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Hi friends, now we will discuss on the topic characteristics of crude oil and petroleum products.
In the last class, we have discussed on petroleum, we have seen that what petroleum is? How it
is produced? And how did how it is different from crude oil? And we have also seen some
types of this and some issues for its utilisation. In this class we will discuss on the
characteristics of petroleum both crude as well as its different products.
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So, content is, crude oil properties, then impurities in crude oil and methods for estimation, how
we will estimate that we will also cover in this class. Now we will see the properties of
petroleum, so, petroleum has some properties which are interesting for us as we are dealing
with its utilisations as energy feedstock. Like coal it also has some properties. But unlike coal,
this petroleum is mostly use to produce transportation fuel.
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Basic Properties Properties of petroleum

+ Density & API gravity + Octane number  impurites

* REID vapour pressure + Cetane number

* Pour point « Diesel index " Water content

* “emmsly * Smoke point * Salt content

* Wax content * Heatingvalues S & W (Basic sediment
+ Asphaltenes * Flash point and water)

+ Carbon Residue *  Sulphur content

+ Ash content * Nitrogen content

* Distillation characteristics (D86 or D285) * Inorganic and total acid

. = Trace metals
+ Base of crude oil

+ Carbon and Hydrogen ratio
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So, the properties which are most important are density and API gravity, REID vapour pressure,

Pour point, viscosity, flash point, cloud point, wax content, asphaltenes contents, carbon
residue, ash content, distillation characteristics, distillation characteristics is important for this,
because, if for a pure compound we get a specific boiling point. But petroleum is a mixture of

compounds; large numbers of organic compounds, hydrocarbons are present in it.

So, each will be having different boiling points. So, when it is going for distillation so, then
different components will be vaporised at different temperature. So, we will not get a specific
temperature for this petroleum crude as a boiling point so, we will be having some initial

boiling point and one will be end boiling point for a particular part or particular sample.

Then we have base of crude oil, that is also one important parameters and then carbon and
hydrogen ratio and octane number, cetane number, diesel index, smoke point and flash point are
also related with the application point of view for some petroleum crude, petroleum products
like for example smoke point is used for kerosene. Octane number is used for gasoline and
cetane number is used for diesel. And over all heating values is very, very important as we are

dealing with the energy from the feedstock and different types of impurities are also present.

The one is water content, then salt content, then basic sediment and water, sulphur, nitrogen,
inorganic acid and trace metals. So these are the different properties of the crude oil. And we
will discuss the importance of these and how to measure these properties.
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Density is used for Density & API

Used in various correlations s
Also gives a rough indication of type of crude oil Natural Gasoline =75 AP!

Examples:
+ Weight to volume or vice versa calculations Water = 10 API
+ Checking the consistency of crude supply Kerosene = 45 AP|
+ Control of refinery operations Motor Gasoline = 58 API

Mass (M)
Density = e
Volume (V)
M/
Sp. Gravity g 0 e
M'/V'" (Water)
1415
API Gravity e —— ~1315

Sp. Gr at 60/60 °F

First we will see density and degree API or API gravity. As you know density is nothing but
mass by volume (Density = M/V) of any substance and specific gravity is also used M by V
divided by M dash by V dash (Specific gravity = (M/V)/(M’/V’)) that means with respect to
water, so, it is the density of any material and density of water at 4 degrees centigrade that is
specific gravity. So, similar way API gravity has been defined by American Petroleum Institute
that is API Gravity = (141.5/specific gravity at 60 degree Fahrenheit) -131.5. So, this is the

definition of API gravity as for American Petroleum Institute.

And this is used to clearly understand the difference between fractions of petroleum crude. For
one example, if say, if we consider the water then specific gravity, API gravity will be 141.5 —
131.5, almost 10. But if it is lower; it is lighter than water then specific gravity will be less, so,
this minus this will be more than 10. So, for kerosene, we get 45 API, for moter gasoline, we
can get 58 API and for natural gasoline we can get 75 API. So, higher the API, lighter the
fractions of the product we are considering.

(Refer Slide Time: 05:51)
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API gravity _“ it 403
430

Sobashan 33.99 0.8549
N. Gujarat 33.85 0.8553 44,0
Geliki 31.50 0.8675 545
Density Nahorkatiya 3130 0.8688 60.9
and API Kuwait IF IR, Oman 31.10 0.8698 470
gravity Of Kalol 36.55 0.8414 470
Rumaila 35.90 0.8448 55.7
Aome Ratna 35.20 0.8484 51.0
crude Rostam 35.00 0.8495 597
samples  gagran 340 08527 525
Narimanam 47.08 0.7920 79.6
Ankleshwar 46.85 0.7930 782
Jotana 41.80 0.8161 52,0
Bombay High 3935 0.8278 65.4
Heera 36.62 0.8412 60.6
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Now, we will see some example of density and API and total distillate upto 370 degrees

centigrade. So, these are the source of different crude, so, if we see the maximum API is here,
say 47.08. So here we see maximum distillate. So, more the API lighter, more will be the
lighter that is why more the value of, here of the distillate product operate at 370 degree
centigrade.

(Refer Slide Time: 06:31)

REID Vapour Pressure & Light End composition

RVP indicates relative percentage of gaseous and lighter hydrocarbons in crude oil
Typical light end composition

Component RVP, Kg/cm? Component % WT on Crude
Propane 14.1 Kg/em? 1 ND
Butane 6.6 Kg/cm? Q2 Traces
Crude Oil 0.01-0.05 Kg/cm? (] 0.1
* Itis defined as the absolute vapour pressure exerted 150-C 0.1
by a liquid (and any dissolved gases/moisture) at 37.8 n-C 03
°Cas determined by the test method ASTM-D-323,  150-C, 03
which was first developed in 1930 n-Cs 0.5

* Light end analysis carried out by GLC actually gives
the percentage of hydrocarbons upto C; and is the Total
basis of assessing the LPG potential of crude e e
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And another properties REID vapour pressure, so REID vapour pressure that is the indicative or

what are the extent of volatiles present in the crude. So, it is determined under specific a
condition that is 37.8 degrees centigrade and as for ASTM-D-323 this method it is measured.
So, more the vapour pressure more will be the lighter fractions in the crude. If we take some
example, say in petroleum crude we get C» to Cg or more than that. So, C1 is very less in this
case, so, Cy, Cz, Cs, Cs, n-Cs these fractions produces the LPG.



So, how much LPG we can get from that crude that we indicated by the REID vapour pressure.
So, these vapour pressure if we consider for propane it is 14.1 kg per centimetre square, butane
it is 6.6 kg per centimetre square whereas for crude oil it is 0.01 to 0.05 kg per centimetre
square. Another property is pour point and ash content. So, pour point indicates the solubility of
this that means, it is that temperature at which the fuel ceases its flow.

(Refer Slide Time: 08:03)
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Pour point and wax content

Pour Point

* s the temperature below which pumping and transportation problems may be
encountered

* Indicates relative amount of wax present in crude oil

+ Alongwith viscosity, is used in pumping and design calculations

Wax Content

*Normal Paraffins above C,; are solid at somewhat ambient temperatures.

+ These hydrocarbons effect the flow behaviour of crude, product quality of gas oil ,
vacuum gas oil (VGO) and asphalt

* Lube manufacture is also dependent on wax content of the crude

Engler holde method for wax content (based on solvent extraction)

Two parts of absolute alcohol and one part of absolute ether is used as the solvent,

from which paraffin wax is precipitated on cooling to -20°C
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So, it is related with the wax content also, more wax, more easy to get, to cease the flow of it
and it alongside the viscosity this is also used for pumping design and then wax content as you
know that paraffins of having carbon more than 16 is solid. So, this solidified paraffins are
considered as the wax in it and this is determined by Engler holde method and under this

method is based on the solvent extraction method.

So, as shown here, the two solvents that is absolute ether and absolute alcohol solvent system is
used. And then paraffin wax is precipitated at -20 degree centigrade. So, this is a method of
determination of the wax. Now, we will see asphaltenes, carbon residue and ash content. They
are also important parameter of the crude oil, asphaltenes basically is related with the residual
part, more the asphaltene we will be having more vacuum residue.

(Refer Slide Time: 09:11)
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Asphaltenes, Carbon Residue & Ash Content

Asphaltenes
*  Are Polynuclear condensed aromatic Hydrocarbons having high molecular
weight™

+  These are insoluble in Heptane and soluble in Benzene / Toluene

*  Asphaltenes and carbon residue indicate the extent to which heavy
hydrocarbons are present in crude oil

Carbon content
Carbonaceous residue formed after evaporation and pyrolysis of the sample
The residue is a coke . Determined as Conradson carbon residue .

Ash Content
. Metallic constituents concentrate in the ash of the crude oil
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And this is nothing but the poly nuclear condensed aromatic compounds and its solubility is

also different in different solvents, and we can take advantage of it for its determination where
it is insoluble in heptane and soluble in benzene/toluene solvent. Next is your carbon residue,
so, carbon residue it is a carbonaceous material. So, it is if we evaporate it and finalise it at
specific conditions, then it will be remaining some residue so that residue is called carbon

And conradson method is used and ash content we can measure from the proximate analysis
and just like coal here also ash content is related to mineral matters present in it. Metals which

are present that also contribute to ash and you can convert the ash into dry basis and wet basis

also as provided here.
(Refer Slide Time: 10:03)

Determination of ash and CCR

oo MAsh
% Ash (Dry Basis = M x 100
Ash: Proximate analysis method is used for the -~ ory

determination of ash My
p % Ash (Wet Basis = —— X 100)

Wet

where M., refers to the mass of the ash generated from the sample, and M., and M...refer
to the original masses of the dried and wet samples.

CCR: A quantity of sample 1s weighed, placed in a crucible, and subjected to destructive
distillation. During a fixed period of severe heating, the residue undergoes cracking and coking
reactions . At the termination of the heating period, the crucible containing the carbonaceous
residue is cooled in a desiccator and weighed. The residue remaining is calculated as a
percentage of the original sample, and reported as Conradson carbon residue
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And Conradson carbon residue we can determine under specific condition we will take the
weight certain amount of material, we place it in a crucible and subject to destructive
distillation during a fixed period by some severe heating, after that we will collect the residue
and how much is left that is considered as Conradson carbon ratio and is expressed in terms of

percentage with the original sample.

Salt content is also one parameter of the crude oil. So, when the crude oil is taken out from the
underground, then it forms it contains different type of material including water and salt.

(Refer Slide Time: 10:59)
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Salt content

* Mainly chlorides and sulphates of Na, K, Ca and Mg (present as crystallized and
suspended solids or dissolved in emulsified water)
¢ ltresults
-Irregular behavior in distillation
-Equipment corrosion during atmospheric distillation due to HCl formation
-Blocking and fouling of heat exchanger Stabilized emulsion . v 1ta
-Residual product contamination

Salts may vary widely in ratio of metal ions, Resi
though common averages are

Na70-75%, Mg 15-20%, Ca 10%

Mg is most prolific producer of HCl with Ca & Na
in descending order

Small quantities of HCl substantially enhance
corrosion of sulphur compounds Asphaltenes

Alkyl
penzene

Brine

Carboxyhlateg droplet

Waxy
agglomerates

naphthenates
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These salts are basically sodium, potassium, calcium and magnisium chloride and the salt can
be present as crystallised solid or maybe dissolved in water, which water can form an emulsion
with the organic phase in the oil in the crude oil. As shown here so one Brine droplets, salt in
water Brine droplet, so this droplet size is maintained by the formation of a layer and resins,
asphaltenes, waxy agglomerates, carboxyhlates and naphthenates or alkyl benezene all those

things helps to get the stability of this brine droplet.

And some brines may also b, some salts may also be available in terms of particulates, so or
solid particles. So, this is a salt and this salt if present in crude that will create lot of problem
and above certain limit it is not desirable in the refinery, it will create pollution, it will give the
irregular behaviour in distillation, it will be fouling the heat exchanger and it will also cause

equipment corrosion.



So, these are the disadvantage of the salt and if we think about different type of salts, mostly
sodium is used at 70 to 75% typically, magnesium at 15 to 20%, calcium is around 10% and
magnesium salt mostly gives a HCL so, that is corrosive in nature.

(Refer Slide Time: 12:44)
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Determination of Salt Content

(1) IP77/72:  Extraction with water
KCNS/AgNO, Tltratiop/_;

(2)  ASTM D3230: Conductivity mea;lrxvrements based on
calibration with Na, Ca, Mg chlorides

standard solutions in mixed alcohol

Metals :

- Main metals in Crude oil are - Lead, Nickel, Vanadium & Copper.

=~ Present in very small quantity (ppm level), in Crude and gets distributed
in various products.

- Poison to catalysts even in very small amount.
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Then for the determination of this salt, some methods are available, that is here, silver nitrate
and KCNS method by titration or by conductivity measurement based on the standard sodium
calcium and magnesium chlorides and standard solutions in mixed alcohol. So, these are
methods which are used for its determination. Then metals which are available metals, which

are available in crude oils, are mainly lead, nickel, vanadium and copper.

So, it will also contribute on ash when it will be burn then soot will be formed and particulates
will be formed and it poisons the catalyst. So, the lesser the metals more we will get the quality
of the crude or of the derived product from it.

(Refer Slide Time: 13:41)
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Sediment and Water

*  Sediment has no relationship with salt but both might increase with
contaminated water

. Sediment - Fine particles of sand clay, volcanic ash, drilling must, rust iron
sulphide, metals and scale

*  Damaging Effects - Plugging abrasion, and residual product contamination
+  Water causes irregular behaviour in distillation

Sediment in Crude Qil
BS & W (Base sediment and water) ASTM D 96

Sediment by Extraction ASTM D 4007
Water Content Dean & Stark
ASTM D 4006
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Now, this can be measured by using atomic absorption spectroscopy and another property

sediment and water. So, as | told that, when crude oil is taking out, then it contains salt,
different types of sediments which are basically sand clay, volcanic ash, drilling must, rust iron
and sulphide and metals and different types of scales. So, these contributes the sediment and
water is already available in the crude oil.

So, the presence of these affects the process of refining and it damages that is the plugging
abrasion and residual product contamination. So, these are the important effect of these
contaminants on the crude oil. And water causes irregular behaviour in the distillation and for
the measurement of this there are a number of methods that is Base sediment and water
measurement is ASTM D 96, Sediment by extraction is ASTM D 4007 and Water content Dean
and Stark or ASTM D 4006 methods.

Now we will be discussing some property of the refined products that is your octane number.
Octane number is the property of the gasoline and it is related with the knocking property of it.
Now what is the resistance of a motor fuel to knock, this indicates.

(Refer Slide Time: 15:15)
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Octane no.

The octane number is a value used to indicate the resistance of a_motor fuel to
knock. Octane number is also known as octane rating. Octane numbers are based
on a scale on which isooctane is 100 (minimal knock) and heptane is 0 (bad knock).
The higher the octane number, the more compression required for fuel ignition.

It may be determined as research octane no. and motor Octane no.

The most common type of octane rating worldwide is the Research Octane
Number (RON). RON is determined by running the fuel in a test engine with a variable
compression ratio under controlled conditions, and comparing the results with those
for mixtures of iso-octane and n-heptane.

Motor Octane Number (MON), is determined at 900 rpm engine speed instead of the
600 rpm for RON

Anti-Knock Index (AKI) some time called as Posted Octane Number (PON) = (R+M)/2
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So, more the octane number more the quality of the gasoline and this is also called octane rating

and octane number are based on a scale on which the isoocatane is 100 and heptane is 0. So if
we have a fuel, which burns in the similar way, which are having the similar knocking property
with a blend of isooctane and heptanes in that blend, what is the percentage of isooctane that
will be the octane number of this fuel.

And for the determination of octane number, some standard machine is used in laboratory. So,
in that case, what number octane number we get that is called research octane number and it is
determined by running the fuel in a test engine with a variable compression ratio under control
condition and the comparing the results with those for mixture of isooctane and n-heptane as it
to what is the percentage of isooctane in this mixture, that will be the having the similar

knocking barrier that will be the octane number.

So, that is called your research octane number and when the vehicle will be on road with actual
loading, then it will be consuming some amount of more energy so motor octane number is also
used in this case higher RPM is used a whereas that is equal to 900 RPM, but for RON it is 600
RPM. Another property that is Anti knock index is also used in some country to get the

knocking behaviour of the gasoline.

And this is defined by R+M by 2, research octane number plus motor octane number divided by
2 then we come to cetane number. So, cetane number is the property of diesel.
(Refer Slide Time: 17:20)



* Cetane Number A relative measure of the interval between the beginning of
injection and auto ignition of the fuel. The higher the cetane number, the shorter
the delay interval and the greater its combustibility.

* Cetane number of  cetane (n-CygH,,) = 100;
1-methylnaphthalene = 0;
isocetane = 15

+ Cetane number is measured by burning the fuel in a Cooperative Fuel Research
(CFR) engine, under standard test conditions. A hand-wheel is used to increase
the compression ratio (and therefore the peak pressure within the cylinder) of the
engine until the time between fuel injection and ignition is 2.407ms.

* The resulting cetane number is then calculated by determining which mixture of
cetane (hexadecane) and isocetane (2,2,4,4,6,8,8-heptamethylnonane) will result
in the same ignition delay.

@ o
So, it is a relative measure of the interval between the beginning of injection and auto ignition.
So, how much time it is late that is the indication of the cetane number and again like octane
number there are two compounds here the cetane which is having 100 and 100 number and then
for one methylnaphthalene it is zero. And isocetane is also 15 so 0 and 100 will be blending
with different ratio and used in the specified machine and you will get the delay period and then

that will be and the percentage of cetane will be the cetane number.

So, catane number is measured by burning the fuel in a cooperative fuel research engine under
standard test conditions a wheel is their, hand wheel is used to increase the compression ratio
and then this compression ratio is increased until the time between the fuel injections and
ignition is 2.407 millisecond. So, then this cetane and 1-methylnaphthalene mixture is also used
in the similar way on the same compression ratio, then time requirement is considered and then
for the composition which is having the same time, in that mixture, the percentage of cetane
will be the cetane number.

(Refer Slide Time: 18:51)



Aniline point and diesel index
The aniline point of an oil is defined as the minimum temperature at which equal
volumes of aniline (C;H;NH,) and the lubricant oil are miscible, i.e. form a single

phase upon mixing . :
D.1.= Aniline Point( F )x API

4 100
Acid value

The industry standard for measuring the acid content of crude oils is the Total Acid
Number (TAN) as defined as follows:

mg KOH
¢ Crude
Crude oils with TANs higher than 1.0 are called high TAN crudes. The total base
number (TBN) is correspondingly defined as the amount of perchloric acid required to
neutralize all of the bases in the crude.

TAN required to neutralize all free acids
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And another Aniline point and diesel index; So, for diesel cetane number is measured for other
fuels like say lubricating oil etcetera for these diesel index is measured and diesel index is
defined as aniline point in degree Fahrenheit into API gravity divided by 100. So aniline point
is measured first then diesel index is measured. So, what is aniline point? It is a temperature at

which equal volume of aniline and the lubricant oil will be mixed.

See if we get that temperature we will put it here. If we have the degree API of the fuel, then we
will multiply it by it and divide by 100 will get the diesel index. So, next is acid value. So,
crude also have some acids organic and inorganic acids may be available in it and total acid
content we can measure by its titration with base solution. And it is defined as total acid
number TAN that is equal to mgKOH required to neutralise all the free acids per one gram of

crude.

So, this is our total acid number. Similarly, total base number is also determined by the titration
using perchloric acid.
(Refer Slide Time: 20:09)



* Viscosity refers to the thickness of the oil, and is determined by measuring the
amount of time taken for a given measure of oil to pass through an orifice of a
specified size.

s et Pt ST . - x Kmt
When liquid flows through tubes, n=-5-— (Poiseuille’s equation) Or 1=KPf="1 & &m
s g i P s t

Thus, ratio of viscosity coefficient of a known and experimental sample = ,'—71— - mﬂ'—

Where 1 is called the viscosity coefficient, t is the time of flow of liquid, V is the
volume of the liquid, P is the hydrostatic pressure, and L is the distance travelled by
the liquid during time t, r is radius of the tube, m, is mass of reference liquid

Viscosity can be measured using a viscometer. The different types of viscometer are

as follows: e :
‘ v Oscillating piston viscometer
V' Ostwald viscometer v Vibrational viscometers
V' Falling sphere viscometer v Rotational viscometers
v Falling piston viscometer v Bubble viscometer
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Viscosity is another property of the crude oil, which is very important for its transportation and
for pumping purpose. As you know, the viscosity indicates the resistance and so, in one form
layer flows on the other layer that is the fluid one fluid layer is flowing on the another layer that
experienced resistance and that is related to the viscosity. So, it also represents the thickness of
the oil and is determined by measuring the amount of time taken for a given measure of oil to

pass through an orifice of a specified size.

So, for the determination of viscosity, what happens for a simple arrangement we can make, we
can pass the fluid through orifice and know what time it is taking we can measure it because
this is a flow through a porous channel we can consider and in this case, we can use the

Poiseuilles’s equation that is ) = 7r* Pt /8VL and we get 1 is viscosity coefficient.

And P is the hydraulic pressure and t is the time of falling and V is the volume of liquid
collected an L is the distance travelled by the liquid during time t and r is the radius of the tube.
So, in this formula, we can see the =, radius of that tube is fixed, V volume how much liquid
you are collecting, that can also be targeted and fixed and then L is the length of the distance

travelled by the fluid. So that L is also fixed for the system.

So we can get n = kPt. This P is nothing but related to P, the hydrostatic pressure it is
proportional to Kmt we can get, because P proportional to m. Now, if we have 2 fuels one is
standard known viscosity and another viscosity is not known, we are getting what is the time to

fall certain distance through the orifice for both oil samples.



Then we will get the viscosity coefficient ratio by this mt/mt, where my is the reference mass of
the reference fuel and t is the time required to travel the same distance by the reference oil and
this is for our which | want to determine t the time required by the oil which we are interested
to get the viscosity and mass is the mass of that oil for which we are interested to get the

viscosity. So, now we can get the value of viscosity coefficient.

So this viscosity can be measured by different ways. As mentioned here, viscometer are there
Ostwald viscometer, Falling sphere viscometer, falling piston viscometer, oscillating piston
viscometer, vibrational viscometer, rotational viscometer, bubble viscometer.

(Refer Slide Time: 23:36)
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* Flash Point The flash point temperature of fuel is the minimum temperature at
which the fuel will ignite (flash) on application of an ignition source. Flash point
varies inversely with the fuel’s volatility. Minimum flash point temperatures are
required for proper safety and handling of fuel.

+ There are two basic types of flash point measurement: open cup and closed cup.

* Inopen cup flash point varies with the height of the flame above the liquid
surface and, at sufficient height, the measured flash point temperature coincides
with the fire point.

* In closed cup systems the cups are sealed with a lid through which the ignition source can
be introduced. Closed cup testers normally give lower values for the flash point than open
cup (typically 5-10 °C lower) and are a better approximation to the temperature at which
the vapour pressure reaches the lower flammable limit.
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Another property is flash point. So, if we heat any fuel, it will produce vapours. So, if we can
bring one matchsticks for ignition, immediately the temperature will come at which sufficient
vapour will form and flash will take place at the first time. So, that temperature is called Flash
point if we apply more heat and temperature will increase and more vapours will form and fire
will take place and that time that temperature has a minimum temperature at which fire takes

place that is called fire point.

So, Flash point and fire Point are the properties of the liquid fuels which are produced through
refining of the petroleum crude and it is determined in an Open Cup system and closed cup
system. In Open Cup system, the flash point varied with the height of the flame above the liquid
surface and at sufficient time the measured flash point temperature coincides with the fire Point,
but in case of closed cup, there is a lid and we get the; we bring the ignition source for a
moment and we get the flash.



So, it has been shown that the value of flash point in case of closed cup is normally lower than
that obtain through Open Cup and it is typically 5 to 10 degrees centigrade lower. Then asphalt
properties, asphalt, which are present in the crude oil that will be available in the residue,
vacuum residue and this is made of some polymeric compounds and it is aromatic rings are
present in it as we discussed and it may be directly used.

(Refer Slide Time: 25:28)

_ + Asphalt Products

+ Made from Asphaltenic Crude Vacuum
Bottoms or PDA Pitch

+ Two main Properties

- Softening Point: lowest temperature at
which standardized weight and shape

< Straight Run: straight off vacuum unit or PDA,
used for paving
= Cut Back: Use diluents to lower the flow
temperature, diluent evaporates after paving
* RC - Rapid Cure - naphtha diluent

will sink into asphalt (80 y 340F) * MC - Medium Cure - Kerosene Diluent
~ Hardness : Depth to which a test ¢ SC - Slow Cure - Gas Oil Diluent
needle penetrated into asphalt over time

at specified temperature (0 Pen, 30-40
mm Pen, 250-3000mm Pen)

-~ Emulsion Asphalt; Alternative to cutback, 30-50%

water plus emulsifying chemical (like a soap)

~ Industrial or Blown Asphalt : Roofing,
g waterproofing material, harder than other asphalts.
Made by blowing air through hot asphalt, causing
asphaltenes to combine,

N
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That is the straight run that means starting off vacuum unit or PDA propane deasphalting. So,

vacuum residue we are getting that is directly we are using or we are separating the lighter part
from it by propane deasphalting and using the asphalt. So, that asphalt is called straight run
asphalt. So, Cut Back; so cut back we are using some solvent here. So rapid cut, a rapid cure

RC that may be Naphtha diluent, when we use naphtha then that is called rapid cure.

We can use kerosene with asphaltene that is called medium cure and slow cure when gas oil is
used. Apart from these emulsion asphalt is also available when the water is added with these 30
to 50% water plus emulsified chemicals then gives the emulsion asphalt and then industrial or
blown asphalt another type of asphalt is also available, which is formed by the air blowing in
hot asphalt and these asphalts that is industrial or blown asphalt these have some applications as

your waterproofing material and it is harder than the asphalt.

So, it has some properties that is softening point and hardness these properties are measured to
assess its quality, the softening point is a lowest temperature at which standardised weight and
shape will sink into asphalt that is around say 80 to 340 Fahrenheit and hardness it is the depth



to which a test needle penetrates into asphalt over a time at specified temperature as a certain
condition is maintained and how many what is the depth penetrating needle is going inside that
is the hardness related to hardness. Zero pen, 30 to 40 pen millimetre and 250 to 3000
millimetre pen is reported.
(Refer Slide Time: 25:28)

ImpuitiesinCudeol

Nitrogen :
Sulphur: - Pre§§nt Il; ;I‘t:mental form and also
- Major impurity and present in elemental e °_ IHrogen. _
form - Forms Acids and causes corrosion.

- Removal is necessary to get on-

- Sulfides / oxides of sulfur (H,S, Mercaptans, »
grade products and secondary unit's

S0, etc) generated in refinery processes.

- Present as H,S / Mercaptans in LPG, as Sulfur feedstocks.
/ Mercaptans in Gasoline, Kerosene, ATF and
: ” Oxygen :
as sulfur in HSD & Residues. :
: y , - Present in elemental form and also
- Sweetening Processes (caustic washing,
I as compounds of Oxygen.
Mercaptan Oxidation) are used to remove e
; s - Forms Naphthenic Acids and
these impurities from products. .
causes stress corrosion.
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So, there are some impurities in the crude oil also like say sulphur, nitrogen and oxygen. So, the
sulphur is present in elemental form or in case of sulphide or oxide form. Some organic sulphur
is also present and those are called Mercaptans. So, different products have different types of
sulphur as for example present H2S and Mercaptans in LPG, sulphur Mercaptans in gasoline

kerosene ATFs.

And to remove the sulphur we can use some sweetening process that is caustic washing,
mercaptan oxidation etc. And nitrogen present in elemental form and also as oxides of nitrogen
and it forms acids and causes corrosion. So, removal is necessary to get on grade products and
secondary units feedstock. And oxygen present in the elemental form and also as compounds of
oxygen, it forms naphthenic acid and causes stress corrosion.

(Refer Slide Time: 28:48)



Bony Lt,, Nig. = 0.12
Challis, Aust = 0.07
Aching, Chaina - 0,08
Siabarian, Russ. - 0.4

Brent, North Sea - 0.24
Odavari Basin - 0.08
Tapis, Malas, - 0.023
Seberg, Oman -0.32

LowSulphur — Upto 0.5 % Wt 004, indo. - 0.08

Medium 0.5~-0.8 % Wt

High >0.8% Wt Mumbai High - 0.17
N-Gujarat =0.17
$=Gujarat - 0.04
Assam Mix~-0.24

Olemeca~0.8

Walia=0.7

SyrlanLt. - 0.74

ABU Dhabi =
Oman-0,79

Eocene, Wafra - 4.55

Kirkuk = 2.0

Jodhpur Ind, - 3.0

Quatar Export - 1,15

0.78

Ras Gharib - 2.41

Dubai-2.0

Isthamus - 1.4

Myril, Vanu. = 2.2
Belaym Egt. - 2.2

Arabian Hy. - 2.85

Basrah Hy. 3.5

BasrahLt, - 1,95

Zakum - 1.88

Narimanam - 0,08 Kuwait~- 2,6
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Sulphur content is may vary, it may be low sulphur up to 0.5% it may be medium 0.5 to 0.8%
or maybe high greater than 0.8% these are some example of different crude different crude oils
and different sulphur content. So, you get medium and high as well as low. So, crude oil and
their sulphur content.

(Refer Slide Time: 29:10)

Method ASTM/IP/: | Detection Interference
Limit

Important methods for WickBond D277-86  225ppm >100 ppm Halo Gens,  Not applicableto
sul ph ur detection: Method IP243-83  1.300ppm  >2ppmBa,0.1ppmPb  heavyends
40P210-59 4 ¢09 ppm interface P, Na, KZnMg
V' Colourimetric NH4' reduce the results
dueto Co preciption
method (barium  gombMethod D129-86 01to50% Iron,Si,Pbandother  Applicabletoall
IP61-84 Wt combustible
sulphate samples elements
e 0 which give
precipitation) residue other
: than Bas0, can
Y Wickbond not be analysed
combustion method  x.Rayflourscence D4294  0.1to500ppm  Lead AlkylSi, P, CaKand ~Solid, liquid
energy dispersive |p 336/81 halidesif present>100  sample matrix
v X-rayfluorescence  nonDestructive UOP836/82 ppm should match with
/ method calibration
ICP-MS standard

' 1T ROORKIL

Method of sulphur determination there are a number of methods. So, some important are

colourimetric method or barium sulphate method it is also known as and Wickbond method and
the combustion method this is and then X-ray fluorescence method and ICP-MS. So, these are
the different methods | have mentioned here. These are the number, test number and these are
detection limit and here are some interference which can compounds are elements which can
interfere on the detection.

(Refer Slide Time: 29:52)



TypicalValuesofNitrogeniiniClrde Ojls

Crude % Wt. Sulphur % Wt. Nitrogen

Tapis 0.17 0.018

Olemcea 0.17 0.21

¢ Poor colour stability of products  syran1t. 0.04 0.019
* Poor stability in storage & Basrah Lt. 024 0.06
handling (Oxidation Stabl'lty) Kuwait 0.08 0.05

* Poor quality of feedstocks for ~ Mumbai high 0.023 0.013
catalytic processing NGujarat o8 0.048

S- Gujarat 0.74 0.098

Assam Mix 1.98 0.11

Godavari Bassin 2.6 0.11
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So, for the nitrogen, so, it is poor colour stability of production, nitrogen gives poor colour

stability of products; it is poor stability in storage and handling also and poor quality of
feedstocks for catalytic processing. So, removal of nitrogen is important and required. So, now,
we see the different crude and presence of nitrogen and sulphur in it. And nitrogen can be
determined by some methods.

(Refer Slide Time: 30:20)
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Micro ASTM D 3431 210 5000 ppm - Liquid HC,
Coulometeric  yop 32959 0t0 100 ppm Upto 550°C
CHNS analyzer ~ Chemilumini 0.5t0100 ppm  Chlorine above  Liquid HC,
can also be Scence Detn. 5% Upto 550 °C
used to Micro Kjeldhal ~ UOP 384-76 0.1t0 100 ppm ~do- Petroleum
measure C,H, N, Distillates
Sand O Kjeldhal uoP-120 >0.01 Wt Nitro Comp.  Petroleum
prod. Anines,
Amide
Pyridine,
Pyrrol etc,
Modified ASTM D 3228 0.3t00.1% wt ~do- Lubricating oil
Kjeldhal 015 to 2% wt fuel oil
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There is micro coulometric, chemillumini scence, micro kjedhal and modified kjedhal. So,

these are the methods through which nitrogen is determined and different products are used for
this purpose and detection limits are also given. Apart from this CHNS or elemental analysis
can be done to measure the carbon, hydrogen, sulphur, nitrogen and oxygen of the crude oil
sample. Upto this in this class on the characteristics of crude oils and petroleum products, thank
you very much for your patience.



