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Abstract. The article is presenting a modification of
bituminous binder with ecological epoxidized rapeseed oil
(BERO) in the presence of the initiator (hardener). Adipic
acid (AA), maleic anhydride (MA) and polyethylene
polyamine (PEPA) were used as the initiators. The effect of
modification temperature and, as well as initiator nature, on
the bitumen properties was determined. Bitumen modified
with BERO was evaluated by the following indicators:
softening temperature, penetration, ductility, and adhesion
to the glass. The optimal initiator : rapeseed oil epoxide
(ERO) : bitumen ratio was found to be 0.15:3:100; it allows
obtaining bitumen with improved properties, in particular,
adhesive properties increase by 2—-3 times depending on the
nature and content of the initiator. To improve the formula
composite and evaluation of asphalt mixtures the additional
researches will be conducted.

Keywords: bitumen, epoxide, rapeseed oil, modified
bitumen, modification, adhesion.

1. Introduction

Various modifiers [1-11] for road bitumen have
been developed and used to improve the properties of
asphalt concrete pavements. Usually, they can be divided
into polymers, adhesion promoters, fibers, waxes, rubber
crumb, natural bitumen, and various chemical reagents
(ferric chloride, anhydrides, amines, polyphosphoric acid,
formaldehyde, and others). One of the most popular
modifiers among the listed are polymers, which in their
own turn, can also be divided into thermoplastics,
thermoplastic elastomers, terpolymers (reactoplasts or
thermosetting polymers), and latexes.

The concept of epoxy asphalt belongs to thermo-
setting modifiers. By the term “epoxy asphalt concrete”
we mean various asphalt concrete mixtures containing
epoxy compounds. However, even having good physical
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and mechanical properties, epoxy asphalt is not widely
used due to its high cost and technological features such
as petroleum origin and toxicity of some hardeners.

Epoxy compounds can be polymerized in the
presence of hardeners due to the presence of monomers or
short-chain copolymers having an epoxy group at either
end. Epoxy bituminous binder systems are able to form a
continuous matrix of polymer chains with reactive
functional groups and in the reaction of epoxy modifier
with initiators. This process is called polymerization,
which involves the formation, branching and cross-linking
of epoxy polymer chains. During polymerization, the
molecular weight increases, and a higher molecular
weight is achieved when all the chains are interconnected
in a network [12].

It is argued by Hrynchuk et al. [10] that the
hardening of asphalt concrete is accompanied by
polymerization reactions between the epoxy compound
and the hardener and their cross-linking with the reaction
structures of bitumen, which leads to changes in the
properties of the obtained modified bituminous binder [13,
14]. Amine and amide hardeners for epoxy resins of
petroleum origin or dibasic carboxylic acid can be used as
initiators. The main disadvantage of the use of epoxy
compounds in all studies is that modern epoxy resins
made from petroleum raw materials are quite expensive
and not environmentally friendly.

To confirm this, studies conducted to date have
shown that epoxy-containing additives can dramatically
change the properties of bitumen and asphalt concrete
based on them [15-17]. The effect of such modification
may be higher than in other types of modifiers. At the
same time, epoxy asphalt concrete has increased strength
and track resistance at elevated temperatures; high
resistance to the formation of cracks at low temperatures;
resistance to fuels and lubricants; and increase service life
of roads by 3-4 times, as shown in [18-20]. Having a
number of such advantages, epoxy asphalt concrete
should be used for paving [21]. However modern epoxy
resigns, obtained on the basis of oil, are highly priced and
non-ecological.
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In view of the above, it becomes appropriate to
study the ways of using epoxy compounds based on
ecological plant origin, in particular rapeseed oil for the
modification of road bitumen. At present, very little
attention and effort has been paid in this area, and such a
modifier is cheap to produce, affordable, environmentally
friendly, and, moreover, is produced in sufficient
quantities in Ukraine from renewable raw materials.

In addition, our previous studies discussed the
feasibility of using epoxidized rapeseed oil as a modifier
of road bitumen and asphalt concrete. We proposed to
modify bitumen with the so-called bio-based epoxy
rapeseed oil (BERO). By BERO we mean the use of a
composition of rapeseed oil epoxide (ERO) obtained from
renewable and ecological raw materials, rapeseed oil with
organic initiators (hardeners) as a modifier of road
bitumen [8-10].

Our study aims to create a new modification
method for epoxy compounds of plant origin in the
presence of initiators, which are able to obtain modified
bitumen with known properties under different conditions.
This will predict the behavior and methods of the process
intensification. It is also necessary to choose a hardener
that will improve the compatibility between the epoxy
compound and bitumen and thus better physical and
mechanical properties of the bituminous binder will be
achieved.

Understanding the modification and curing
mechanisms and their impact on the physical and
mechanical properties of modified bitumen systems is an
extremely important step in this work.

2. Experimental

2.1. Initial Materials

To obtain the modified bitumen, we used the
oxidized road bitumen BND 70/100 produced by PJSC
"Ukrtatnafta", Ukraine (Table 1).

For the oil bitumen modification we obtained
epoxide of rapeseed oil using standard methodology [11].
The results are presented in Table 2.

We selected adipic acid (AA), maleic anhydride
(MA) and polyethylene polyamine (PEPA) as the
initiators in compositions with BERO.

2.2. Experimental Procedure

Our previous studies [10] contain information on
the modification of bitumen and asphalt concrete with
epoxidized rapeseed oil (ERO) on the basis of cheap
ecological and renewable raw material — rapeseed oil
(RO). The obtained results allow to characterize ERO as
an effective modifier for petroleum road bitumen and
asphalt concretes based on them.

Technological parameters for the modification of
ERO bitumen were quite expensive and impractical. In
particular, the results of qualitative characteristics of
modified bitumen at the temperatures of 453463 K and
modification time over 5 h were obtained. From the idea of
epoxy compounds and detailed analysis of the literature, we
proposed to optimize this technology by adding initiators.
The scheme that will initiate the polymerization of the
epoxy component in bitumen and reduce the process
temperature is given below (Fig. 1) [10, 22].

Table 1
Characteristics of road bitumen 70/100
Index Value
Penetration at 298 K, m-10* (0.1 mm) 70
Softening point, K 319
Ductility at 298 K, m'10 > (cm) 100
Adhesion to glass, % 33
Index of penetration -15
Plasticity interval 64
Table 2

Characteristics of oil before and after epoxidizing

Oil Epoxy number (EN), % | Acid number (AN), g KOH/100g Bromine number (BN), g Br/100g
Rapeseed oil 0.28 0.51 80.4
Epoxidized rapeseed oil 6.73 0.44 1.8
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Fig. 1. Scheme of bitumen modification
by green epoxy rapeseed oil

All preparations of bituminous compositions were
carried out in a stirred reactor. To the heated bitumen a
composition of BERO with different mass ratios of
components was added, after which the composition was
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stirred for 2 h at the same temperature. The temperature
was varied from 413 to 453 K. The initiator content in
BERO, the amount of BERO and the modification
temperature were changed to establish the dependences of
bitumen physico-mechanical properties on the
technological parameters. The obtained modified bitumen
was evaluated by the softening temperature, penetration at
298 K, ductility at 298 K and adhesion to glass [23-26].

3. Results and Discussion

3.1. Effect of Initiator Content in ERO
Composition on Bitumen Properties

To determine the initiator : ERO optimal ratio, we
studied its effect on the physico-mechanical properties of
the samples at 433 K. The BERO content in bitumen was
3 wt%. The initiator content in the composition was
varied from 1 to 20 wt %. The MA content in the BERO
composition was increased to 50 % [22]. The results are
shown in Tables 3-5.

Table 3

Effect of the adipic acid (AA) concentration in the BERO composite
on the properties of modified bitumen BND 70/100

AA content in BERO, wt % Softening point, K Adhesion to glass, % Penetration at 298 K, m-10™
0 319.0 15.6 68
3 319.0 29.6 77
5 319.5 68.4 71
7 319.0 75.4 77
10 319.0 85.2 76
13 320.0 87.5 61
15 321.0 94.9 62
17 321.0 93.3 55
20 320.0 93.5 55

Table 4

Effect of the maleic anhydride (MA) concentration in the BERO composite
on the properties of modified bitumen BND 70/100

MA content in BERO, wt % Softening point, K Adhesion to glass, % Penetration at 298 K, m-10™
0 319.0 15.6 68
3 320.0 17.9 61
5 321.0 18.2 63
7 321.0 23.6 62
10 3215 21.5 57
13 321.0 20.9 55
15 3215 21.2 56
17 322.0 21.9 51
20 322.0 21.5 53
40 322.0 21.9 39
45 323.0 24.5 37
50 322.0 23.2 37
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Table 5

Effect of the polyethylene polyamine (PEPA) concentration in the BERO composite
on the properties of modified bitumen BND 70/100

ii%’&‘an\ﬁ‘gz) Softening point, K Adhesion to glass, % Penetra;ll(.nlloa}} 298 K,
0 319.0 15,6 68
3 318.0 85,6 71
5 318.0 88,2 73
7 319.0 91,3 68
10 319.0 92,3 68
13 320.0 95,5 66
15 321.0 97,4 66
17 319.0 97,5 65
20 318.0 98,5 65

It is seen from Tables 3-5 that with increasing
content of initiators in the composition from 1 to 20 wt %
and up to 50 wt % in the case of maleic anhydride, the
results were improved by 15-20 % for all initiators. 15—
20wt% of AA in BERO increases the softening
temperature by 2 K, reduces penetration by 5-10 m'10™
and increases the adhesion to glass by 3-4 times in
comparison with the original bitumen. Also, 15-20 wt %
of MA in the composition allows to obtain modified
bitumen with a fairly high softening temperature (323 K)
and penetration of 55 m-10™, but such an important index
as adhesion has increased only twice. PEPA in the
composition with ERO allows to obtain modified bitumen
with the highest adhesion to glass (>98 %) while other
indices are not changed. These results allow to choose the
best ratio for the composition modification
(initiator : ERO = 15:85). At other ratios, the physical and
mechanical properties of modified bitumen are
unsatisfactory, which makes it impractical to modify road
bitumen at these ratios, or the content of the initiator is too
high, which significantly increases the cost of the
modifying system and is economically impractical.

Based on the obtained results, the optimal content
of the initiator in the BERO composition was found to be
15 wt % at the modification temperature of 433 K.

3.2. Effect of Temperature
on the Properties of BERO Modified
Bitumen

The modification process was performed in the
temperature range of 413-453 K. The BERO content in
bitumen was 3 wt %. The initiator content in the BERO
composition was 15 wt %. Modification time was 2 h.

The results of the experiments are shown in Tables
6-8.

It is seen from the obtained results (Tables 4-6) that
with the modification temperature increase from 413 to
453 K the physical and mechanical properties of bitumen
are slightly improved. This trend is maintained for all
BERO compositions, but only in the temperature range of
413-433 K. Further increase in temperature to 453 K
practically does not change the values achieved at 433 K,
which makes it impractical to carry out the modification at
higher temperatures. So, the temperature of 433 K was
found to be the optimum temperature of the modification
process.

As can be seen from the results of research, with a
constant value of EPO, an increase in the content of the
initiator from 1 to 20 wt % allows to increase adhesion
from 33 % to 95 % with virtually unchanged softening
temperature. There are also slight changes in penetration
when changing initiators in the process of bitumen
modification.

These changes in bitumen quality with the changes
in modification temperature and amount of initiator in the
BERO composition indicates that ERO probably acts as a
plasticizer, because in these cases with increasing content
of initiator there is a gradual increase in physical and
mechanical properties of modified bitumen. The level of
growth of these indices increases with increasing content
of initiators in the composite with ERO, but only to a
certain extent, which may indicate the course of ERO
chemical conversion with bitumen in the presence of the
initiator. It is likely that this process is associated with the
opening of ERO epoxy ring and the polymerization
reaction between ERO and initiator, as well as their cross-
linking with bitumen, which changes the properties of the
final product.

This change in the adhesive properties of the
BERO modified bitumen allows one to position such an
additive as an adhesive. After all, BERO modified
bitumen fully meets the requirements for bitumen
modified with an adhesive additive [27].
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Table 6

Effect of modification temperature on the properties of BND 70/100 bitumen (AA is the initiator)

Temperature, K Softening point, K Adhesion to glass, % Penetration at 298 K, m-10™
413 320.0 93.9 93
423 319.0 92.5 77
433 321.0 94.9 62
443 320.0 93.1 68
453 321.0 93.9 72

Table 7

Effect of modification temperature on the properties of BND 70/100 bitumen (MA is the initiator)

Temperature, K Softening point, K Adhesion to glass, % Penetration at 298 K, m-10™
413 321.0 21.3 73
423 320.0 21.3 65
433 321.5 21.2 56
443 321.0 21.6 55
453 322.0 21.2 56

Table 8

Effect of modification temperature on the properties of BND 70/100 bitumen (PEPA is the initiator)

Temperature, K Softening point, K Adhesion to glass, % Penetration at 298 K, m-10™
413 320.0 97.2 83
423 320.0 97.5 75
433 321.0 97.4 66
443 321.0 96.5 70
453 322.0 95.6 73

4, Conclusions

A new method of modifying bitumen with epoxy
compounds of plant origin in the presence of initiators has
been investigated. It is proposed to use adipic acid, maleic
anhydride and polyethylene polyamine as initiators.

The positive effect of all investigated compositions
on the qualitative properties of bitumen, namely adhesion,
is shown.

The optimal content of the initiator in the composition
of BERO was found to be 15 wt %. This amount allows to
increase the adhesion index by 3—4 times. The dependence of
physical and mechanical properties of BERO modified
bitumen on the modification temperature was established.
The temperature of 433 K can be taken as the optimum
temperature of the modification process because at this
temperature it is possible to achieve good results, while
further increase in temperature does not lead to significant
changes and, therefore, is economically impractical.
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BIIVINB IHINIATOPIB
HA AJITE3IMHI BJACTUBOCTI BITYMIB,
MOJIUPIKOBAHUX EITOKCHUJIOM
POCJIMHHOI'O NOXOAKEHH A

Anomauin. 3anpononosano MoougixyeanHs OimymHo2o
6 ’51ICYH020 eKON02IMHOI0 enOKCUO08anolo pinaxogoio onieio (BERO)
6 npucymuocmi iHiyiamopa (3ameepodicyéaua). Ak  iniyiamop
suUKOpUCMAano aouninogy kuciomy (AA4), maneinosuti aneiopuo (MA)
ma noniemunennoniamin (PEPA). Bcmanosneno enius memne-
pamypu MOOupiKysanHs ma Cni8iOHOWEHHsL IHIYIAMOop : enoKCuo
pinaxoeoi onii’ (ERO) : 6imym, a maxoosic npupodu iHiyiamopa Ha
enacmusocmi  mMoougixoganozo oimymy. Ouyineno maxi sKiCHI
NOKA3HUKY OIMyMy, K MEMNepamypa posm sSIKUEHHs, neHempayis,
OykmuibHicms ma aoeesiss 00 ckid. Bcmanosieno onmumanvhe
cnigsionowenns iniyiamop : ERO : 6imym = 0,15:3:100, 3a sxoeo
00epoHcyioms  Gimym 3 NOKPAWEHUMU GIACMUBOCHAMY, 30KpeMd
aozesivini enacmugocmi nioguuyiomocs 8 2-3 pasu, 6 3anedHCHOCmi
6I0 npupoou i emicmy iniyiamopa. [{nsi 600cKonanents opmynu
KOMRO3umy ma OyinKu acpanvmodemonnux cymiwetl 6yoymo
npogedei NOOAIbIULL OOCTIONHCEHHSL.

Knrouosi cnosa: 6imym, enoxcuo, pinakosa onis, MoOu-
ixosanuti bimym, Mmoougbixayis, enokcuoo8aHa pinakoea oiuis,
aoeesis.



