturated with
compound gasoline vapor kPa at a
concentration is mg / | temperature

kg 20 B ) C'50
0 80 80.1 80.5
0,5 60 71 74

1 33.6 29.2 26
1.5 5 7.4 8

2 44 48 28
2.5 62 69 37

3 66 69 b |

The optimal concentration of the o1l was determined at a temperature of

(20. 37, SO)HC,respectively, for different concentrations (0, 0.5, 1, 1.5, 2, 2.5, 3
mg / kg) of the synthesized compound and the saturated pressure was measured

for each concentration, respectively. And through the measurement, it was

found that the optimal concentration 1s (1.5 mg / kg).

Table 2.Determines the pressure saturated with oil vapor versus the

concentrations of the active compound on the surface with different

temperatures

The surface
effective compound

The pressure saturated with gasoline vapor
kPa at a temperature

concentration is mg | C°20 {37 C50
0 76 70.D 1T
0,5 76 66 66

1 18 22 19
1.5 9.7 11 111
2 35 42 37
2.5 47 48 39

3 32 57 49




Chapter Four
4: Discussion and results

In this research, a new organic compound was synthesized, which
was used for the first time as an effective compound on liquid surfaces.
This 1s from the reaction of a 4: 1 number of moles to both (EDTA) and
(TBM), respectively, the compound (tetrakis (2,6-di-tert-butyl-4-
methylphenyl) 2,2 °, 2", 2" | " - (ethane-1,2-d1ylbis (azanetriyl)
tetraacetate) was produced respectively. And as shown in the following
reaction mechanism.Scheme (1):

The synthetic formulation of the compound was also confirmed by
diagnosing the resulting compound with FT.IR spectrum., 'H.NMR,
"'C.NMR, D.NMR and CHN gave the spectroscopic values
corresponding to the structural formula of the resulting compound as
follows: Tab.(3, 4. and 5).

o c° @
Os_-OH Ox-CH KA
T O~H o \]\\, ".
k.~ —_—
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HO P ~on © O% “OH
O O
<)
'S =
O _-OH N = o ¢ &
T @?_H GT (kc;ﬁﬁ
I N
HO HO ;\H
O OH O OH
O
-H20 2
4
O
O~ OH l),l—’*:'
T i
N ;L\ In the same method, we use_ O -© H‘I—D
HO o OH % moles of alcohol to 1 mole T
of carboxylic acid. will yield Hf""'*v"'H




Scheme 1.Mechanism of preparing the organic compound

The FT.IR spectrum gave a stretch beam (1641 cm’) belonging to
the group C = O, a spectral beam at the site (1232 cm™) belonging to the
group C-0O, and a beam (1283 cm™') belonging to group -O- and a folding
beam (3469 cm’') It belongs to the NC group, and a beam at the site
(2252 cm™) belongs to the group N (C); and a spectral beam (1596, 1557
cm']) belongs to the C = C aromatic and an 1n situ beam (3090 cm'l)
belongs to the C-C aromatic group and a beam stretch package (2551cm’
") belongs to the —C-C group, and bundle (832, 755, 660 cm™) belongs to
the aromatic CH, the stretch package (1327 cm’) belongs to group
(CH3)3, and the stretch package (2979 cm’) belongs to for the C-

Haliphatic group. Figure 1. Tab. 3.

The 'H.NMR spectrum gave an in situ beam (2.50 ppm) belonging
to the CH group back to the late C (CH;3); environment, an 1n situ beam
(3.21 ppm) belonging to the CH group for the ph-CHj; environment and a
binary beam 1n situ (4.64-4.83 ppm). It belongs to the CH group, which
we return to the N-CH,-CH; environment, and the in situ package (7.31-
7.11 ppm) belongs to the CH group which returns to the N-CH,
environment and the 1n situ package (8.59 ppm) belongs to the CH group
which we return to the ph aromatic environment. Figure 2. Tab. 4.

Give the'’C NMR spectrum to the compound: an in situ beam
(23.96 ppm) belonging to the ph-C group carbon, an in situ beam (32.80
ppm) belonging to the ph-C group (C) 3 carbon and an 1n situ beam
(43.53 ppm) belonging to a group - ph-C-O, on-site package (49.20 ppm)
belonging to NC group, on-site package (56.17 ppm) belonging to NC3
group, and in-site package ((119.43), (130.41), (148.10), (149.56) ppm)
belong to Carbon The C=C aromatic group and the 1n situ bundle (161.66
ppm) belong to the C =0 carbonyl group O. Figure 3. Tab. 5.

Also, the D.NMR spectrum gave identical positioning of the
beams, converging to each other, the spectrum of 'H.NMR with "C.NMR,
which is identical to the proposed structural formula as well as the C.H.N
spectrum: as shown in Fig.(¢) .




Table 3. Spectrum FT.IR for synthesized compound.

Faction group/ beam cm’

N C;/2252cm”  C=C arom./1596, 1557 -O-/1283 cm’ C-0/1232 cm’
cm'l
(CH;)y/1327 cm  C-C arom./ 3090 cm CH /2979 cm’ C-C /2551cm™

C=0/1641 cm™ CH arom. /832, 755,660 N-C /3469 cm’

1
cm

Table 4. Spectrum 'H.NMR for synthesized compound.

Proton 'H / beam ppm

N-CH,-CH,/4.64-4.83 ph-CH;/3.21 ppm  C(CH:):/3.21 ppm CH Aro. /8.59
ppm ppm

N-CH,/7.31-7.11 ppm

Table 5. Spectrum "*C.NMR for synthesized compound.

Carbon "°C/ beam ppm

N -C/49.20 ppm  ph-C-O /43.53 ppm C(CH;3)3/32.80
ppm

N(C);/56.17 ppm  C=C arom. /((119.43), (130.41), (148.10), (149.56) ppm
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Figure 1.FT.IR spectrum of the prepared compound.
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Figure 2.H.NMR spectrum of the prepared compound.
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Figure 4.D.NMR spectrum of theprepared compound.
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The synthetic compound test for reducing the evaporation ratios of
gasoline and oil

Different concentrations of mg / kg were taken not to determine
the optimal concentration versus measuring the steam saturated pressure
of gasoline.So that the concentrations of the synthesized compound (0, 1.
1.5, 2, 2.5, 3 mg/kg) were taken against benzene and using different
temperatures (20, 37, 50 degrees Celsius). The optimal concentration was

determined to be (1.5 g / kg of the synthesized compound versus
benzene). (Table (1) and Figures (5-7)).

Steam saturated pressure kP

The concentration of the com

Figure 5. The pressure saturated with gasoline vapor versus the
concentrations of the compound prepared at a temperature of 20 °

Steam saturated pressure kPa

The concentration of t undis mg/ kg

C.Figure 6. The pressure saturated with gasoline vapor versus the
concentrations of the compound prepared at a temperature of 37 ° C.
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Steam saturated pressure kPa

The concentration of the compound is mg / kg

Figure 7. The pressure saturated with gasoline vapor versus the
concentrations of the compound prepared at a temperature of 50 °

The reason that led to the reduction of the evaporation ratios,
which gave percentages of the prepared compound versus the gasoline
(95, 92.5, 91.5%) for the temperature degrees (20, 37, 50 Y
respectively, is the high effectiveness of the compound in making the
surface tension of the benzene liquid restricted preventing from Light

hydrocarbon fragmentation.

In the same way, the optimal concentration of the synthesized
compound was determined against the measurement of the steam
saturated pressure of the oil, so that the concentrations of the synthesis
compound (0, 1.1, 1.5, 2, 2.5, 3 mg / kg) were taken against the o1l and
using different temperatures (20, 37, 50 ° C) The optimal concentration

was determined (1.5 g / kg of the prepared compound versus the oil),

(Table (2) and Figures (8-10)).

CamS




Steam saturated pressure kPa

The concentration of the compound is mg / kg

C.Figure 8. The pressure saturated with oil vapor versus the
concentrations of the compound prepared at a temperature of 20 ° C.

Steam saturated pressure kPa

The concentration of the compound is mg / kg

Figure 9. The pressure saturated with oil vapor versus the concentrations
of the compound prepared at a temperature of 37 ° C.

Steam saturated pressure kPa

The concentration of the compound is mg /kg

Figure 10. The pressure saturated with oil vapor versus the
concentrations of the compound prepared at a temperature of 50 ° C.

F K
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The evaporation ratios were reduced, which gave percentages of

the prepared compound versus the oil (87.2, 86.0, 85.6%) to the

temperature degrees (20, 37, 50 C°) respectively. It is the high

effectiveness of the compound in making the surface tension of the oil
liquid restricted, preventing light hydrocarbons from escaping.

As for the reason for the equal optimum concentration, for oil and

gasoline. For the compound created when the saturated pressure of

gasoline and o1l 1s determined, all hydrocarbons that always evaporate are
light hydrocarbons (C;-C¢) themselves escaping from gasoline and oil.




Accounts

1- This method is the first of its kind. It can be used for oil and
gasoline tanks 1n Iraq and all over the world without any
mechanical additions to old and modern tanks.

2- The compound can be used by reducing the evaporation rates in
very excellent quantities for gasoline and oil tanks and petroleum
products. Due to the quantities used are mg per kg (ppm).

3- The raw materials used in the synthesis of the compound are (TBM
and ETDA) which are materials originally extracted from
petroleum. So it does not affect the properties of gasoline and oil.

4- The prepared compound does not harm human health. Because the
used materials are now used in the preparation of bathroom soap.

5- The use of these compounds is very common because they are
handy and cheap.

6- The use of this compound will significantly and significantly
reduce environmental pollution, in addition to recovering the
quantities of evaporated oil estimated in millions of tons and
dollars.

Recommendations

We recommend using this compound to preserve the environment
and live 1in a healthy environment, as well as to keep oil and gasoline
products from deterioration through evaporation processes.
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