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What is Bitumen Materials ?

Bitumen is defined as:

an amorphous, black or dazklored, (solid, semi
solid, or viscous) cementitious substance, compos
principally of high molecular weight hydrocarbons,
and soluble in carbon disulfide.

Bituminous materials are:
extensively used for roadway construction,
primarily because of their excellent binding

characteristics and water proofing properties and
relatively low cost.

Pavement Construction
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Basic Structural Elements: Pavement

A typical pavement structure consists of the surface course and the
underlying base and subbase cours&ach of these layers contributes to
structural support and drainage.

Subgrade (Existing Soil)

Subrgrade (ExwTing SoF|



Pavement: Load Distribution over the subgrade

Each of these pavement types
distributes load over the
subgradein a different

fashion.

Rigid pavement, because of
PCC's higlelastic modulus
(stiffness), tends to distribute

the load over a relatively wide ——y cond
area ofsubgrade(see i
Figure).The concrete slab .

itself supplies most of a rigid
pavement's structural
capacity.

Flexible pavement uses more
flexible surface course and
distributes loads over a
smaller area.lt relies on a
combination of layers for
transmitting load to the
subgrade (see Figure).
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Bituminous Mixtures

Cross Section - Concrete
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History

Prehistoric: Skeletons of prehistoric animals preserved intact
to present day in surface deposits of asphalt. An example
would be the La Brea Tar Pit, Los Angeles, CA, USA.

3200- 540 BC: Recent archaeological excavations show
extensive use of natural asphalt in Mesopotamia and Indus
Valley, as cement for masonry and street construction and a
waterproofing layer for temple baths and water tanks. These
early asphalt materials were native asphalt. These native
asphalts were found in pools and asphalt lakes.

300 BC: Asphalt extensively used for mummification in
Egypt.

1802 AD: Rock asphalt used in France for floor, bridge and
sidewalk surfacing.

Cont.

1838 AD: Rock asphalt imported and used in sidewalk
construction in Philadelphia.

1870 (circa) AD: First asphalt pavement laid in Newark, New
Jersey.

1902 AD: Approximately 20,000 tons of asphalt refined from
petroleum in the United States.Since

1926 AD: The petroleum asphalt and road oil tonnage
produced annually has increased steadifyom 3,000,000

tons in 1926 to 11,000,000 in 1950. Then to more than
30,000,000 tons in 1985. Total worldwide production in 1998
was over 50,000,000 tons.
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Overview: Bitumen Materials

Viaterials

Asphalts

Tars

Background

Bitumen Materials:

Asphalt cement and tar are considered
bituminous materials. Quite often, these two
terms are used interchangeably due to
misconception resulting from their similarity
in appearance.

Asphalt cement and tar are two distinctly
different materials with different origins and
different chemical and physical characteristic.

10
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Asphalt cement is a dark brown to black
cementitious materials either its naturally
occurred or produced by petroleum distillation.
Tar however, is primarily manufactured from the
destructive distillation of bituminous coal and
has a very distinct ordor.

Tar is hardly used in paving. Why?

Some undesirable physical characteristic such as very
high temperature susceptibility.

Significant health hazards such as severe eye and skin
irritation when exposed to its fume.

Asphalt can be classified into two categories:
Natural asphalt
Petroleum asphalt
Natural asphaltz laid down in geologic strata
and occur relatively as soft asphalt material
and also as a hard, friable, black material in
veins of rock formation. Hundred of
thousands of tons of asphalt have been
removed from the Trinidad Lake without it
showing any appreciable sign of loss.

11
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Petroleum asphalf these are colloidally
dispersed hydrocarbons in crude petroleum
and are obtained by refining petroleum
crudes. Gradually, these refined asphalt
became plentiful and good quality. This
forced the natural asphalt into position of
relative unimportance.

Basic Refining Process

Asphalt is simply the residue left over from petroleum
refining.

Crude oil is heated in a large furnace to about340
(65C¢° F) and partially vaporized. It is then fed into a
distillation tower where the lighter components
vaporize and are drawn off for further processing.
The residue from this process (the asphalt) is usually
fed into a vacuum distillation unit where heavier gas
oils are drawn off. Asphalt cement grade is controlled
by the amount of heavy gas oil remaining. Other
techniques can then extract additional oils from the
asphalt.

13
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Boiling and Distillation of Crude Oils
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Cont.

Depending upon the exact
process and the crude oil
source, different asphalt
cements of different 3
properties can be produced. [
Additional desirable properties
can be obtained by blending |
crude oils before distillation or **
asphalt cements after
distillation.

Petrochemical industries .-\rlomatic FECOVELFY

Diesel, Kerosene
Refortning

Aircraft Fuel

soluent
EXTraction

.
sphairr  EIUMEN Crystallization
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Water is removed from the
crude oil via a desalting
process in vessels

These distillation (or fractionation) towers
begin to take off the lighter components of
the crude oil with the processing moving
from left to right in this image. The towers
shown operate at atmospheric pressure.
The tower with the windsock produces
diesel and jet fuels (at least partially
processed).
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The light and heavy vacuum gas oils, or
flasher tops and bottoms, are removed at
the cut points annotated in this image.
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Asphalt Storage and Emulsion

Colloid mill used in manufacturing
asphalt emulsion.
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Refinery Operation

OIL WELL FIELD STORAGE TANKS

LIGHT
DISTULATE SOLVENTS
PUMPING MEDIUM GASOLENE
STATION JET FUEL
HEAVY
LUBRICANTS
TOWER DISTILLATE,
DISTILLATION — HEATING OIL
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HEATER AND ) )
COOLERS | Lighter molecules vaporize

Asphalt cement remains

Residual varies in consistency

Raw Materials of Asphalt

It is a hydrocarbon product of Petroleum crude
which is semi solid material.
Bitumen by definition is soluble in carbon
disulphide.
BThe hydrocarbons that make up bitumen can
generally be made up of the following :
Asphaltenes
Resins
Oils

1/9/2015
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Scheme of raw material

formulation
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Asphaltenes Resins

Asphaltenes and resins separated from crude oils
(Goual and Firoozabadi, 2002)
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n-alkane Filtration
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Insolubles

[
Maltenes

Adsorption on surface-
active materials

Deasphaltened oil
(DAO)

Aromatic Washing
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Eluted by n-alkane Adsorbed Solubles Insolubles
[ | I I
Qils Resins Asphaltenes® Carbenes and
I carboids
MEK Filtration at
-20°C
Solubles Insolubles

Light saturates
and aromatics

Heavy saturates
or waxes

Asphaltenes

Asphaltenes are present in most petroleum materials, and in
all heavy oils and bitumens from oilsands.
Asphaltenes constitute the body of the asphalt.

Examples of Some Organic Compounds in Petroleum
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Resins S:(})ils Asphaltenes

Cont.

Asphaltenes are large, high molecular weight
hydrocarbon fractions precipitated from asphalt
by a designated paraffinic naphtha solvent; and
also having a carbon to hydrogen ratio of 0.8.
Asphaltenes is defined by solubility:
the components that dissolve in toluene and
precipitate in nalkane solvents are the asphaltenes.

For analytical purposes, the concentration of
asphaltene in a crude oil is defined by precipitation
with either npentane (C5) or4meptane (C7).

1/9/2015
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The concentration of Gésphaltene in a very
low density crude oil may be only a fraction of
1%, while the concentration in a dense
bitumen can be can be over 20% of the total
mass.

The low solubility of the asphaltene fraction
makes it very important in production and
processing of petroleum.

In comparison to a whole petroleum or
bitumen, the asphaltenes have lower
hydrogen content (4.8 8 %), and a higher
content of sulfur, nitrogen, nickel, vanadium,
and oxygen.

The low concentration of hydrogen gives a
high density of 1100200 kg/mi, compared

to circa 1000 kg/iffor bitumen and <1000
kg/m3 for heavy oil and other petroleums.
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Asphaltenes from Mars-P crude oil

(3) n-C; asphaltenes (b) n-C; asphaltenes

Figure 1. Examples of the appearance (maguified about 15 times) of asphaltenes separated from
Mars-P crude ofl with an excess of (a) n pentane (5-Cy) and (b) n-heptane (n-C,),

Resins and Oils

Resins are hydrocarbon molecules with a carbon to
hydrogen ratio of more than 0.6 but less than 0.8. It
provides ductility and adhesiveness to asphalt.
Resins are soluble in higher molecular weight
normal alkanes, but are insoluble in lower molecular
weight alkanes.

The material that precipitates with addition of
propane, but not with rFheptane, is considered to
constitute the resins.
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Oils are hydrocarbon molecules with a carbon
to hydrogen ratio of less than 0.6. Oils
influence the viscosity and flow of the
asphalt.

Constitutes of Bitumen

Complex chemical mixture of molecules that are
predominantly hydrocarbons with a small
amount structurally analogous species (sulphur,
nitrogen, oxygen atoms).
Some trace gquantities of metal such as
vanadium, nickel, iron, mg, calcium.

Carbon : 8288 %

Hydrogen : 511 %

Sulphur : 66 %

Oxygen : 01.5 %

Nitrogen : G1 %

24
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Asphalt: Types and Uses

Asphalt commonly used in flexible pavement
construction and can be divided into three (3)
types:

Asphalt cement

Emulsified asphalt

Cutback asphalt

Asphalt Cements

As discussed earlier, asphalt cement obtainec
by distillation process from crude petroleum
using different refining process.

Ambient temperaturez asphalt cement is
black, sticky and semisolid and highly viscous
material. Its also strong and durable with
excellent adhesive and water proofing
characteristic, highly resistant to the action of
most acids, alkalies and salt.

25



How do we grade asphalt cement?

Two method: based on penetration and

viscosity.
Penetration: As specified in ASTM D946, there are
five (5) standard penetration graded of asphalt
cement, 4050, 6670, 85100, 126150 and 200
300. The penetration grade is based from the
penetration test.
Penetration test involve measurements of
penetration of standard penetration needle into a
sample of asphalt cement under standard
temperature, time and load.

Viscosity: As specified in ASTM D3381, this
grading is based on the viscosity test. The
viscosity grading system is based from
original asphalt cement include AZ5, ACS5,
AC-10, AG20, AC30 and A€AO.

1/9/2015
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Emulsified Asphalt

Emulsified asphalt (emulsion) is a mixture of
asphalt cement, water and emulsified agent.
This emulsified asphalt is usually used for
prime coat (binder and roatiase) and tack
coat (binder and wearing).

Because the asphalt cement will not dissolve
In water, asphalt cement and water exist in
separate phases as in figure shown.

ASPHALT CEMENT
IN FCRM OF

PERFECT

SPHERES —
‘ I e O T NG 7
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CONTAINING - -5 !— . -
EMULSIFY NG ,Q - c— — — - P

Emulsified Asphalt

1/9/2015

27



1/9/2015

What are emulsions?

liquids, but in most emulsions one of the phas
is water.

55

1. O/W emulsion
2. W/O emulsion
3. Mmultiple W/O/W
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