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“You change and the world changes,
you live and the world lives,

you dance and the world dances,
you are the world...”

Filomena Falvo

To my daughter...

"The road to pursuing change is impervious, fraught, long, wide and bumpy, like the path of life. For a strange
game of destiny the Star Asphalt has always dealt with roads and now, through the Filomena Falvo Foundation,
its mission merges with the human spirit to create a single purpose. Roads finally become paths, paths become
objectives. "

This work is the result of the collaboration between Star Asphalt S.p.A., a leading company in the production
of special additives for bitumen and bituminous conglomerates, and the "Falvo Filomena" Foundation.
Together, we are developing totally eco-friendly and green industrial systems. All Star Asphalt products have
the certifications required by the Reach legislation and have been created with a particular focus on respect for
the environment. In collaboration with the "Falvo Filomena" Foundation, we aim to continue the constant work
of experimentation and innovation to achieve goals that are consistent with truth and clarity, peculiar virtues
of my daughter Filomena, to whom this writing is dedicated.

President Prof. Rosario Giovanni Falvo
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Registration of_Star Asphalt S.p.A. to REACH Regulation
N. 1907/2006 G.U.E. L396 of 30 December 2006
Effective from 1 June 2007 and with registration deadline

to 31 May 2018

STARDOPE® 130P
REACH REGISTRATION NUMBER
01-2119896587-13-0015

STARDOPE® 386G
REACH REGISTRATION NUMBER
01-2119492546-27-0004
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ADHESTON PROMOTERS

INTRODUCTION

The duration of a road pavement depends basically on adhesion between bitumen and aggregates;
a good binding-aggregate adhesion is the result of the bitumen's ability to withstand static and
dynamic stress caused by traffic and atmospheric agents such as air (oxygen), light and especially
water. Bitumen cohesion and the adhesion between bitumen and aggregates are among the key
properties that characterize the resistance of a bituminous conglomerate over time under the effect
of vehicular traffic. Bitumen cohesion is an intrinsic property of this material and it is verified by
numerous well-tested tests; on the other hand, adhesion between the binder and the inerts is more
difficult to ensure and it is also a more complex phenomena to be investigated.

Around 95% of a bituminous conglomerate, designed to make road pavements, consists of a mixture
of "stone aggregates" with a given granulometric curve, the choice of aggregates depends on the
technical requirements that have to be achieved related to the features of the final result. Analyzing
the inerts from a chemical point of view, they can be acidic or basic, respectively attracting negative
or positive charges respectively.

Fig. 1. Types of inerts.
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Usually, an asphalt mix consists of 5% by weight of bituminous binder. Bitumen is a complex mixture
of chemicals. The adhesive properties of the bitumen are closely related to the presence of acidic
groups, therefore a bitumen with a high acidity has better adhesion than a neutral bitumen.
Bitumen/inert adhesion is basically characterized by two phases:

e The bitumen's ability to fully cover aggregates;
e Bitumen’s ability to remain attached to aggregate’s surface for the entire working life of the road.

Bitumen generally has low chemical affinity with aggregates, while aggregates have high affinity
with water. For this reason, bitumen adhesion can be compromised by the presence of
water/moisture.

Bitumen and aggregates affinity can be improved by adding a small amount of additives called
StarDope®. These chemicals have the function of modifying the surface tension between bitumen
and aggregates, reducing their contact angle.

Hydrophobic Hydrophilic
Surface Surface
e\ A
. contact angle low
high adhesiveness good
poor wettability good
poor solid surface free high
low energy

Fig. 2. Contact angle.
The use of StarDope® additives during the packing of the asphalt mix has the following benefits:
¢ Higher bitumen/inert adhesion;
¢ Increased resistance to stripping;

e Improved durability of bituminous mixtures.
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Fig. 3. Section of a sample: on the left, a section of the sample made with adhesion promoter, on
the right a section of the sample made without adhesion promoter.

The use of StarDope® gives greater ease of use to the asphalt mix, in particular:
e At low temperatures;
e In the presence of humidity.

StarDope® imparts to the pavements greater resistance to aging, slowing down the oxidation
process. As a result of oxidation, bitumen’s viscosity increases until it completely loses its flexibility,
becoming fragile and prone to breakage. Our products are formulated with the aim of ensuring a
suitable and durable adhesive bond between bitumen and inert with low mutual affinity.

The perfect co-operation between the binder and the stone elements prevents the water from
settling between the two materials, leading to an early aging of the bituminous mixture and
anticipating the initiation of disadvantages leading to floor loss.

The dosage has to be mandatory specified in the study of the mixture and may vary depending on
the conditions of use, the nature of the aggregates and the characteristics of the product. The choice
of the type and the additive dosage should be established in such a way to impart the features of
cracking strength and durability to water action. In any case, the chosen adhesion activator must
exhibit stable chemical features over time even if subjected to high temperature (T=150°C) for long
periods (15 days). The addition of surfactants into bitumen has to be made with suitable equipment,
such as to guarantee the exact dosage and their perfect dispersion in bituminous binder.
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OUR SOLUTIONS

In our laboratories the variations of the characteristics of bituminous mixtures have been studied
with and without the addition of special adhesion promoters called StarDope®, with the aim of
determining and appreciating their performances.

Different types of aggregates are compared by testing all our specific additives to the portfolio, in
order to evaluate the bitumen/aggregate adhesion; the asphalt mix produced with their addition
have a better internal cohesion but above all a very high resistance to "stripping" in the detachment
of the bitumen film covering the aggregate. In the experimental studies that follow, the resistance
to high temperatures (T=180°C) for long periods of time (5 days) was determined by infrared
spectroscopic investigation.

EXPERIMENTAL ACTIVITY REPORT

The experimental activity develops in three phases:

1. During the first phase, bitumen samples were made to which our additives have been added, in
particular, 0.3% on the weight of the bituminous binder for StarDope® 130P and StarDope® 386G
products, and 0.1%, 0.05% and 0.03% for the StarDope® 510 product. The prepared samples were
evaluated by spectroscopic investigation investigated by Fourier transform infrared technique
(FT-IR), in order to determine the bands characteristics of the additives
and verify if they remain after heat treatment at 180°C, this indicates the
thermo-stability of the same.

2. During the second phase, reference mixtures were made with different
types of aggregates, in order to evaluate the performance of bitumen
only. Similarly, samples made with additive bitumen were made.

3. During the third phase the efficiency of the additives as "adhesion
promoters" was evaluated according to three different techniques:
"Boiling Water Stripping Test" as required by the International regulations
(ASTM D3625), "Rolling Bottle Test" according to European legislation
(UNI EN 12697-11), and stripping resistance test according to Russian
Standard (GOST 12.801-98) and Ukraine (ISO BV 2.7-89-99): in all these
tests the aggregates are first hot-coated with additivated bitumen and not,
and after appropriate cooling tested.

The first technique involves immersion in boiling water for a fixed period of time, evaluating visually,
as a complete test, the degree of bitumen coating, expressed as a percentage. The covered surface,
after 10 minutes of testing, must be typically over 80% in order to ensure a good durability of the
mixture to the action of the water.
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The second technique involves placing test samples
inside glass containers filled with water at room
temperature. These containers are rotated and shaken
for a variable period of time (up to 24 hours) and
inspected every 6 hours giving a visual assessment of the
degree of bitumen coverage, as a percentage of the
aggregates.

The third technique involves covering 3 single large
stones, immersed in water at a temperature between 90
and 95°C for 10 minutes. At the end of the test the
aggregates are evaluated visually, assigning a variable coverage class between 1 and 5. Typically
values above the class 3 are considered valid.

StarDope® 130 P > REACH REGISTRATION NUMBER: 01-2119896587-13-0015

° Boiling Water Stripping Test (ASTM D3625).

Figure 4a. Results Boiling Water Stripping Test basalt aggregates: left bitumen without additive,
right bitumen with the addition of 0.3% StarDope® 130 P.



o kiwaX ((TuY N
!('3““‘) Q@ Flomena folvo

e s WS GRMNE 4375 BITRRR

Figure 4b. Results Boiling Water Stripping Test inert granites: left bitumen without additive, right
bitumen with the addition of 0.3% of StarDope® 130 P.
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Figure 4c. Results Boiling Water Stripping Dolomites inert tests: left bitumen without additive, on the
right bitumen with the addition of 0.3% of StarDope® 130 P.
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Figure 4d. Results Boiling Water Stripping Test aggregate mix: left bitumen without additive, right
bitumen with the addition of 0.3% StarDope® 130 P.
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¢ Boiling Water Stripping Chart Test StarDope® 130 P Overall vs Non-Additive.

Boiling Water Stripping Test S.D. 130 P

100%

80%
60%
40%
20%
0% Bitumen + 0,3% SD 130 P
agg/lrz(g(:;es Granite

Only bitumen
Basalt

Dolomite

H Only bitumen  ®Bitumen +0,3% SD 130 P

Rolling Bottle Test (EN 12697-11 part A).
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Figure 4e. Results Rolling Bottle Test inert basalt: on the left bitumen without additive, on the right
bitumen with the addition of 0.3% of StarDope® 130 P.
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Figure 4f. Results Rolling Bottle Test inert granites: on the left bitumen without additive, on the
right bitumen with the addition of 0.3% of StarDope® 130 P.
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Figure 4g. Rolling Bottle Results Inert dolomitic tests: left bitumen without additive, on the right
bitumen with the addition of 0.3% of StarDope® 130 P.
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Figure 4h. Results Rolling Bottle Test aggregate mix: left bitumen without additive, right bitumen
with the addition of 0.3% StarDope® 130 P.
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e Rolling Bottle Total Test Chart StarDope® 130 P vs Non-Additive.

Rolling Bottle Test - UNIEN 12697-11
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® Rolling Bottle Test Chart StarDope® 130 P vs Non-Additive at t = 6h.

Rolling Bottle Test t=6h
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¢ Rolling Bottle Test Chart StarDope® 130 P vs Non-Additive at t = 24h.

Rolling Bottle Test t=24h
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H Only bitumen ®0,3% SD 130P

e Test stripping resistance according to Russian law (GOST 12.801-98) and Ukraine
(ISO BV 2.7-89-99).

Figure 4i. Results Granitic inert tests: left bitumen without additive, on the right bitumen with the
addition of 0.3% of StarDope® 130 P.
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Analysis FT-IR.
The FT-IR analysis was carried out on a sample of bitumen as such, on the samples of all Star Asphalt

adhesion promoters as such and the samples of bitumen added with the adhesion promoters; the
comparison analysis of the bitumen spectrum as such and of the additives as they clearly show how
the bitumen-additive mixture essentially results from the overlapping of the spectra of the
individual components. In fact, the characteristic peaks of the bitumen and those of the StarDope®
additives are clearly identifiable in the spectra below. The thermal stability of the bitumen-additive
system was verified by keeping the mixture in stove at T=180°C for 5 days, simulating,
approximately, an aging at T=150°C for 15 days. The spectral analysis on the bitumen-additive
mixtures treated showed a high stability of the same, since the FT-IR spectra acquired after
treatment at 180°C do not show significant qualitative or quantitative differences with respect to
the corresponding spectra acquired on the samples that do not have immediately heat treatment.
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Figure 4l. Infrared spectrum acquired in transmittance by Fourier Transform Infrared Spectrometer
in the frequency range between 4000 and 400 cm™®.
At the top on the left, the characteristic peaks of a sample of bitumen as such, in the upper right
corner the characteristic ones of the StarDope® 130 P additive, on the lower left the overlap of the
characteristic peaks of a sample of bitumen with the addition of 0.3% of StarDope® 130 P, lower
right peaks of the stability test at T=180°C at 5 days of the bitumen sample with the addition of
0.3% of StarDope® 130 P: presenting a similar spectrum with respect to that of the bitumen as
such, in the presence of the additive, the thermostability of the adhesion promoter can be

observed.
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StarDope® 386 G > REACH REGISTRATION NUMBER: 01-2119492546-27-0004

e Boiling Water Stripping Test (ASTM D3625).
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Figure 5a. Results Boiling water stripping Test basalt aggregates: left bitumen without additive, on
the right bitumen with the addition of 0.3% of StarDope® 386 G.
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Figure 5b. Results Boiling water stripping Test inert granites: left bitumen without additive, on the
right bitumen with the addition of 0.3% of StarDope® 386 G.
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