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e History of Asphalt

Asphalt is well known and used since ancient times,
» because it is the oldest and widely accepted structural material

It is used since 6000 B.C.
» As a waterproofing and binder material of great quality
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e History of Asphalt
istory
The Sumerians used to use it in the prosperous shipbuilding industry

The Babylonians used it as a binder in the mixture production for castle construction
(Babel Tower).

The Egyptians used asphalt to mummify the dead bodies and to waterproof tanks.
Around 3000 B.C., the Persians also used asphalt for road construction.

The Greek word asphaltos was used during Homeric times
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% which means a stable or solid substance.

Afterwards, it was used by the Romans (asphaltus)
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% hence, the term asphaltic, or even its root, exists until now in all modern languages
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The History of Asphalt e ——

O Later on, around 13t to 14th
century AD,

Equator TRINIDAD
L ANDTOBAGO.

» the largest surface deposits of
natural asphalt in the world were
discovered in Trinidad island (Lake

Asphalt of Trinidad), as well as in
the coasts of Venezuela.

Oron, A., Galili, E., Hadas, G. et al. Early Maritime Activity on the Dead Sea: asphalt Harvesting and the Possible Use of Reed Watercraft. J Mari Arch 10, 65-88 (2015). https://doi.org/10.1007/s11457-015-9135-2
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Natural Asphalt
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Trinidad island

elBlack Diamond™
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htips://www youtube.com/watch?v=xeug3adFujs

15

The History of Asphalt

O Until the beginning of the 20t
century

» The asphalt or asphalt used was a natural
product

» The first natural deposits were found at
the Dead Sea (or Salt Sea) where asphalt s %
used to emerge from the bottom of the !
sea, floated to the surface and discharged
into the banks

<+ This was the reason why the ancient
Greeks called this lake “Lake
Asphaltites”

Large asphalt mass floating on the
Dead Sea in 1969 (Gideon Hadas)

Oron, A., Galili, E., Hadas, G. et al. Early Maritime Activity on the Dead Sea: asphalt Harvesting and the Possible Use of Reed Watercraft. J Mari Arch 10, 65-88 (2015). https://doi.org/10.1007/s11457-015-9135-2 16
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The History of Asphalt
U Apart from the natural asphalt

¢ there is also the ‘artificial asphalt’, which is a residue of fractional
distillation of crude oil (petroleum oil)

- simply called asphalt or bitumen nowadays

THE FRACTIONAL
DISTILLATION OF CRUDE OIL

Liquid
petroleum gas 0

Paraffin

Diesel
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Terminology Today

According to American specifications

O More often the term asphalt is used

O ‘asphalt’ or ‘asphalt cement’ is

RS

% ‘adark brown to black cement-like residuum obtained from the
distillation of suitable crude oils’.

O Asphalt binder

< Anasphalt which may or may not contain an asphalt modifier

U Native asphalt is

2

«  Used instead of the term natural asphalt used in European
standards.

% The term native asphalt is defined as ‘the asphalt occurring as such
in nature’.
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Terminology Today

According to European specifications

U Bitumenis

» Virtually an involatile, adhesive and waterproofing material
derived from crude petroleum or present in natural asphalt

» Completely or almost completely soluble in toluene and very
viscous or almost solid at ambient temperatures.

O Asphaltis
A mixture of mineral aggregate and bituminous binder
U Bituminous binder

> is the adhesive material containing asphalt

O Bituminous is

> the adjective applicable to binders and mixtures of binders and
aggregates containing asphalt
+
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Agg Wt.  + Binder Wt.

Hot Mix Asphalt Testing 020. Available at df 31
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Cla SSifica tio n Bq'l:umi:nnuT maierials
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FIGURE 9.1 Classification of bituminous materials (Goetz and Wood, 1960).
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Classification

Asphalt VS. Tars
O Tar

» isadark brown or black viscous liquid of hydrocarbons and free
carbon

» It obtained from a wide variety of organic materials through
destructive distillation.
O Tar can be produced from
» Coal

> Wood

» Petroleum

O Therefore,

> the chemical composition of tar varies, though it is always made of
organic matter of some sort.

Atar-like substance can be
produced from corn stalks by
heating them in a microwave

Image source:
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Classification

Tars from wood

36

Classification
Tars from wood
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Classification
How is tar made for roads
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Classification

Asphalt V.S. Tars
O Asphalt

» Itis obtained by partial distillation
of crude petroleum

THE FRACTIONAL %
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Bituminous matarials
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Distillation of crude petroleumn (The Asphal Institute, 2007 ).
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Refinery Operation
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Jordan Petroleum Refinery CO. LTD
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Asphalt Types : Asphalt Cement

Asphalt types

U Refining produces asphalt with specific characteristics for
varied uses

* Roofing asphalt
* Paving asphalt

* Other special uses

48
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Roofing asphalt

hitps://swiw.youtube.com/shorts/xDtoBOKOSA

49

49

Asphaltic
products 5 .
1
Asphalt Oxidized
cements asphalts asphalts
Cutbacks and
road oils Emulsions
Slow Medium Rapid Slow Medium Rapid
curing curing curing setting selling setting
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Asphalt types
Paving asphalt

O Asphalt most commonly used in flexible pavement construction can be
divided into:

Asphalt cement (binder)  Emulsified asphalt Cutback asphalt

51

1.1 Asphalt Materials

Asphalt cement
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Asphalt cement

O Asphalt can be
described as a dark-
coloured petroleum-
like material that has
a consistency ranging
from sticky liquid to a
glossy solid.
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Asphalt
cement
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Asphalt cement
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Asphalt types
Asphalt cement

O At room temperatures,

» asphalt cement is a semisolid material
that cannot be applied readily as a
binder without being heated

56
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Asphalt types

Asphalt cement

U Asphalt cement has excellent adhesive characteristics as compared to
the liquid asphalt (cutback and emulsified asphalt ),

» which make it a superior binder for pavement applications

hitps://c

ssphalt.com/wp-content/uploads/2018/08/10_FogSeal-and-Rejuvenator Seal-Benefits-and-Differenc

57

Asphalt types
Asphalt cement

O Asphalt cements are
used mainly in the
manufacture of Hot-mix
Asphalt (HMA)

com/shorts/qXHfc8xioY
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Chemical Composition of Asphalt

U Asphaltis a complex chemical compound
composed predominately of carbon and
hydrogen (hydrocarbon), with a small amount of
heterocyclic compounds containing sulfur,
nitrogen and oxygen

U The characteristics of the asphalt depend on

» The chemical composition

» The distribution of the molecular weight hydrocarbons.

Q As the distribution shifts toward heavier
molecular weights

» the asphalt becomes harder and more viscous.

4, Saturates

«
¥ — .
2 £ 500 romatics|

a e
f
f h

s/ h - t Asphaltenes

Asphalt binder
molecular
structure

i‘h

Fractions in
asphalt binder

Asphalt
binder

Qu, X, D. Wang, L Wang, Y. Huang, Yue Hou and M. Oeser Binder.” (2018),
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Chemical Composition of Asphalt

O Asphaltenes

» The asphaltene content directly affects the
rheological properties of the asphalt.

» When asphaltene content increases
<+ The asphalt is harder
- Low penetration
- High softening point
% The asphalt is more viscous
- High viscosity

» The percentage of asphaltenes in
asphalt usually ranges from 5% to 28%

Typical images of liquid petroleum (left)
and the glassy asphaltene fraction
(center). Asphaltene molecules have a
condensed aromatic core (right).

hitps://www.researchgate.net/publication/369626520_Asphaltene_Precipitation._Investigation_Using a_Screening Techniques._for_Crude_Oil_Sample_from_the_Nahr-Un:_FormationHalfaya_Oil_Field

(b)

Asphaltenes Separate from the Same Crude Oil Sample in the
Laboratory, Using N-C5 (A) and (B) N-C7

hitps://ww.swagneriab.com/news/2021/11/1/probing:he-moleculararchitecture-of-petroleum-asphaltenes
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Chemical Composition of Asphalt

O Resins

» Resins are dispersing agents to asphaltenes

asphalt.

= Saturates | Aromatics

» They are solid or semi-solid, dark brown in color and strongly adhesive.

» Their proportion to asphaltenes control the gel/sol type of character of

Resins

hitps://publik.tuwien.ac.at/files/PubDat_230295.pdf
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Chemical Composition of Asphalt

httpsi// .

YOULUDe.cOm/watchPy=uwfYjy4PHDU
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The exact composition of asphalt
differs, and it depends on

»  The source of the crude oil

»  The modification during its fractional
distillation

» The oncoming aging in service

Any variation in the percentage of
asphaltenes and maltenes (
particularly of resins and saturates)

» influences the viscosity and the
temperature sensitivity of
asphalt.

The variation of the
abovementioned substances takes
place mainly during production of
asphalt

< Will be discussed later

rce: hitps://docs.ib.purdue.edu/cgi/viewcontent cgl2article=12768&context=roadschool

Chemical Composition of Asphalt

Barrow Island

Santa
Barbara

Boscan

Empire
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Asphalt Types : Liguid Asphalt

1
Asphaltic
products

I |

Asphalt Oxidized Liquid
cements asphalts asphalts

|
| |
Cutbacks and
road oils

Emulsions

| 1 [ |

Slow Medium Rapid Slow Medium Rapid
curing curnng curing seting setting setting
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Asphalt - Methods to Liquify

1. Heating

» Temporarily reduces viscosity

2. Dissolving in Solvent

» Cutback Asphalts (type and amount of solvent
determines properties and classification)

3. Emulsifying with Water

» Emulsified Asphalts (electro-chemical charge,
setting characteristics, liquid

» viscosity and consistency of cured residue
determines properties and classification)

hitps://wviw.youtube.com/watch?v=rkkuXFYEGFE

67

| Asphailtic
products

Asphalt Oxidized Liquid
cements | | asphalts asphalts

T ;
| |
Cutbacks and
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Image source:
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Liquid asphalt
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1.1 Asphalt Materials

Emulsified asphalt (Emulsion)

72

72

Asphalt types
Emulsified asphalt (emulsion)

O It’s a mixture of asphalt cement,
water, and emulsifying agent (e.g.,
soap)

» 1-2% by volume
QO It classified as liquid asphalts
because

> they are liquid at ambient temperatures

U Emulsions are made to

» Reduce the asphalt viscosity for lower
application temperatures

Photo of magnified asphalt emulsion showing minute
droplets of asphalt cement dispersed in a water medium.
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Emulsified

asphalt
(emulsion)
WHAT IS BITUMEN
EMULSION ?
Asphalt types

Emulsified asphalt (Emulsion)

Charge Keeps Droplets Apart
“Like Charges Repel”

Positive droplets = Cationic Emulsion

Emulsifier gives surface charge to asphalt droplets suspended in water medium

75

75
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Bitumen Emulsion Plant
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Asphalt types
Emulsified asphalt (emulsion)

Cationic

Repulsion

+++ +++
+ 2 i + -
+: = &
4= 2
=

Anionic

Repulsion

Never Mix Emulsions

+ -

Allraction

Emulsifier gives surface charge to asphalt droplets suspended in water medium

78
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Emulsified asphalt (emulsion)
Types
U Anionic
. F o > —~ —v——— & — 0o ASPHALT
» Electro-negatively charged asphalt [ —o0—0— — T 7 0] +
droplet 5 a — S — o ——] WATER
[0 =Y 9507 +
» Good with aggregate that have a | EMULSIFIER
positive charge T 1
ANIONIC
% (limestones ) which finally causes the © CATIONIC
anionic emulsified asphalt to “break or ALKALINE ™
“set” and produce a continuous film of ACID
asphalt on the aggregate or pavement
U Cationic + -
. -~ T -k siLica
> Electro--positively charged asphalt o + LIMESTONE *é"’ -k (il Gravel
droplet + -
» Good with aggregate that have a
negative charge
> Siliceous aggregate [ sandstone, quartz,
and siliceous gravel
79

79

31



Asphalt types
Emulsified asphalt (emulsion)

O Emulsified asphalts are further graded according to their “setting” rate
including

» The setting rate is controlled by the type and amount of the emulsifying agent
O Emulsified asphalts classified to

» Anionic emulsified asphalts are classified into

KD

< Rapid setting (RS)

0

% Medium setting (MS)

B3

*  Slow setting (SS)

» Cationic emulsified asphalts are classified into
+* Rapid setting (CRS)
< Medium setting (CMS)

% Slow setting (CSS)

80
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Emulsified asphalt (emulsion)

Asphalt Emulsion Chemical Reaction Test

Vance Brothers, Inc

Presents...

81

81
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1.1 Asphalt Materials

Cutback asphalt

95

95

Definition

O A cutback

> ‘A cutback is a decrease in something,”

O A cutback asphalt
» Reducing the viscosity of asphalt binder

Fractional Distillation of Crude Oll

Small Molecules:
® Low boiling point
® Very volatile

® Easier to ignite

® Flows easily

Large Molecules:
® High boiling point
® Not very volatile
@ Harder to ignite
® Does not flow

easily

— (25°é)

Crude Oil .

®

-

|
1 > 600°C
HOT S

(350°C)

cool

Refinery Gas <40°C
R

Petrol

40°C-205°C
e

Naphtha
60°C - 100°C
e B

Kerosine
175°C-

325°C —
e T

Diesel
250°C - 350°C
— |

Lubricating Oil ,

300°C-370°C . ‘)
——

Fuel Oil

370°C-
600°C
p— |

Residue

Bottled Gas

Petrol
(Gasoline)

Chemicals

Jet fuel,
Paraffin for
lighting and

heating

Diesel fuels

Lubricating
Oils, Waxes
and Polishes

Fuel for Ships,
Factories
and Central
Heating

Bitumen for
Roads and
Roofing

96
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Asphalt types
Cutback asphalt

O Aliquid asphalt which are manufactured by adding (cutting back) petroleum solvents to
asphalt cement

» Cutback asphalt = AC + Petroleum solvent
U They are made to reduce the asphalt viscosity for lower application temperature

O Application to aggregate or pavement causes the solvent to escape by evaporation, thus
leaving the asphalt cement residue on the surface

97
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Asphalt types
Cutback aspha/t Fractional Distillation of Crude Qil

Based on the relative rate of evaporation, Skl ) — é Botled Ga
.. . @ Low boiling point
cutback asphalts are divided into o Very volaie , -

® Easier to ignite N N o
® Flows easily A\ 405’—205 15 Petrol
(Gasoline)

Naphtha

1. Rapid —Curing (RC)

» Produced by adding a high volatility solvent o e
(generally gasoline or naphtha) Kerosine
175°C- Jet fuel,
i i rge Molecules: [ 325°C . Paraffin for
2. Medium — Curing (MC) I —— g
® Not very volatile | eating
» Produced by adding an intermediate volatility b ol igln:tle ' Diesel "
solvent (generally kerosene ) oo e & Diesel fuels
3. Slow-Curing (SC) ( or road oils) g oo N
— * and Polishe:
» Produced by adding a low volatility solvent - o .
uel Ol uel for Ships]

"

370°C- 3 Factories
600°C and Central
—

Heating
Residue

1 > 600°C Bitumen for]
I
HOT Roads and
(350°C) Roofing

(generally diesel or other gas oils )
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Asphalt Types
Cutback VS. Emulsions

Cutback Asphalts used less frequently now and use of emulsions becoming more common
because of :

U Environmental Concerns (especially with RC’s)

» Hydrocarbons evaporate into air.

O Economic
» costly to buy 2 petroleum products.

O Safety
» low flash pts - danger of fire.

U Higher application temp, dry conditions required

99

99
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Asphalt Types : Oxidized Asphalt
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Asphaltic iz - e
products 3 = ¥

Asphalt Oxidized Liquid
cements asphalts asphalts
Cutbacks and :
road olis Emulsions

1 | 1

Slow Medium Rapid Slow Medium Rapid
curing curing curing setting selling setting
101
101
Oxidized Asphalt
Production Process
Q This type of bitumen obtains from the e Processing
blowing hot air with a temperature of 2 v e
200 to 300 degree Celsius to the 5 ez

penetration grade bitumen in the reactor
of Bitumen Blowing Unit (BBU) of the
refinery.

O Hydrogen atoms of bitumen react with
oxygen atoms of air when heated with
hot air in the reactor.

O Then it generates some steam that
should be removed from the oxidation
chamber.

O Consequently, the bitumen remains.

asphals and
road ois

Rapid-curing

cutback
Petralaurm asphalts

Bender

Ermulsion| Emulsified
. Ermuasine

FIGURE 9.2 Distillation of crude petroleumn (The Asphalt Institute, 2007).
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