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Abstract

The primary objective of this paper was to investigate the impact of bitumen fractional composition on the physical-mechanical properties
of cationic bitumen emulsion. The paper focuses on one kind of bitumen produced by oxidation process and special compounded bitumen
produced by different oxidized components with various degrees of oxidation. The aim of this article is to determine how different
structural types of bitumen (Sol, Gel and Sol-Gel) and the Colloidal Instability Index (/c) influence the rheological properties of cationic
bitumen emulsion. Bitumen fractional composition was determined by latroscan MK-6s chromatography. Moreover, it is established that
using bitumen emulsions with compounded bitumen, the maximal speed of formation of a road surfacing from cold emulsion mixtures is
reached. The results of practical application of bitumen emulsions with compounded bitumen for Slurry seal in road building in Belarus
are presented.
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Nomenclature

SARA Saturates, Aromatics, Resins, Asphaltenes

KF Karl Fischer titration

TLC-FID Thin-Layer Chromatography with Flame-lonization Detection
1 Colloidal Instability Index

1. Introduction

Bitumen in its emulsified form is used in a wide range of applications for construction, maintenance and preventive
maintenance treatments. Development of technologies utilizing asphalt emulsions are a product of cooperation among
emulsion manufacturers, equipment manufacturers and contracting companies [9]. Emulsion chemistry is responsible for
immediate coating and subsequent cohesive strength development. Residual binder properties determine long term
performance [9]. Three chemical components of emulsified bitumen, i.e. bitumen, water and emulsifier, joined together by
the chemical influence of a colloid mill. They are the most necessary ingredients in the chemistry and related production of
paving asphalt emulsions. The one physical-chemical property of paving asphalts that most influences the preparation of
stable emulsions is the degree to which the asphaltene fraction is peptized by the maltene fraction into stable, colloidally and
uniformly dispersed micelles [11].

Bitumen is a complex chemical mixture which consists of saturates, aromatics, resins and asphaltenes that can modify
the stability of the bitumen emulsion [1-3]. Bitumen emulsion is applied on the road at lower temperatures than pure
bitumen or polymer modified bitumen so it must be metastable. The contact between the bitumen droplets and the mineral
surfaces can induce the emulsion breakdown on the aggregates [4—7].

Boulangé and Sterczynski developed new physical-chemical methods to characterise the aggregates, the bitumen and the
bitumen emulsion surfaces. Also they compared the properties of the new sustainable emulsifiers which are currently used
in the road industry and explained the role of the bitumen/aggregate interactions in the bitumen emulsion breakdown. Using
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the Drop Shape Analysis System surface tension of complex liquids such as bitumen was determined [8]. The Karl Fischer
(KF) titration method for quantification of water has been successfully applied to asphalt binder. A KF titration method for
quantifying water in bitumen and bitumen emulsions has been developed that it’s accurate, quick, and highly sensitive [12].

Modified bitumen emulsion is a new kind of binder used in road surfaces, which has the advantages for both modified
bitumen and bitumen emulsion. Using modified bitumen some properties will be improved, such as the thermal stability,
high and low temperature performance, durability, as well as adhesive properties with aggregates and better resistance to
cracking. Analysis of the relationship between the components and properties of bitumen showed that the change of
components caused by SBS latex was beneficial to the properties of bitumen. The Colloidal Index (/;) showed that SBS
latex also made the colloidal system more stable [10].

1.1. Bitumen fractional composition and microstructure

There is an application of bitumen production used in cationic emulsions in Belarus. Oil refineries have been producing
only oxidized bitumen. Several years ago they also started to produce special compounded bitumen. The results of bitumen
fractional composition is determined by Thin-Layer Chromatography with Flame-lonization Detection (TLC-FID) and
bitumen rheological properties influence on cationic emulsions are presented.

To obtain cationic emulsified bitumen, used in the road construction technologies, domestic bitumen is generally used in
the Republic of Belarus. Petroleum refineries produce bitumen by oxidation of petroleum residue using air oxygen, and only
recently they have started producing special compounded bitumen. The process of compounding is applied to produce
commercial bitumen from several oxidized components with various degree of oxidation: from oxidized and unoxidized
components. Mixing two-three components in various ratios it is possible to obtain a great number of commercial bitumen
grades.

Bitumen structure depending on chemical composition, properties and molecule constitution is featured by diversity of
the molecular structures that may considerable influence on material properties. Fig.1 shows the specimen surfaces of
bitumen BD 90/130 obtained by the method of oxidation and compounding. On a basis of their analyses a conclusion can be
drawn that the structure of compounded bitumen significantly differs from oxidized one, despite the fact that the same raw
components make up their basis. Therefore, oxidized bitumen is featured by polydisperse structure while compounded
bitumen shows monodisperse structure [13] that produces positive effect on the structural stability of the latter. Physical-
chemical properties of compounded bitumen are shown in Table 1.

a)

Fig. 1. Specimen surfaces of bitumen BD 90/130 obtained by the method of oxidation (a) and compounding (b); optical microscopy (magnification x 200)

Table 1. Physical-chemical properties of compounded bitumen

Index Norm as per STB 1062 Batch number (BD 90/130)
1 2 3

Softening temperature, °C >43 44 44 45
Extensibility, cm, at 25 °C > 65 over 100 over 100 over 100

at 0 °C >4.0 8.4 7.0 53
Penetration, 0.1 mm, at 25 °C 91-130 122 114 98

at 0 °C >28 56 41 39
Brittleness temperature, °C <-17 —20 —19 —-19
Batch composition, % mass:
asphaltenes 19-21 18.5 18.0 18.5
resins 32-34 18.5 17.0 18.5
oils 45-49 63.0 65.0 63.0

paraffin <3.0 2.6 2.8 2.7
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Analysis of the presented results reveals that compounded bitumen considerably exceeds the requirements of the
referenced normative document. This bitumen possesses, for example, higher extensibility and penetration at the
temperature of 0 °C as well as lower temperature of brittleness that is indicative of enhanced low-temperature properties.
Moreover, judging by the batch composition, this bitumen is much less disposed to ageing which may be presented in
simplified terms as the process of transformation of aromatic polycyclic hydrocarbons into resins, resins into asphaltenes,
and the latter — into hard carbenes and carboides. By using thin-layer chromatography it was determined that the content of
aromatic hydrocarbons increases in compounded bitumen which presupposes better compatibility with the materials of
acidic rocks in the composition of asphaltic concrete as well [14].

The properties of bitumen as dispersive systems depend on the chemical composition of dispersion medium and
dispersed phase. In this connection Kalbanovskaya has identified two main and one intermediate structural type for
bitumen: Gel, Sol and Sol-Gel [15].

Bitumen of the first type (Gel) contains over 25% (by mass) of asphaltenes and less than 24% of resins. Bitumen of the
second type (Sol) contains up to 18% of asphaltenes and over 36% of resins. Bitumen of the third type (Sol-Gel) contains an
average content of asphaltenes — 21-23%, resins 30—34%. Bitumen of the third type is featured by the structure that includes
elements of both structures.

Each type of bitumen is characterized by the chemical composition and molecular structure that have influence to
rheological properties:

e type I has a high viscosity which at attaining the value of ultimate shear stress after mechanical impact decreases
sharply (down to 6-12%) but after relieving the stress it would quickly restore practically back to the initial value;

e type II — viscosity depends little on shear rate (after impact it remains at 90-96% of the initial value), however,
viscosity drop occurs right after application of shear stress and after its relieving viscosity would not actually
restore;

e type III — after application of shear stress, viscosity decreases by 40-65% and after stress relieving it would restore
but not completely (about 90%).

Bitumen meeting the requirements of the normative documents, even within one grade, may be referred to different
rheological types and correspondingly may differently behave in the process of emulsification. Table 2 shows physical-
chemical characteristics of BD 90/130 bitumen produced at the enterprises of the Republic of Belarus and used for road
construction.

Table 2. Physical-chemical indices of bitumen

Index No.1 No.2 No.3

1. Penetration, 0.1 mm:

-at25°C 92 110 92

-at0°C 28 28 32
2. Softening temperature by ring and ball, °C 47 45 47
3. Extensibility, cm:

-at25°C >100 >100 >100

-at0°C 4,1 4,0 4.5
4. Brittleness temperature, °C -14 -16 -17
5. Flash temperature, °C 240 243 237
6. Paraffin content, % (mass) 2.8 2.6 2.7
7. Adhesion with sand, % 65 67 68
8. Indices of physical-chemical properties after heating (+163 °C/300 min)
a) mass loss, % 0.1 0.1 0.2
b) change in needle penetration depth at 25 °C, % 30 27 28
¢) change in softening temperature, °C 5 3 1

9. Batch chemical composition by SARA method (latroscan MK—6s), %
saturated hydrocarbons

aromatic hydrocarbons 5.7 4.6 6.0
oils = saturated + aromatic hydrocarbons 40.2 309 39.1
resins 459 355 451
asphaltenes 38.1 46.2 33.6

16.0 18.2 21.3
Index of colloidal stability 3.60 3.38 2.66

1.2. Bitumen Colloidal Instability Index (1)

Index of colloidal stability is determined by the following relationship:

aromatics + resin s

, _ ey
coll.stab. asphaltenes + saturates

This index is used to characterized bitumen structural characteristics and is called index of bitumen dispersivity (D) [16].
At high content of asphaltenes and saturated hydrocarbons the index of bitumen dispersivity decreases, asphaltenes are
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poorly dispersed, and the colloidal system becomes more unstable.

It is evident from the data shown in Table 2 that the batch chemical composition of bitumen No. 1 and No. 2 are referred
to type II, whereas bitumen No. 3 — is referred to structural type III according to the classification developed by
Kalbanovskaya.

From the studies of the batch composition of bitumen used in the road construction companies of the Republic of Belarus
it has shown that bitumen is most frequently referred to type III, type II - I1I or type II.

In order to determine the effect of bitumen chemical composition and its rheological type on the properties of emulsified
bitumen fast and slow decomposing cationic road emulsions have been produced using bitumen of different types and with
different index of colloidal stability.

It has been established that bitumen referred to structural type III is better emulsified, and emulsions meeting the
requirements of the normative document can be made with lesser consumption of emulsifier. More emulsifier is needed to
produce emulsion from bitumen of type II. The data obtained are consistent [17], i.e. bitumen referred to types I and III is
the most suitable to prepare emulsified bitumen since viscosity of type II bitumen changes little at application of shear stress
and the process of its emulsification is more complicated.

Fast-decomposing bitumen emulsions are widely used for surface treatment durability of which can be evaluated by
adhesion of bitumen with stone material (method of boiling) and by decrepitation stability of bitumen film at impact (PS-2
instrument at 0 °C). The data obtained are shown in Figs 2, 3. It is evident from the figures that surface treatments made
with the use of emulsions prepared from structural-rheological type III bitumen are featured by higher adhesion and
decrepitation stability at impact at 0 °C. Moreover, it has been proven that not only bitumen but also emulsifier used as well
exerts influence on this index (Fig. 3). Slow-decomposing emulsified bitumen has been used in the composition of cold cast
bituminous concrete mixtures (variety A), slurry seal, physical-mechanical characteristics of which are provided in Table 3.
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Fig. 2. Adhesion of emulsified bitumen with crushed granite depending on bitumen type
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Fig. 3. Effect of bitumen type on decrepitation stability as measured by PS-2 instrumentat 0 °C



V. Salauyeu et al. / The 9" Conference Environmental Engineering. Selected Papers, Article number: enviro.2014.168

Table 3. Physical-mechanical characteristics of cold cast bituminous concrete mixtures

Physical-mechanical properties of the mixtures
Attainment of torque moment with

Initial Emulsion grade, Deformation Quartz Abrasive wear, g/m2 time, ke/om?
bitumen amount of roperty at sand 1 h f 6d f
emulsion, % property o adhesion, our o ays o
wheel load,% Ke/m2 water water 0.5 hour 1.0 hour 2.0 hours
& saturation saturation
Bitumen No. EBK-M-60 - 15 9.1 272.4 12.0 18.6 8 12 21
1P23=92 EBK-M-60- 13 12.4 3140 78.30 98.4 6 15 23
Bitumen No. 12.0 263.7 11.9 13.5 10 18 21
2 P25 110 EBK-M-60 -15
mm-1 EBK-M-60 - 13 132 358.9 101.2 120.0 9 15 23
Bitumen No. 18.4 278.0 19.8 64.2 15 20 28
3P25_ 00 EBK-M-60 - 15
mm-1 EBK-M-60 - 13 17.5 372.0 94.6 1244 14 16 26
gl(e)rll:lliiiulzzz I;PV 231;9}] 11&09'99 for - no; ;) (‘)/ er not over 800  not over 530 not less 12 not less 20 not less 26

It is seen from the data presented in Table 3 that the mixtures obtained with the use of emulsified bitumen based on
bitumen of structural type III are formed faster. For instance, traffic on the road from cold cast mixtures with the use of
emulsion based on bitumen No. 3 can be allowed in one hour, whereas with the use of emulsion based on bitumen of type
IT — in two hours. It should be noted that bitumen No. 3 is compounded and better results of resumed traffic have been
ensured with its use. This has been confirmed in practice by road surfacing with application of Slurry seal technology on the
Belarusian roads, i.e. the use of compounded bitumen has made it possible to attain minimum time of road surface
formation and resumption of traffic on the laid coating.

Thus, it has been shown that to obtain emulsified bitumen and its rational use in the road construction it is more
preferable to make use bitumen of structural-rheological type III.

Apart from the structural-rheological type of bitumen a value of the colloidal stability index should be taken into
consideration as well. The values of /. in bitumen produced by the Belarusian enterprises are provided in Figure 4.
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Fig. 4. Index of colloidal stability of road bitumen produced by the Belarusian enterprises in 2008

It is understood from the data provided that /. values ranging from 2.75 to 3.75 are typical of bitumen. On the basis of
undertaken investigations aimed for obtaining bitumen emulsions from bitumen of different index of colloidal stability,
studies of physical-mechanical properties of fast- and slow-decomposing bitumen emulsions as well as properties of
emulsion-mineral mixtures it has been ascertained that:

e bitumen with colloidal instability ranging from 2.75 to 3.2 is recommended to be used for preparation of cationic

e Dbitumen emulsions to make protecting layers from cold cast asphalt-concrete mixtures and for road surface treatment;

e bitumen with colloidal instability less than 2.75 is recommended to be used for preparation of cationic bitumen
emulsions to make priming of the coatings and for rehabilitation of the asphalt-concrete coatings (as impregnating
emulsions);

e bitumen with colloidal instability over 3.2 is recommended to be used for preparation of cationic bitumen emulsions to
make constructional layers of the road coatings from emulsion-mineral mixtures with the use of adhesive admixtures.
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If there is a need to use bitumen with colloidal instability less than 2.75 to prepare fast-decomposing bitumen emulsions
to carry out road surface treatment it is recommended to increase emulsifier consumption and to add adhesive admixtures.

If there is need to use bitumen with colloidal instability over 3.2 to prepare slow-decomposing bitumen emulsions to
make protecting layers from cold cast asphalt-concrete mixtures it is recommended to use phosphoric acid and adhesive
admixtures.

When fluxing additives are used to dilute bitumen it is necessary to take into consideration the effect produced by such
additives on changes in the bitumen component composition.

A final conclusion on expediency of bitumen use to prepare a specific grade of emulsified bitumen and its application for
this or that technology can be drawn after a comprehensive study in a specialized laboratory.

Conclusion

According to the experimental research and depending on the colloidal stability index there are three types of bitumen.
Bitumen with the colloidal stability index lower than 2.75 is recommended to be applied for production of road emulsions
for asphalt pavement priming and rehabilitation. Bitumen with the colloidal stability index from 2.75 to 3.2 is recommended
to be applied for production of road cationic emulsions for covering layers application (Slurry seal) and surface dressing.
Bitumen with the colloidal stability index higher than 3.2 is recommended to be applied for production of road emulsions
with adhesion agent adding.

It was established that using bitumen emulsions with compounded bitumen the maximal speed of formation of a road
surfacing from cold emulsion mixtures is reached. The results of practical application of bitumen emulsions with
compounded bitumen for Slurry seal in road building in Belarus are presented.
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